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PREFACE

This report is based upomatd collected by the European Commission under the
Directive 92/72/EEC on air pollution by ozone and presented to tihepEan Council

in their meeting of Octobet997 as two sepate rgorts, one covering the year 1996,

the other covering summer 1997. The Commission requested the European Environment
Agency to assist in the reporting obligations. The reports were subsequently produced by
the European Topic Centre on Air Quality under cacttto the Agency. The separate
reports are also available in electronic form on the EEA homepage on the Internet
(http://lwww.eea.eu.int). In this topic pert the annual 1996 and summer 1997 reports
are reproduced in their original form as presented to tlmen@ission. The differences in
available data, the set of threshold values, the number of stations, the location of
stations, and the status of th&ormation based on vahded 1996 data andion-
validated 1997 data, justifies such an approach.

A major asset of this report is the timeliness of its delivery. The assessment of ozone
episodes in 1997 was based up@tadmeasured only two months earlier, while the
normal production time from field measurements to waéid assessmentpats is

rarely less than eighteen months. This timejyoréng has only been possible with the
support of the individual contact points within each Member State and the efficient
communication established.

The harmful effects ofrbpospheric ozone on human health and well-being as well as
damage to ecosystems is now being recognised as a major concern throughout the
Member States of theutopean Union. The European Community has taken steps to
deal with the problem through a number of doiives including the 92/72/EEC
Directive on ambient ozone and the 96/62/EEC Directive on ambient air quality
assessment and management (the Framewosctivie) as well as the decision to
develop a Community stratedpr the reduction of ozone pollution. The measures
necessary to combat pollution remain however a resplitgsid each Member State
and require political decisions with cost implications and consequefaceshe
development of activities in society. In this politicatocess basic and reliable
information on the extent and severity of the problem is essential.

It is the intention of EEA to continue yearly reporting and assessment of the ground
level ozone situation in Europe in close co-operation with the European Commission.

Gordon Mclnnes
Programme Manager



SUMMARY

This report summarises the annual information oneedances of ozone threshold
values during 1996 and gives a first evaluation of the observeeledances of the
thresholds during summer 1997 (April-August). According to the Councécbie
(92/72/EEC) on air pollution by ozone, Member States haygdwede information on
ozone levels (statistical parameters, number durdtion of exceedances of specified
threshold values) on an annual basis before 1 July of the next year. Additionally,
exceedances of the threshold valf@spopulation information and warning, as set in

the Directive, must be perted to the Commission within one month after occurrence.
The analysis for the year 1996 presented in this report is based on information made
available before 6 August 1997. By then information for the calendar year 1996 had
been receivedfom 13 Member tates. Datdrom France was not availableatafrom

Italy was received at a very late stage and inconsistent with the dgreed and could

not be included fully in the report. Aseather onditions during August 1997 irdited

a high probatity of occurrence of egeedances, the preparation of the@ort on
summer 1997 was postponed for two weeks in order to include as far as possible
information on the situation in August. All informatioeceived not later than 19
September has been included. 14 Member States submitted rfatajation from
France was not available.

From an evaluation of the exceedances amuial gatistics, the following conclusions
are reached:

e Ozone monitoring datdor the year 1996 have beeaceivedfrom 836 sations
within 13 EU Member Statesfor Summer 1997 14 Memberta$es provided
information for a total of 1070 stations.

e Spatial coverage and documentation on monitoring data quality n@eovement.
Depending on the local situation, the ozone monitoriagasns are characterised as
rural, urban, stret or other (e.gnhdustrial). The present subset of rutati®ns is not
representativéor the land area of the EU: the subset is et to cover only 40
50% of the area. The geographical coverage of the natbrss is rather adequate
in North West Europe but in other regions gaps are noted. The subset of urban
stations is insfficient to estinate the exposure of the population living in cities with
more than 25 000 inhabitants: the urbaatisns cover laout 30% of the urban
population, and hence less than 20% of the total population in the EU.

e The threshold for warning of the public (360 ubém hourly average concentration)
was exceeded in two Member Stated996: Greece, two stations in Athens on 21
May 1996 (361 and 39ﬂg/m3) and in Italy, at stations in Palerni®4 November
1996, 368ug/n’) and in Porto Torres (16 d2emberl996, 371 g/nv). During
summer 1997, one egedance was observed in the Atheasucbation (g&tion
Lykovrissi, 383 pg/mion 18 June).

e The threshold value for providing information to the population (180 iagifmourly
average concentration) wasceeded in1996 in 12 (out of 13 reporting) EU
Member States during a limited number of days; Ireland did not report exceedances.



During Summer 1997 this threshold value waseexied in all Member States with

the exception of Ireland, Finland, Denmark and Sweden. In the Menta&sS
where exceedances were observed, the number of days on which at least one
exceedance was observed ranfgeth five in Luxembourg to 49 in Italy. 41% of all
stations reported one or more exceedartigsg the 1997 summer season. An
initial estimate was made of the percentage of uh®n population which was
exposed to at least onecedance of thpopulation information threshold. From all

the cities in which at least one monitoring station was operatié&, (157 cities)
reported one or more exceedances.nffion people (34% of the population in

cities with monitors operational) may have been exposed to these exceedances.

In 1996, the threshold value set for thetpobion of human healthopulation (110

ug/m3 as 8-hourly average concentratioms exceeded substantially and in all
reporting Member tates. The subset ofirban $ations is assumed to give
representative valuder the exposure of an urban population of aboutntibon
people. 86% of this population was exposed to ozone levededing the threshold
during at least one day; 6% was exposed to exceedances during more than 50 days.

In 1996 the threshold value of daily average concentrations set for tieetfmo of
vegetation180 ug/rﬁ as hourly average concentratisgxceeded substantially (by

up to a factor 3), widely (in all reporting Membetat®s) and frequentlyfour
Member States port exceedancesluring more than 300 days at one or more of
their stations). Exceedancedsring more than 150 days are estiedfor more than

31% of the area for which the subset of rural stations reports representative values.
The threshold value of hourly average concentrations weseebed largelyand
widely (reported by 10 out of 13 Member States) dimd@ed number of days: in
44% of the mapped area exceedances were reported during 1- 5 days.

A limited presetation of the percentile values observed in the pet@8b-1996 is

given for four Member tatesfor which this information was available. Based on the
reported data no conclusive answer concerning a trend in percentile values can be
given. For the summer season it is noted that in summer 1997 all relevaatarsli

(the number of stations whichperted an exceedance; the number of exceedances
at those stations and maximum concentrations this year) were lowetutiag the

1995 and 1996 summer seasons. This difference can maialyribeited to year-to

year weather variability.
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1.INTRODUCTION

Ozone, @, is a strong photochemical oxidant which may cause serious health problems
and damage to materials and ecosystems. Huxposere to eleated levels of ozone
concentrations can give rise to inflammatory responses and decreases in lung function.
Symptoms observed are coughing, chest pain, difficulty in breathing, headache and eye
irritation. Both laboratory and epidemiologicadtd indicate large variations between
individuals in response to episodic ozone exposure; thectsffseem to be more
pronounced in children than in adults. Studies cath that exposure to ozone
concentrations in the range 160-3ﬁﬁm3 for a period of 1-8 hours, often observed in
Europe, reduces various pulmonary functions.

Exposure of ecosystems and agricultural crops to ozone results in visible foliar injury
and in reductions in crop yield and seed production. Within the framework of the UN
ECE Convention on Long-Range Transboundary Air Pollution the critical' léwel
ozone is expressed as thecumulated ozonexposure above a threshold of 40 ppb
(corresponding to 8(lg/m3). Guideline values for thiaccumulated ozonexposure of

3000 ppb.h and 10,000 ppb.h are given for crops and forest, respectively.

In view of the harmful effects gbhotochemical pollution in the lower levels of the
atmosphere, the Council of Ministers adopted in 1992diive 92/72/EEC on air
pollution by ozone. The Directive came inforce in March 1994. It established
procedures for harmonized monitoring of ozone concentrations, for exchange of
information, for commumiation with and alerting of theopulation regarding ozone and
optimizing the action needed to reduce ozone formation.

Article 6 of the Directive specifies how theformation on monitoring results must be
provided by the Membert&es to the Qomission. Regarding the time frame, two main
types of reporting can be distinguished. Information oceerdances of the so-called
information threshold (article 6 sub 2) and warning threshold (article 6 sub 3) for the
ozone concentration is to be provided within one month after occurrence. Information
on exceedances of all threshold values given in Article 6 mugrdyeded within six
months following the annual reference period (article 6 sub 1). Article 7 of tbete
stipulates that the Commission shall at least once a year evaluate the data collected
under the Diective. The presentpert gives an overview of ozone monitoring results of
1996. $nilar overviews of thel994 and 1995 annuaath have been prepared by the
European Topic Centre on Air Quality (deeuw et al, 1995; deLeeuw and van
Zantvoort, 1996). Prior to the current report an overview on ozone threshold
exceedanceduring Summer 1996 (April-July) was also presented to thendssion
(Sluyter and van Zantvoort, 1996).

The data reported here do not cover all ozone monitoring stations inutibpe@an
Union. For inclusion in this report, that must satisfy certain criteria stipulated in the
Directive, concerning inter alia measuring heats, sampling methodstation siting,
guality assurance and documergatiFormats on the transfer cdtd have been defined

by the Expert Group on Photochemical Pollution. This group, established by the

! Critical levels are defined as concentrations of pollutants in the atmosphere above which direct adverse
effects on receptors, such as plants, ecosystems or materials may occur according to present knowledge
(Bull, 1991).



Commission following Article 7 of the Directive, had several meetings+ordinate the
work within the Member States and the Commission in the framework of the Directive.

Background information on the current experience and knowledge concerning
photochemical air pollution, dealing in particular with the phenomenology of ozone, the
scientific understanding as based on experiments and theory, and the insights from
modelling studies on the relation between ozone levels and precursor emissions, may be
found in Borrell and Van den Hout (1995), Derwent and Van den Hout (1995), Barrett
and Berge (1996) and in ti@onsolidated report on the status of tropospheric ozone
pollution in the European Community (Beck and Krzyzanowski, 1997) which is
currently in preparation following Article 8 of the Bative. Some aspects of the ozone
phenomenology are briefly discussed in Annex Il

10



2. DATA REPORTING

2.1Introduction

According to the ozone dictive, the EU Member States haveptovide the following
information for the annual reference period:

e maximum, median and 98 percentile value of 1h- and 8h- average concentrations;

e the number, date arttliration of periods during which threshold values as presented
in Table 1 are exceeded and the maximum concentrationsdezt duringeach
occurrence.

In addition to this annual report, Membetateés mustriform the Commission on a
monthly basis if exceedances of thdormation and warning threshold values are
observed.

Table 1. Threshold values for ozone concentrationggint)

threshold for

concentration

averaging period

health protection

vegetation protection

population information

population warning

110
200
65
180
360

8h
1h
24 h
1h
1h

A group of experts from the Membersats have followed the practical implementation

of the Directive. Among other items thisogp discussed procedures fata rgorting.

The formats for information andath exchanges have been defined in the document
“Council Directive 92/72/EEC on air pollution by ozon&formation and data
exchange/formats”, Doc.Rev. 11/243/95. In general terms, the requested information
consists of two parts:

1. information on tations and measurements techniques (Ozone Directive, ai&le
indents 1 and 2);

2. information on ozoneconcentration: annualtagistics and threshold exceedances
(Ozone Directive, article 6.1).

Based on the experiences in processing the ttatahe 1994 annual report, the
European Topic Centre on Air Quality (ETC-AQ) provided remarks concerning data
transmission and suggestions for improvement which were discussed in the Expert
Group on Photochemical Pollution. Considering the increasing amouatafefuiring
processing, as well as the improvement of the transfer abh delating to the
implementation of the Directive, the Commission has prepared an update 1@96)

of the data exchangmrmat. The major changes concern the transfer of additional
information:

11



e type of station: definition of the location of stations as recommended in the decision
on Exchanges of Information (97/101/EC);

» altitude of stations as recommended by the Expert Group;
e NOyand VOC data, according to Annex 2.3 of the ozone directive;

» file names: it is recommended to define unique names for all files in order to improve
the management and transfer of the data files.

For submission of the 199@&th nofurther modifcations in data requirements and data
exchange formats have been made.

2.2 Data handling

According to the Ozone [active, the requestediformation over 1996 should have
been forwarded to the Commission before 1 July 1997. &ta ébrwarded by the
Commission and received at theirBpean Topic Centre on Air Quality (ETC-AQ)
before 11 August 1997 has been processed is this report. In this report the definition of
the dataformats as described in the document Doc.Rev. 11/243/95 and its April 1996
amendment is used as a reference. If necessary, files were converted at the ETC-AQ for
further processing.

No information has beereceivedfrom France. Information from Italy waggeived

more than two months after the formal deadline of 1 July. Eloeived data were,
however, not fully in agreement with the standard datanat which impeded data
analyses. As time and resources were limited, the Itaditanlths not been included fully

in this report. However, as far as possible the Italata ére included in the overview
Tables 2-6 and a preliminary survey of exceedances in Italy is presented in Chapter 4.6.

For 1996 information on ozone concentrations (anntatisics and/or exceedance
information) was eceived for 836 monitoring wations. For nearly all stations
information was subrttied on measurement rheds, instruments and calibration
procedures. In comparison to 1995, information for a slightly smaller numbeatiohs
was received (see Figut®. Comparison of 1995 and 1996 is hampered byabethat
information from two Membert&tes is missing. If one assumes that in thaseties
the same number of stations is operational995 and 1996, there is an increase in
information, see the bar labell®@-Bin Figure 1.

Information on NQ concentrations has been receiviedm 6 Member ttes (90
stations); 8 Member Statesparted on NQ concentrations (122ations).Information
on Volatile Organic Compounds (VOC) was reported by two MembetesS at five
stations.

12
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Figure 1. Number of stations reporting ozone data within the framework of the Ozone
Directive. The bar “96” refers to the actual 13 reporting Member States96B” a
correction has been made for missing data.

13



3. SUMMARY OF REPORTED DATA FOR 1996

The location of monitoring stations which are usadthe implemetation of the ozone
directive and which were included inpating for 1996 is presented in Map 1. In total,
information for 836 &tions in 13 Member States was received. Afloréing Member
States use the reference hwt (UV absorption) as prescribed in Annex V of the Ozone
Directive. However, at dmited number of &tions the chmiluminescence mhod is
used.

Exceedance of the threshold value36D ug/m3 for hourly values was observed on 21
May at two stations in Greece and at two Italian statieee Table 2.

Table 2. Observed exatances of the threshold value of :«mﬁm3 for hourly average
concentrations, period 1 January - 31 December 1996.

country station name & city date, time max. conc.
(Hg/nT)
Greece Liosia, Athens 21 May 1996, 14.00 391
Marousi 21 May 1996, 13.00 361
Italy Boccadifa, Palermo 14 November 1996, 0.00 | 368
Cuile Bo, Porto Torres | 16 December 1996, 17.00 | 371

The high ozone levels in Greece are not associated with a widespread episode over
Europe but they have a rather local euder;for other Member tates exceedance of

the 180ug/m3 threshold value was not reported on 21 or 22 May. The exceedances in
Italy were observed in the winter months when such high levels are unexpected. On 14
November no other Italian station showed ozone levels exceéﬂh‘ngg/m3; on 16
December only one station in Naple#0-500 km from Porto Torres) showed an
exceedance of the00 ug/m3 threshold value (the maximum observed hourly
concentration during that day was 2Qfy/m?). Investigations of these high
concentrations are continuing with the national experts; An explanation of these
exceptionally high levels cannot be given here.

A summary of the maximum concentration measured at any of the repddimns
where exceedantef a threshold value is observed is presente@dch Member State
in Table 3. When no exceedances of a threshold have beemec: by a country this is
indicated with a dash (-).

As the number of monitoring stations differs widdhpm country to country, the
absolute number of exceedances is less suifablsomparison. Therefore, the concept

of “occurrence of eseedances” imbduced in earlier reports is presented here.
Occurrence of eceedances is defined as the average number of observed exceedances
per country, that is, the total number otegdances summed over all the stations of a

%In the Information document for Summer 1996 (Sluyter and van Zantvoort, 1996) an additional exceedance
was reported for the station Settignano in Firenze, Italy p(w?f‘ on 13-7-1996, 9.00). This observation
which was based on non-validated data, has not been confirmed in the annual reporting (observed 1h-
maximum concentration is 22)/nT).

% In this report exceedances are counted on a daily basis, that is, a day on which at least one- 1h- or 8h
concentration exceeds the threshold value, is marked as an exceedance.

14



country divided by the total number of reportirigt®ns. A summary of ocecrence of
exceedances is presented in Table 4. There are two additional reasons which hamper a
comparison between the Member States. Firstly, the locatommvent (in particular

NOx sources) influences the ozone levels; the differences between countries partly result
from the differences in the ratios of street, urban and rural stations.

Ozone monltering atatlons In the EU
Retaranca pardod: 1996

= Lrban stations
Background akalions

s Typaof stallon pthes/unspacified

Map prigiuced by the European Topic Centre on Air Quality

Map 1. Location of ozone monitoring stations as reported by Member States in the
framework of the Ozone Directive for the reference period 1996.

15



Table 3. Maximum ozone concentrations fig/nt) measured during a period of
exceelance of threshold values (reference period 1 January - &deidberl996). A
dash (-) indicates that nexceelances have been observed. For two member states no
data is available (na).

180 200 360 110 110 65
(1h) (1h) (1h) (8h-a)  (8h-b) (24h)

AT 224 224 - 201 210 185
BE 243 243 - 205 217 141
DE 269 269 - 198 222 183
DK 200 200 - 154 177 125
ES 335 335 - 258 232 210
FI 190 - - 161 158 146

FR na na na na na na
GB 242 242 - 197 227 182
GR 391 391 391 228 246 142
IE - - - 137 150 128
IT 371 371 371 237 232 166
LU 199 - - 177 174 152
NL 265 265 - 191 234 130
PT 275 275 - 151 186° 147
SE 210 210 - 182 185 166
EU-15% 391 391 391 258 246 210

(a) based on three non-overlapping eight hourly values between 0.00-8.00; 8.00-16.00;
16.00-24.00;

(b) based on the eight hourly value between 12.00 - 20.00;

(c) this value contradicts the maximum value reported for the moving 8-h average
concentration (16fg/n?, see Table 6);

(d) France not included.

Secondly, in four membetates20-50% of the reportingations show a data coverage

of less than 75%; this might result in an underestimation of the numbeceddances.

Full details on the number of exceedances at the individual stations is presented in Table
.1 of Annex f.

The longest period of consecutive days on which thresholds were exceeded and the
average length of an exceedance period are presented in T2kdes 1.3 of Annex I.

Table 5 summarises the number of days on which at least one exceedance has been
observed in a Member State. It is clear that the threshold vaiupratection of
vegetation is exceeded almost every day. Histograms based on aalaityof the

number of Member States with at least one exceedance are presented in Figure 2; note
that a systematic underestimation of the number of day<evfound due to data
missing from two Member States.

* Annex | is only available in computer readable form. In this report a description of the tables in Annex | is
provided. Upon request to the ETC-AQ a diskette containing the Annex will be made available (e-mail
addressfrank.de.leeuw@rivm.nl; fax + 31 30 228 75 31).

16



For each of the Member States, the lowest and high@st98- and 99.9-percentile
values observed at individual stations with a data-coveragé5% or more, are
presented in Table 6. In this table information on the maximum values is also included.
Note that the maximum 8-hourly concentration, as reported in Table 6, is based on a
moving average and may therefore differ from the values in Table 3 which are based on
fixed 8-hourly periods. Detailed information on the percentile values and maximum
concentrations observed at individual monitoring stations is given in Annex |, Table 1.4.

Table 4. Occurrence of exatsnces (reference period 1 January - 3&cBmber
1996);
n.a. = no information available.

threshold value (ipg/n?)

number of 180 200 110 110 65
stations (c 1h 1h 8h(a) 8h(b) 24h
AT 111 0.8 0.1 30.2 34.9 108.5
BE 23 1.6 0.5 16.7 17.2 38.3
DE 369 1.7 0.5 15.6 23.7 56.2
DK 6 0.2 0.2 7.7 12.2 88.0
ES 189 1.1 0.4 17.0 22.6 71.8
Fl 10 0.2 0.0 15.3 17.4 129.9
FR na na na na na na
GB 50 1.1 0.3 6.1 8.2 34.9
GR 15 10.6 7.5 36.1 60.4 89.5
IE 6 0.0 0.0 4.6 4.2 93.2
IT 52 7.5 3.5 29.9 28.5 29.8
LU 5 1.6 0.0 28.5 29.8 70.8
NL 38 2.6 1.2 5.8 12.0 27.8
PT 8 1.8 0.8 18.0 18.4 62.0
SE 6 1.0 0.2 18.2 18.5 159.8
EU-159 836 1.5 0.5 17.2 23.5 66.5

(a) based on three non-overlapping eight hourly values between 0.00-8.00; 8.00-16.00; 16.00-
24.00;

(b) based on the eight hourly value between 12.00-20.00;

(c) note that small differences in the number of stations reporting for each of the threshold levels
may occur,;

(d) France and Italy not included.

17



Table 5. Number of days with at least one edamee observed at the reporting
stations in a Member State. (reference period 1 January - 31 December 1996.

threshold value (ipg/m’)
180 1h  1108h(b) 65 24h
AT 19 147 363
BE 12 46 157
DE 37 162 361
DK 1 27 169
ES 60 217 366
FI 2 65 320
FR na na na
GB 12 45 266
GR 59 162 239
IE 0 12 252
IT na na na
LU 6 66 166
NL 12 30 120
PT 12 110 264
SE 4 49 287
EU-15% 126 248 366

(a) France and Italy not included;
(b) based on the eight hourly value between 12.00-20.00.

18
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Figure 2. Number of days as function of the minimum number of Member States where
at least one exce@nce of a threshold value has been observed (for example, on 151
days the threshold value of 1ﬂzg/n13 has been exceeded in at least 4 Member States);
period 1 January - 31 €cemberl996. Note that information is available for 13
Member States only.
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A further discussion on the reportedtafor 1996 is given in the following chapters.
Percentile values for previous years (1989-1996) have been reported by four Member
States and are briefly discussed in paragraph 4.5.

Table 6. Range in reported 50-, 98- and 99.9-petitemaluesand maximum observed
values (based on hourly and moving eight-hourly average concentrations) observed at
individual monitoring stations in Member States ﬂg/m3), period 1 January - 31
December1996. For France and Italy no information is available (na);ited
Kingdom (GB) did not submit statistical information on 8-h average concentrations.

1996 1h-P50 1h-P98 1h-P99.9 1h-MAX
range min max min max min max min max
AT 13 100 83 151 120 213 129 224
BE 22 49 105 136 159 222 168 243
DE 9 94 67 172 122 213 128 269
DK 45 59 102 116 144 164 151 200
ES 11 90 32 187 55 262 82 335
Fl 33 74 82 129 105 164 134 190
FR na na na na na na na na
GB 12 68 70 130 112 216 56 242
GR 20 62 87 164 116 301 157 391
IE a7 72 86 106 na na 124 173
IT 14 74 50 179 106 233 112 371
LU 14 61 77 145 118 183 130 199
NL 15 46 71 121 116 219 133 265
PT 7 94 24 137 62 175 105 275
SE 59 69 99 128 117 183 125 210
1996 8h-P50 8h-P98 8h-P99.9* 8h-MAX
range min max min max min max min max
AT 17 100 77 149 106 203 120 212
BE 23 49 95 134 147 192 145 228
DE 14 93 59 169 107 195 94 230
DK 45 59 98 113 126 161 134 177
ES 11 89 27 178 46 237 39 276
FI 34 74 75 126 99 159 111 164
FR na na na na na na na na
GB ? ? ? ? ? ? ? ?
GR 23 64 80 148 105 231 115 258
IE a7 73 80 103 na na 117 155
IT na na na na na na 120 219
LU 17 61 70 141 102 169 119 179
NL 16 47 65 111 107 199 112 234
PT 14 93 56 135 95 159 55 169
SE 58 69 99 125 115 175 124 192

* additional information submitted on a voluntary basis
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4. DISCUSSION

4.1 Geographic coverage of monitoring stations

For 1996 information from 836tations was receivedfor nearly all of them
geographical coordates are available. For the interpretation of ozone data it is essential
to have an indication of the direatrsoundings of thetation as the ozone concentration
may be strongly influenced by local conditions. For example, the ozone concentrations
may be scavenged by locally emitted nitrogen oxides or by enhangeabbposition as

might be the case under a forest canopy; see Annex Il for a brief discussion on ozone
phenomenology. For nearly all stationgformation onimmediate agrroundings is
available.

Based on the information suliteid on station type and characteristics, Figure 3 shows
the partitioning between background (or rural), urbamestand other stations in each

of the Member States. Within theubpean Union thetation classification varies
strongly: from only rural tations (Sweden) tobmut 50% urban tations (Denmark,
Greece, Germyy). A relatively large number of stet stations is located in Luxeourg

and Spain. There are, however, clear indications that the classification of stations is not
uniform over the Membert&es. Based on the phenomenology of ozone (see Annex II)
one expects that ozone concentratidmsugl cluster at low (street), medium (urban)
and high levels (rural); the correspondingN@ncentrations should cluster in reversed
order. Although this tendency is shown (see Figure 4), there is a considerable overlap
between the sets of stationsformation on NQ concentrations will be heful to
validate the station classificati. For alimited number of &tions (7 Member States, 73
stations) both NQand ozone statistics are submitted. Figure 4 shows the relation
between the yearly average Nénd the ozone 50-percentile value. The clustering in
stations is noted here; this type of graph could gdigher harmonisation on
classificaton. Further work on clasgifation of station is beingndertaken by ETC-AQ

in co-operation with DGXI of the European Commission.

classification of ozone stations
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Figure 3. Classification of ozone stations according to their directosurdings as rural,
urban, or street station; ‘other’ indicates both other station types (e.g. in industrial
areas) and stations for which no information of station type is available.
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Map 2 shows the location of backgnd monitoring w@tions. Tentatively, the area for
which the measurements at these stations are assumed to be representative is indicated
with a circle using a radius of 100 km. This “radius of repregaeness” might be
different for the various regions in Europe - it might even depend on the watdiaiir -

and should be based on more detailed analysis of the ozone phenomenology at the
stations. Although the identifation of the backgund sations is fafrom compéte and

the radius of representativeness may diffem the assumed 100 km, Map 2 suggests
that the present set of stations covers 48084 of the land area of the EU. As is shown

in Map 2 the geographical coverage of backgrouatiosis is rather adequate in North-
West Europe but in other regions (e.ge€se) gaps are noted; d&va France and Italy

are lacking but based on the informatiogceived for 1995 (delLeeuw and van
Zantvoort, 1996), it is assumed that coverage by background stations is inadequate.

It has been attempted to quantify the coverage of the monitoring statianmban areas

as is relevant for population exposure. According to information obtained from the
Eurogat population @tabase, there are in the Ehbat 2000 cities with more than 25
000 inhabitants. It is estmted that from a total EU population of about 36iflion,

about 195 million people live in these cities with more than BB0 inhabitants.
Summation of the number of inhabitants of all the cities in which at least one ozone
station is operational and has beeported to the EC in 1996, leads to a total of
approxinately 65million. Hence for only 32% of the total urban population (equivalent
to 18% of the total EU population) can an estimate of ozone exposure be made.

Although the uncertainties in the clagsifiion of the present set of stations (e.g. the
representative radiusr the urban and set stations isinknown) preclude any firm
conclusion, it is clear that the set of urbaatiens in the national netwks is not
representativdor the total urban population in the EU. Conclusions concerning the
exposure of urban population to high ozone levels should therefore be seen as tentative.
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Figure 4. Relation between yearly averagexNOncentration and ozone 50 percentile
values at a limited number of stations ( period 1 January -31 December 1996).
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Ozone monltoring atatlons In the EU
100km-hultar of hackground siations
Raferance period: 1996

Map produced by the European Topic Centre an Air Quality

Map 2. Location of background ozone monitoring stations. Tigetg the area for which the
0zone measurements might be representative is indicated with a circle with a radius of 100
km
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4.2 Annual statistics, 1996

The geographical distribution of 98-percentile values catedl on the basis dfourly
concentrations is presented in Map 3 for backgrotatioas and in Map 4or urban,
street and other stations.

Similar to the observations in previous yearsl{(deuwet al., 1995; dd_eeuw and van
Zantvoort, 1996) the 98-percentiles at backgrouations show in general low values in

the Scandinavian countries, and an increase from North-West to Central Europe. In
particular for the tations in Austria, the elevated location of the monitoring stations may
play a role. Similar @tterns have been estimatetdm measurements made within the
framework of EMEP (Hjellbrekke, 1996). However, the relatively low values observed
in the EMEP data over the Iberian peninsula are not in agreement with the present
observations which might be caused by differences in year, in averaging period and in
the set of reporting stations.

For urban and ‘other’tations (Map 4) no large scale concentration gradient in 98
percentiles is recognized; high values are observed all over the continent. The local
conditions (attions downwind of therban area relatively high ozone values might be
observed whereas at stations with yN§durces, such as traffic, in their immediate
surrounding relatively low ozone levelslivibe measured, see Figure 4 and Annex II)
appears to be more important than European-wide smog episodes.

The 98-percentile values based on moving eight-hourly average concentrations show a
strong correlation with the hourly 98-percentile: on average, 8-h percentiles are about 7
ug/m3 lower than the corresponding 1h value. However, this relation depends on the
type of the stations, see Figure 5; a comparison with previous years also shows that the
ratio of 1h and 8h 98-percentile values hasetewrological dependence. The overlap
between the ranges spanned by the observations at the three classes of stations suggests
that the classification scheme neé&dsher harmonisation. The geographical distribution

of the 8-h percentile values is verimgar to the distribution of thel-h percentile

values.
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Map 3. 98 perceiles (based on hourly concentrationsyg/ms) measured at
background stations, period 1 January-31 December 1996.
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Map 4. 98 percetiles (based on hourly concentrationsg/nt) measured at urban,
street and other stations, period 1 January-31 December 1996.
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Figure 5. Relation betwee®B-percetiles values based ohourly concentrations
and 8-hourly concentration at all reporting stations (pg/m3; 1 January-31
December 1996).
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4.3 Exceedances of thresholds in 1996

4.3.1 Exceedances of the threshold value for protection of human health

The threshold value for piection of human healtfi 10pg/m’) is based on eight-hourly
values. According to the Ozone Biative, four eight-hourly periods have to be
considered: 0.00-8.00; 8.00-16.00, 16.00-24.00 and 12.00-20.00. Based on the average
diurnal profile of ozone (see Annex Il) the highest eight-hourly values are generally
expectedor the 12.00-20.00 period; only eedances of the threshold valdesthis

period have been considered here.

No clear definition of the time reference (local time or universal time, summer- or winter
time) is given. This might lead to inconsistencies between the Member States. The
differences between the maximum concentrations quoted for the 8-h concentration
between 12.00 and 20.00 (Table 3) and for the moving 8-h average concentrations
(Table 6) indicates that smaltrers might be introduced by the ambiguity on time
reference.

In 1996 exeedances of this threshold value have been observed inpalitimg
countries. In five Member t&es maximum concentrations exceeding twice the
threshold value have been observed (see Table 3).

Figure 6 shows the frequency distribution of eight-hourly ozone concentrations in excess
of the threshold value using so-called Box-Jenkins plots.eBoh Member State the
Box-Jenkins plot indiates the minimum (here the minimum is oficse 11mg/m3), the
maximum, the 25 percentile and the 75 percentile value of the concentrations during
exceedance. Alibugh extreme peaks of more than 21(an3 are observed in seven out

of 13 reporting Membert8&tes, Figure 6 shows that, in each Member State, less than
25% of all exeedance concentrations atmee 165ug/n’ (that is, above 150% of the
threshold value).

The geographical distribution of the number of days the threshold value was exceeded is
shown in Map 5 for backgroundasions and in Map 6or urban, steet and other
stations. A comparison of Map 5 and 6 shows that exceedances are more frequently
observed at rurakations. This is also demonstrated more clearly in Figure 7 where for
each station typéural, urban and stet stations) the average number of exceedances is
plotted. The average occurrence ofexdances generally decreases inotider rural -

urban - steet. Note that ‘other’ stations and statidos which the type has not been
specified have been excluded from Figure 7.

Of the total EU urban population, about 658lion people live in cities with one or
more ozone monitoring stationgpa@ting in the framework of the Ozone Bative. The
number of days on which this population is exposed to ozone levededirg the 110
ug/m3 threshold values ranges from zero days (for 12% of the population, see Figure 8)
to more than 50 days (for 6% of the population). The majority (72%) of city dwellers in
1996 is exposed to ozone levels exceedingul6r during 1-25 days.

These results should be intezpgd with great care. The observations at the present set
of urban gations might not be representatfee the total urban population; only 32% of
the urban population lives in a city “covered” by an ozone monitotiatos, and
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information on urban situation is scarce or even lacking in some Mertdies §in five
Member States the number of operatiaméan or seet monitoring stations is three or
less). Although more quatdtive conclusions eaot be drawn at this stage, it is likely
that a substantial fraction of theban population is frequently exposed to high ozone
levels. Increases in mortality and in hospital admission for chronic obstructive
pulmonary diseases are to be expected (Andexsah,1997; Sartor et al1997; Beck

and Krzyzanowski, 1997).

In rural areas the number of@edances is higher thanurban regions, see Figure 7. It
Is estimated that in more th&%% of the area for which information is available (see
Map 2) the threshold value is exceeded at least on one dagom. Whenrural
populationis defined as the population living ifllages and cities with less th&%,000
inhabitants, a total rural population of aboutr8flion lives within the assumed radius
of representativeness df00 km around ruraltations. The fraction of theural
population which is not exposed to 8h ozone levetzedingl10 pg/m3 is less than
2%; slightly less than half of the rural population (aboutdlBon people) is gposed to
high ozone levels on more than 25 days. Similar to Figure 7, Figure 8 deashemsire
higher exposure of the rural population.

Exceedances most frequently occur in the summer months (May-August). In the winter
months (January-March and Septembec@mber) exceedances have been observed
very occasionally.

8h values (12.00 - 20.00 h) > 110 pg/m*
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AT BE DE DK ES FI FR GB GR IE IT LU NL PT SE
#ex 3873 396 8721 73 4114 157 na 403 664 25 na 149 455 129 111
#st 111 23 368 6 182 9 na 49 11 6 na 5 38 7 6

n.a = number of exceedances not available

Figure 6. Frequency distribution of ozone concentrations (eight-hourly values; period 12.00-
20.00;
1 January - 31 December 1996) in excess of theytyl®-threshold for hourly values. For each
country the total number of observed exceedances is given in row ‘#Ex’, the number of stations is
given in row #St'. Frequency distributions are presented as Box-Jenkins plots indicating the

8h average O3 (ug/m3)
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occurrence of exceedances averaged per subset of station types
110 pg/m® (8h, 12:00-20:00)
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Figure 7. The occurrence of excieces of the threshold value for protection of human
health (110/Jg/m3 for eight-hourly values, period 1 January - 3&d@mberl996) averaged
over all reporting rural, urban, and street stations.
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Figure 8. Number of excdances (in days) and frequency distribution of urban and rural
population exposed to eight-hourly concentratianseedingl110 ug/r’r13, 1 January-31
Decemberl996. Note that information on ozoerceelances which has been made available
within the framework of the ozone directive, is estimated to be representative for a total
urban population of 65.5 iflion (that is, about 32% of the EU population living in cities
with more than 25 000 inhabitants and 18% of the total population in the EU) and for a total
rural population of about 90 million.
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Map 5. Number oéxceelances of the threshold value for protection of human health

(110 ug/m3 for eight hourly values) observed at background stations; 1 January-31
December 1996; eight-hourly average values for the period 12.00-20.00.
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Ozone (elght-hourly values)
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Map 6. Number oéxceelances of the threshold value for protection of human health

(110 ug/m3 for eight-hourly values) observed at urban,estrand other stations; 1
January-31 December 1996; eight-hourly average values for the period 12.00-20.00.
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4.3.2 Exceedances of the threshold values for information and warning of
the population

The threshold value for warning of the population (Wm3, hourly value) was
exceeded irll996 on 21 May at twotations in Athens, Greece: Liosia and riglasi.

This episode is an example of ‘local’ ozone episodes in the Mediterranean region. Other
stations in Athens or in its close vicinity reported exceedances of both the 1h - 180
Hg/m® and 8h - 11Qug/m’ threshold values on this day; no other Member Staterted

an exceedance of the threshold of .’p@(IInS for this day.

The geographical distribution of the number of exceedances of the threshold value for
information of the public (18(]Jg/m3, hourly value) is presented in Map 7 for
background tations and in Map &r urban, steet and other stations. Exceedances are
reported for 12 Membert&es:from France and Italy information is lacking and only in
Ireland was the 18pg/m3 level not reached.if@ilar to the exeedances of the threshold
values of 8-hourly average concentrations, the threshold values for public information
occur more frequently at rurabgions than at urban or sgt stations. Fairban gations

an overview of the number of exceedances weightedrdiog to the population of the

city, is presented in Figure 9. From these limitadiad it appears likely thabaut 60%

of the urban population and about 80% of the rural population are exposed to ozone
concentrations exceeding lﬂg/m3 for one or more days.

Figure 10 shows the frequency distribution of concentrations in excess of the threshold
value for information. Although inci

dentally the threshold value may be exceeded by more than a factor of two, in almost all
of the cases the exceedances are less extreme: Figure 10 shows that in nearly all
Member States oii5% of the days on which the threshold value waseded, the

urban population rural population
5-10 days 5-10 days
6% 2% 0 days

Figure 9. Number of excdances (in days) and frequency distribution of urban and rural
population exposed to hourly ozone concentratierseeding180 ,ng/I’T'F, 1 January-31
December 1996

level of ZSOug/m3 (that is 150% of the threshold value) was not reached.
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Exceedances are obsenading a large part of the year, starting in spring (22-24 April,
exceedances in Germany and Austria) but occur most frequently and geographically
most widespread during the summer months. Figure 11 shows the scaled total number of
exceedances (summation of aoence of egeedances over Member States) per day.
The most wide-spread episode was on 5-7 June (see the discussion in Sluyter and van
Zantvoort, 1996). Although in Figure 11 a awtion is madeor the differences in
network density in the Membeta®es, it is still difficult to estimate the geographical
extent of an episode: a scaled value of one might imply that on all stations in one
country an egeedance is observed but it also might indicate that in 10 Member States
on 10% of the tations an exceedance is observed. For example, the two days with a
scaled number of exceedance®af - 0.75 ( 8 and 22 July) have a different eloter:

on 8 July the episode was ‘local’ with more than 60% of the Griiorss having an
exceedance whereas on 22 July in six Member States a relative small number of stations
showed an exceedance.

1h values> 180 pg/m?
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#ex 94 37 613 1 212 2 na 53 138 0 na 8 100 14 6
#st 111 23 369 6 189 10 na 50 13 6 na 5 38 8 6

Figure 10. Frequency distribution of ozone concentrations (hourly values; 1 January - 31
Decemberl996) inexcess of th&80 ug/mS—threshoId for hourly values. For each country
the total number of observed exdances is given in row ‘#Ex’, the number of stations is
given in row#St’. Frequency distributions are presented as Box-Jenkins plots indicating the
minimum, the 25-Percentile, the 75-percentile and the maximum value.
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scaled number of exceedances
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Figure 11. Scaled total number ekceelances (summation over all Member States of
the occurrence of excdances) of the ozone threshold value for information (180

pg/nt);
1 January - 31 December 1996.
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Map 7. Number ofexceelances of the threshold value for information of the

population (18()ug/m3 for hourly values) observed at background stations;1 Janruary
31 December 1996.
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Map 8. Number ofexceelances of the threshold value for information of the
population (18()ug/m3 for hourly values) observed at urban,esttand other stations;
1 January-31 December 1996.
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4.3.3Exceedances of the daily threshold value for protection of vegetation

As Table 4 shows, exceedances of the daily threshold qigﬁ’ﬁ3 were frequently
observed in all reporting countriegsafons where the threshold was exceeded on more
than 100 days in 1996 are located all over the EU. The geographical distribution of the
number of exceedances of the daily threshold is presented in Map 9 for the background
stations. In Map 9 an attempt has been made to quantify the area where exceedances
are observed. For the backgroutatisns a representative radiusl®0 km is assumed,

see also Map 2. When the “representative areas” of two or more stations overlap, the
number of exceedances in this location is estimated by a distance-weighted
interpolation. In a negligible part of the total area “covered” by the rtaabss (1 440

000 krﬁ) the 65pg/m3 level is not exceeded. 3% of the area the G,Eg/m3 level is
exceeded on-75 days; in 47% of the area on 76-150 days and in 31% of the area on
more than 150 days. Egedances on more thaB0 days are reported both by northern

and southern Member States (see Map 9).

Figure 12 shows the exposure classes in relation to landati@eAdsuming al00 km
representative radius tharcent set of ruraltations is estimated to cover about 40% of
forests and about 50% of arable land on the average; within the EU-15 large differences
in coverage between the Member States are observed (Beck and Krzyzah®@gki,

For the majority of the areas covered by the three land-use typesaedarce on

more than 75 days is observed.

exceedance in rural area per land-use type
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Figure 12. The occurrence @xceeances of the threshold value for protection of

vegetation (6~'~',ug/m3 as daily value; period lahuary - 31 2cemberl996) averaged
over all reporting rural, urban and street stations.

For exceedances of a daily average conceatrathe differences between rural and
urban gations are mor@ronounced than is the case for hourly concentrations. In urban
areas the low concentrations during the night (caused byati@m with NQ emissions)
reduce the daily average concentrations; in rural areas the decrease in ozone
concentrations during the night is generally less strong. In NW Europe, however, the
high NO, emission density might cause also some quenching of ozone at rural sites
which explains the relatively low number of exceedances in this region compared both
to North and South Europe.
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Figure 13 shows the frequency distribution of daily values in excess qugﬂsﬁ?’.
Although extreme values of more than 200 Lf’géma observed, in nearly all Member
Statedor 75% of the egeedances the daily average concentration falls between 65 and
98 ug/m3 (that is 150% of the threshold value). Although theeexiances are most
frequently observed in the period March to September, daily values abtptgén67’5are
observed in all reporting Membeitates alsoduring the winter months (January-
February and October-December 1996).

24h values > 65 pg/m?
225

205 1
185 +
165 +
145 +
125 +

105 +

oooly gls Ugha

AT BE DE DK Fi FR GB GR [E m LU NL PT SE

24h average O3 (ug/m3)

AT BE DE DK ES Fl FR GB GR IE IT LU NL PT SE
#ex 12046 880 20748 528 13001 1299 na 1677 1342 559 na 354 1056 372 959
#st 111 23 369 6 181 10 na 48 15 6 na 5 38 6 6

Figure 13. Frequency distribution of ozone concentrations (24h values; 1 January - 31
Decemberl996) in excess of the 6@/m3-threshold for daily values. For eaclountry the

total number of observed excamces is given in row ‘#Ex’, the number of stations is given
in row ‘#St’. Frequency distributions are presented as Box-Jenkins plots indicating the
minimum, the 25-Percentile, the 75-percentile and the maximum value.
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Ozone (dally values)
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Map 9. Number oexceelances of the threshold value for vegetation (@rﬁ for
daily values) observed at backgmnd stations; 1 January-31d2emberl996. Data is
interpolated using inverse distance weighting and a cut-off distance of 100 km.
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4.3.4 Exceedance of the hourly threshold value for protection of vegetation

Exceedances of tHeourly threshold values for piection of vegetatioi200 ug/mg) are
reported by 10 Member States; no exceedances were observed rid Firddand and
Luxembourg, see Table 4. The geographical distribution of the number of days on which
this hourly threshold value was aeeded is presented in Map i@ background
stations. The map shows thratighly above 60N this threshold value was not exceeded

in 1996; most frequently ereedances are observed in Endla Belgium, the
Netherlands, Germany and Austria; In Luxembourg the maximum 1h concentration was
just below the 20(uglm3 threshold level. On the Iberian Peninsula only a limited
number of exceedances has been observed.

In 56% of the rural regions whereatd from represetative monitoring stations is
reported (see Map 2) no exceedances o26fug/m’® threshold value were observed;

in 44% of the area an egedance is observetliring 1-5 days whereas @eedances

during more than 5 days were observed at one rtaabis only For the various land-

use classes in 56%, 41% and 31% of the area covered by arable land, broad-leaved
forest and coniferous or mixed forest, resfively, the vegetation isxposed to ozone
concentrations above the threshold during 1-5 days. Higher numbeceddances (up

to 26 ) were observed at urban/street stations.

The frequency distribution of exceedances of hloeirly threshold are presented in
Figure 14. For about 75% of theamedances the ozone levels fall betw2@® and 275

3
pg/m-.

1h values > 200 pg/m?
400

380 +
360
340 +
320
300 +
280 +
260 -

1h average O3 (ug/m3)

240

220 + I:::I E] |;:| J']
200 + + + + + + + + + + + + + +
AT BE DE DK

ES Fl FR GB GR [E T LU NL PT SE

AT BE DE DK ES Fl FR GB GR IE IT LU NL PT SE
#ex 14 11 177 1 84 0 na 13 83 0 na 0 46 6 1
#st 111 23 369 6 189 10 na 50 11 6 na 5 38 8 6

Figure 14. Frequency distribution of ozone concentrations (hourly values; 1 January - 31
Decemberl996) inexcess of the00 ug/n-threshold for hourly values. For each country
the total number of observed exdaaces is given in row ‘#Ex’, the number of stations is
given in row ‘#St’. Frequency distributions are presented as Box-Jenkins plots indicating
the minimum, the 25-Percentile, the 75-percentile and the maximum value.
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Map 10. Number oéxceelances of the threshold value for vegetation (;agon3 for
hourly values) observed at background stations;1 January-&ddberl996. Data is
interpolated using inverse distance weighting and a cut-off distance of 100 km.
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4.4 Summer smog episodes in 1996

A first analysis of the episodes during summer 1996 has been presented by the ETC-AQ
(Sluyter and van Zantvoort, 1996). Figure 15 gives a graphical repmteanof the
percentage of stations in every Member State thdrteexceedances of theopulation
information threshold value. From this figure and from information presented in Chapter
4.3 it is clear that the number of episodes covering extended areas of the territory of the
EU was small. One of the most widespread episodes occurred on 5-8 June 1996. Map 11
gives an overview of the maximum 1h-average ozone concentrations observed on 7 June
1996. A more detailed discussion on this episode is presented by Sluyter and van
Zantvoort (1996).

Number of stations with 38-52_2‘6/(%

1h exceedances of 1§9g/nT ﬁggzzgg@/(
SE +
PT © +H+——0 +
NL c o+ + o+
LU 100 +
IT
IE
GR +—+H—+H+—+—-+Ho++—+ +© +H—+00—oHOHOAF +—o—++
GB +H+ +++ HH
FR
Fl +
ES +—+H——+—H H+—HHHHHHH +—H +—+HHHHHHHH
DK +
DE + HH—HHOHH—H+ +H ——HH—HH
BE @ +H HHo—+
AT - +

May | June I July

Figure 15. Qualitative overview of exasmces of the 18()1g/m3 population
information threshold value (1h) during the period May - July 1996. The symbols
represent the percentage of stations in a country which reports at least one
exceedance of the threshold during a particular day.
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Example of a amog epleode
Mavimum houry concentration
Date: Juns 7, 1996

valuea In pg/m’
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® * 3N}

Map produced by the European Topic Centre an Air Quality

Map 11. Example of an ozone smog episode: hourly ozone concentratextess of
180;Jg/m3 as measured on 7 June 1996.
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4.5 Data reported for 1989-1996

Trends in 0zone concentrations are expected to fesuoittrends in precursor emissions

in Europe and from the increasing trend in hemispheric background ozone
concentrations (Borrell and van den Hout, 1995). The magnitude and even the sign of a
possible trend might differ from dation to locatn. In a study of trends in
concentrations of ozone and related species in the Netherlands abyg ceantries
Roemer (1996) concluded that the ground level oxidant (sum of ozone ag)d NO
concentrations have decreased significantly in the Netherlands from 1981 to 1994 with
an average decrease of about 1% per year. For Germany a slightly downward (in the
northern part) or slightly upward (in the southern part) trend was noted but probably
none of these trends is significant at the 95% confidence interval (Roemer, 1996).

The time series reported in the framework of the ozorectiwe are toolsort (1994-

1996) to give conclusive answers on an ozone trend in the whole of the EU. However,
for various Member tates data reports are available for years prior to 1994: for Austria
over the period 1993-1996, for Denmark and Finland information for 1992-1996 is
available. For the period 1989-199&td reports are available for four Membetags
(Belgium, Luxembourg, the Netherlands and United Kingdom), see Figure 16. In a
discussion on the time series of 50 and 98 percentile, the reader should be aware that the
network (number and dation of stations, measuring rhetd etc.) might have been
changed during the years. The minimum and maximum valugéeglm Figure 16 do

not necessarily refer to the same station.

The year-to-year variations in 50-percentile values are relatively smallp@rﬁ’ on a
P50-value in the range of 14-@@/m3) when compared to the variations in the 98
percentile values (a variation of 11-[l§/m3 for P98-values ranging from 76-1{1[!@/m3,

see Figure 16). Peak values of ozone are strongly atgdelvith temperature mainly
because theaonditions leading to high temperatures (e.g. strong solar radiation, low
wind speeds, continental flows) also trigger photochemical formation. Meteorological
fluctuations may cause variations in peak ozone levels that are much larger than the
variations due to changes in precursor emissions. A yearly fluctuation of about 15% in
98-percentile value is not exceptional. The agaed time series given in Figure 16
give a picture which is too scattered to detect any possible tremdundylevel ozone
concentrations.

At the level of the individual stations a possible trend in ozone levels is examined using
the non-parametric Mann-Kendall test (Gilbert, 1987). Only thtesgossfor which
datafor at least the five years are available have been included in the tests. Table 6
summarises the results for trends in 50 and 98 percentile values. Althoughtatons s
show a significant trend, no clear picture for a country or region emerged. Only for the
Netherlands is there a clear tendency of a downward trend in the 98-percentile value.
This trend, however, mainly results from the high levels observed in 1989 and 1990.
Over the period 1991-1996 only threat®nsproduced a significant downward trend.
Furthermore at the end 1990/beginning 1991 a new ozone monitor was introduced in the
Dutch network (RIVM, personal commuaition). These dta therére require further
analysis. It is not known to what exteningar changes in monitoring actice has
influenced the results in other Member States.
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Table 6. Trend estimates for 50- and 98-petitervalues for indivilual stations in
Belgium, United Kingdom, Luxembourg and the Netherlands; period 1989-1996.

member state number of stations (1) slope range
(pg/m3 per year) (2)

50-percentile

BE 5 (1,0 0115
GB 19 (3,1) 0.7 o 17
LU 2 (0,0) 02 1.0
NL 29 (2,9) 18 15

98 percentile

BE 5(1,0) -6.0 - 2.7
GB 19 (0,1) -6.0 - 0.7
LU 2(1,0) 3.6 - 5.2
NL 29 (0,17) -6.3 - 5.0

(1) in parentheses the number dat®ns with a significant upwd, resgctively
downward trend (at am = 0.10 significant level) is given;

(2) range in estimied annual trends; results faations where no significant trend was
observed are included in the range estimate.
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P50 Luxembourg P98 Luxembourg
100 200
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100 +
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0 : — — 0 —t —
89 90 91 92 93 94 95 96 89 90 91 92 93 94 95 096
P50 Netherlands P98 Netherlands
100 200
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100 +
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0 : — — 0 — —
89 90 91 92 93 94 95 96 89 90 91 92 93 94 95 96
P50 United Kingdom P98 United Kingdom
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40 1
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0 t t t t t t t 0 t t t t t t t
89 90 91 92 93 94 95 96 89 90 91 92 93 94 95 96

Figure 16. Range in reported 50-pertiém values (in ug/n13, based on hourly
concentrations) and 98-percele values (inug/m3, based on hourly concentrations) in
Belgium, Luxembourg, the Netherlands and United Kingdom in the period 1989-1996.
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4.6 Preliminary survey of exceedances in Italy

Information on ozone e&eedances was receivéat 52 Italian ations (for 1995: 68
stations). The coverage bdtr the land area and for the (urban) population isetqd

to be insufficient (5 backgroundasions, 22urban gations). The data were received at a
very late stage and were in general inconsistent with the a@weedts. Hence it has
not been possible to include the Italian data in all sections of th@treAs far as
possible the data have been included in the overview T8besA complcation with
the presented data is that only 13 of the 52 stations have a data-cover&gé of
more. Furthermore, a number of stationpomt only cita over the period July-
December. Thidimits comparison of the Italian situation with the situation in other
Member States or in previous years.

The preliminary dta indicate that the threshold valuesfsetthe praection of human
health and the threshold values set for thegmtmn of vegetation were exceeded
frequently and substantially in Italy. The threshold value for information of the
population was exceeded during at least 86 days being the highest frequency in the EU.

During the smog episode presented in Chapter 4.4 frequent violation of theg&§0
threshold value was observed indicating that this episode imi&d to NW-Europe
but has a geographical extent to Southern Europe.

Acknowledgements
The authors are indebted to Herman Hootsen for the cartographic contributions and for
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Note added in proof.

As a member of the EEA, Norway submittedormation on ozone eeedances to the
Commission following the requirements and formats of the Ozonectdie. The
Norwegian datdor the year 1996 wa®ceived by ETC-AQ on 29 Septemd&97; it

was not possible to include these data in the analysis presented here. Howemwey a s

of the data showed that the Norwegian situation with respect to air pollution by ozone is
similar to the situation in the other Scandinaviaordries. The dta may be summarized

as:

e Norway submitted data for 15 monitoring stations (14 rural, one urban station);

e observed maximum 1h concentration is mﬂm3; maximum observed 8h average
concentration is 15|Zg/m3;

e exceedances of the threshold value of [15[0n3 has not been observed,;

e the threshold value of 110;1Lm3 for 8h average concentrations (time period 12.00 -
20.00) has been exceeded 130 times (on average 8.7 times per station);

e the threshold value of 6|5g/m3 for daily values has been aeededl883 times (on
average 126 times per station).
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5. CONCLUSIONS AND RECOMMENDATIONS

1. Data for 1996 were received by the European Commission from 14 Member
States.
13 Member Stateprovided information on ozone concentrations for a total of
836 monitoring wations. Italyprovided information tooalte to be included fully
in this report. From France no information was received.

2. The spatial coverage and quality documentation of the data need further
improvement.
Depending on the local situation, the ozone monitoriagas are characterized
as rural, urban, stet or other (e.gndustrial). Further work on a harmonized
classification system is needed.
The present subset of ruréasons is not representative for the land area of the
EU: the subset is estimated to cover atly50%. The subset of urbatasons is
insufficient to estimte the exposure of the population living in all cities with
more than 25 000 inhabitants: the urban subset covers at most 30% of the urban
population.
Spatial coverage and documentation of the monitoring data quality need
improvement if the level of ptection of human health and ecosystems in
Europe to eleated ozone levels is to be fully assessed. Member States are
encouraged to reconsider their ozone measuring networks in the light of the
spatial coverage of ozone monitoring stations. It is recommendegtovienthe
documentation on the representativity and on tineoanding of the existing
stations.

3. The threshold value set for the protection of human health was exceeded
substantially in all Member States.
The threshold value of 110 ug°7r(8h-average) was egeded substantially (in
about25% of the reported eredances th@h-average concentrationscereded
165 pg/m3). The subset of urbamagions is assumed to give representative values
for the exposure of an urban population of apprexety 65million people. 12%
of this population (7.8nillion people) is not ¥posed to ozone levels exeding
the threshold whereas 6% (3r8llion people) is gposed to exceedancdaring
more than 50 days. The number of days with at least one exceedance observed
at the reportingtations within a Member State randesm 12 (Ireland) to 277
(Spain).

4. The threshold values set for the protection of vegetation ave exceeded

substantially and in almost all EU Member States.
The threshold value of 65 ug?n(24h-average) is reported to have been

exceeded substantiallppy up to a factor 3), widely (in all reporting Member
States) and frequently (several Member Statpsrteexceedanceduring more
than 150 days at some of thd@tsoons). Exceedancelsiring more than 150 days
are estimatetbr more than 31% of the area for which the subset of background
stations rport represetative values. The threshold value 200 ug/rﬁ (hourly
average) is exceeded largely and widelyp@reed by 10 (out of 13) Member
States) on a limited number of days.

49



The threshold value for information of the population was exceeded in
almost all EU Member States during a limited number of days.

Exceedance of theformation threshold value of 180 uﬁll(ri h average) was
reported for wtions in 12(out of 13) Member tates. For two stations an
exceedance of the warning level of 360 p39(mh average) was reported.

It is recommended to improve the reporting of ozone precursors (N NO>

and VOC).

NOx measurements should be codted with the ozone monitoring stations as
NOx can be used as an indicator of the station representativeness. Moreover,
precursor concentrations will be neededtesting of compliance with VOC and

NOx emission reduction programmes.
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ANNEX |. Observed Exceedances and Wnual Statistics
Observed exceedances of ozone threshold values anmthaal satistics in 1996 at

individual monitoring stations reporting in the framework of the Council Directive
92/72/EEC on air pollution by ozone.

Information on ozone eeedances and concentratiofts the individual #ations
reporting in the framework of the Ozone &itive over the period 1 Januat996 - 31
Decemberl996 is available in computer readable form only. Upon request atteisk
containing the following tables is available:

Table 1.1:Number of days on which egedances of threshold valud80 pg/m’® and
200 pg/m3 for hourly values; 110 g;lm3 for 8-hourly values and 65@|/m3 for
daily values) were observed at reporting monitortagiens; period 1 January
- 31 December 1996.

Table 1.2: The longest period of consecutive days on whicteedances of threshold
values were observed at reporting monitoritegisns; period 1 January - 31
December 1996.

Table 1.3: Average length (in days) of periods of consecutive days on which
exceedances of threshold values were observed pairtireg monitoring
stations; period 1 January - 31 December 1996.

Table 1.4: Annual mtistics (percentiles and maximum values)hourly and moving
eight hourly ozone concentrations for reporting monitoritgtians; all
concentrations iI]Zlg/mS; period 1 January - 31 December 1996.

Table 1.5: Annualtistics (averaged0-, 95- and 98- percentile values) of hourly,NO
concentrations for reporting monitorintagons; all concentrations 'ng/m3;
period 1 January - 31 December 1996.

Table 1.6: Annualtatistics (averaged0-, 95- and 98- percentile values) of hourly NO
concentrations for reporting monitorintagons; all concentrations ag/n’;
period 1 January - 31 December 1996.

Table 1.7: Annual mtistics (averaged0-, 95- and 98- percentile values) of daily VOC

concentrations for reporting monitorintagons; all concentrations 'ng/m3;
period 1 January - 31 December 1996.
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Notes to the Tables

Table I.1
Exceedances of the threshold value of Bg(ms for hourly values has been observed in
1996 at 2 stations:

country station name & city | date, time max conc jig/m’)
Greece Liosia, Athens 21 May 1996, 14.00| 391
Marousi 21 May 1996, 13.00| 361

In Table I.1 it is also indated when no exceedance(ohe or more) threshold values
was observed at the stai This information has not been sutied by the Member
States and is inferretfom the available ata. In cases where thaformation was
insufficient for an unambiguous answer a “?” is printed.

Explanations of headings of Table I.1:

column name explanation
1 codcou country code;
2 staname name of monitoring station;
3 incod code number of monitoring station;
4 ville city where station is located;
5 180 (1) number of days on which the 186/m® threshold values for 1h

average concentrations has been exceeded;

200 (1) number of days on which the 206/m® threshold values for 1h

average concentrations has been exceeded;

7 110 (8a)  number of days on which the 1[]1@/m3 threshold values for the non-
overlapping 8 hourly values between 0.00-8.00, 8.00-16.00 and 16.00
and 24.00 has been exceeded;

8 110 (8b)  number of days on which the 1§/m’ threshold values for the 8
hourly values between 12.00-20.00 has been exceeded;

9 65 (24) number of days on which the §§/m’ threshold values for the 24
hourly values has been exceeded,

10 % lhval percentage of valid 1h averaged values.

(o3}

Table 1.2:
Explanations of headings of Table 1.2:

column name explanation

1 codcou country code;

2 staname  name of monitoring station;

3 incod code number of monitoring station;

4 ville city where station is located;

5 180 (1) longest period (in days) during which the 3189m’ threshold values

for 1h average concentrations has been exceeded;

200 (1) longest period (in days) during which the Zﬂyms threshold values
for 1h average concentrations has been exceeded;

7 110 (8a)  longest period (in days) during which the fulglm3 threshold values

(o)}
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8

9

10

Table 1.3

110 (8b)
65 (24)

% 1h val

for the non-overlapping 8 hourly values between 0.00-8.00, 8.00-16.00
and 16.00 and 24.00 has been exceeded;

longest period (in days) during which the 1J]g7m3 threshold values

for the 8 hourly values between 12.00-20.00 has been exceeded,;
longest period (in days) during which thepﬁ!j{m3 threshold values for

the 24 hourly values has been exceeded;

percentage of valid 1h average values.

Explanations of headings of Table 1.3:

column name

explanation

1

2
3
4
5

»

9

10

Table 1.4

codcou
staname
incod
ville

180 (1)
200 (1)

110 (8a)

110 (8h)

65 (24)

% 1h val

country code;

name of monitoring station;

code number of monitoring station;

city where station is located;

average length of period (in days) during which theﬂ@m3

threshold values for 1h average concentrations has been exceeded;
average length of period (in days) during which themﬁm3

threshold values for 1h average concentrations has been exceeded,;
average length of period during (in days) which theug/m3

threshold values for the non-overlapping 8 hourly values between
0.00-8.00, 8.00-16.00 and 16.00 and 24.00 has been exceeded;
average length of period (in days) during which thepxj/th3

threshold values for the 8 hourly values between 12.00-20.00 has been
exceeded;

average length of period (in days) during which thqal@‘y‘ﬁn3 threshold
values for the 24 hourly values has been exceeded;

percentage of valid 1h average values.

Explanations of headings of Table 1.4:

column name

explanation

B@ooxlovcn.hooml—\

11

13

codcou
staname
incod
ville

1h P50
1h P98
1h P99.9
1h MAX
% 1h val
8h P50

8h P98
8h P99.9
8h MAX

country code;

name of monitoring station;

code number of monitoring station;

city where station is located;

50 percentile of hourly valuegd/m’);

98 percentile of hourly valueag/m3);

99.9 percentile of hourly valuepg/m3) (additional information);
maximum value of hourly valu¢1g/m3);

percentage of valid 1h average values;

50 percentile of eight hourly valuqsgﬂm3, calculated as a moving
average);

98 percentile of eight hourly valugsgfn®);

99.9 percentile of eight hourly valuqag(m3) (additional information);
maximum value of eight hourly valupg/n?);
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Table I.5

% 8h val

percentage of valid 8h average valueg/i’).

Explanations of headings of Table 1.5:

column name

explanation

O oO~NO U, WNPE

Table 1.6

codcou
staname
incod
ville
AVER
PARP50
PARP90
PARP95
% val

country code;

name of monitoring station;

code number of monitoring station;

city where station is located;

yearly averaged Naoncentrationp(g/m3);
50-percentile of hourly NQconcentrationy(g/m?);
90-percentile of hourly NQ:oncentratiom(g/m3);
95-percentile of hourly NQconcentrationy(g/m?);
percentage of valid 1h average values.

Explanations of headings of Table 1.6:

column name

explanation

OO ~NOUILP,WDNPEF

Table 1.7

codcou
staname
incod
ville
AVER
PARP50
PARP90
PARP95
% val

country code;

name of monitoring station;

code number of monitoring station;

city where station is located;

yearly averaged N@oncentrationp(g/m3);
50-percentile of hourly Ngconcentrationug/m3);
90-percentile of hourly N©concentrationj(g/m?);
95-percentile of hourly Ngconcentrationug/m3);
percentage of valid 1h average values.

Explanations of headings of Table I.7:

column name

explanation

O©CoOoO~NOOUL,,WDNPE

codcou
staname
incod
ville
AVER
PARP50
PARP90
PARP95
% val

country code;

name of monitoring station;

code number of monitoring station;

city where station is located,;

yearly averaged VOC concentratiqrg(m3);
50-percentile of hourly VOC concentratiqng(m3);
90-percentile of hourly VOC concentratiqug(m?);
95-percentile of hourly VOC concentratiqng(m3);
percentage of valid 24h average values.
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ANNEX IIl. Phenomenology of ozone concentrations

For a betteunderstanding of the report, some of the main adtaristics of ambient
ozone are summarized here. For more advanced information on ozone and its
photochemical formation the reader is referred to information documents provided by
DGXI (Borrell and van den Hout, 1995; Derwent and van den Hout,1995) and to reports
prepared in the framework of UN-ECE Convention on long-range transport of air
pollution (Malik et al., 1996; Hijellbrekke, 1996; Batt and Berge, 1996) and
EUROTRAC (see e.g. Borret al.,1997; Hov, 1997).

Ozone is a secondary air pollutant formed in the atmosphere under the influence of
sunlight. Ozone formation occurs at all levels in the atmosphere, from ground level up to
the stratosphere. Here the discussion is limited to ozoneoand) level. It has been
shown that under the present conditions in Europe the ozone exposure of humans,
vegetation and materials leads to adverse effects.

The precursors of the ozone formation are Volatile Organic Compounds (VOC), carbon
monoxide (CO) and nitrogen oxides (NOVOC and CO act as “fuels” as they are
oxidized in the process; the nitrogen oxides play an important role as “catalysts”: they
are not ‘consumed’ in the formation process but are essential for the continuation of the
process. However, nitrogen oxides are consumed in side reactions by which they are
further oxidized to nitric acid or ndtes. For the continuation of thEhotochemical
oxidation process a continuous injection of nitrogen oxides is therefore necessary.

The ozone formation takesggle on various time and spatial scales: on the local scale as
in urban areas as Athens or Milan, on the regional scale as is deatwuhdby the
photochemical episodes in Central and Northwest Europe and on the hemispheric/global
scale. Highly reactive VOCs are portant precursors on the local and regional scale
whereas the less reactive, relatively long-lived VOCs such as methane contribute to
ozone formation on the global/hemispheric scale.

The role of nitrogen oxides is complex and may be different at various distances from
the source. In heavily popatked areas the ozone concentrations may be lower than the
regional concentrations due to chemical scavenging by local nitrogen oxide emissions.
This scavenging is presented by the chemical reaction:

03+ NO - NO + O, (R1)
Nitrogen dioxide (NGQ) formed in this eaction can be seen ‘g@stential ozone’ as in the
photolysis of NQ, nitrogen monoxide, NO, and ozone are produced:

NO; (+ &) - O3+ NO (R2)
As both the time scales of the NO-scavenging rea¢id) and of the N@photolysis
are relatively short, an equilibrium between the three components will be established:

Os +NO o NO + O, (E1)
Note that the sum of £and NQ (frequently indcated a®xidantor Ox) is independent
of the equilibrium. Knowledge on simultaneously measured, B@hcentrations in
general and N®concentrations in particular is therefore important for inetggion of
ozone levels. The oxidant levels are spatially less variable than the ozone levels. A
mapping procedure based on oxidant levels is therefore preferred.
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The time scales of photochemical ozone formation are generally longer than the time
scale associated with thbave eaction R1 and R2 and close to \§durces a decrease

in ozone concentrations may be observed; at larger distances to the source the ozone
levels will increase again. In Figurel the ozone concentration in an air parcel passing

a NQ, source is schematically presented.

One of the consequences of this interaction with NK&Othat the representativeness of
0zone monitoring stations dependssgly to what extent thetation is influenced by
local NQ« sources: concentrations measured at a station in a traffic situatidmew
representativdor its direct sirroundings only (e.g. less than a few 100 m) whereas a
background tation may measure concentrations representétiven area of several
tens of kilometres. The information requested in Article 4 of thedbire $iould form

the basis on which a representative dmaeach of the monitoring stations could be
defined.

At ground level ozone concentrations generally show a strong diurnal variation. At night
concentrations are low, both caused by removal by dry deposition and by titration by
NO-emissions according teactionR1. In the morning concentrations increase, caused
not only by the sunlight induced photochemical formation but also by the downward
mixing of higher, ozone-rich layers. In the afternoon both procesi#iesesome less
important and concentrations will decrease again when th@rosssses dominate. The
maximum concentration is frequently found in thgelaftenoon, around 16.00. For the
eight hour periods reported in the framework of the Ozonecbwe, the highest value

Ozone concentration

| | |

I T R

ozone ozone formation
scavenging

transport direction

Figure 1.1 Schematic presentation of ozone concentrations downwind of a lagge NO
source where ozone scavenging will take place.
will generally be observed between 12.00 and 20.00.
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1. INTRODUCTION

Ozone is a strong photochemical oxidant which may cause serious health problems and
damage to materials androps. Human exposure to etded levels of ozone
concentrations can give rise to decreases in lung function and inflammatory responses.
Symptoms observed are coughing, chest pain, difficulty in breathing, headache and eye
irritation. Both laboratory and epidemiologicadtd indicate large variations between
individuals in response to episodig €posure, the efcts seem to be mopeonounced

in children than in adults (WHO, 1995). The World Health Organization (WHO)
recommends an 8h protection guide valuel?® ug/n% (WHO, 1996) above which
symptoms and damage to respiratory functions can be expected to occur.

In view of the harmful effects gghotochemical pollution, the Council adopted in 1992
Directive 92/72/EEC on air pollution by ozone (ET992). The Diective defined
threshold values, established procedures for harmonised monitoring, &mtioglland
exchanging data arfdr information of the public when eredances of threshold values
occur.

The thresholds set by the Directive are presented in Table 1. As far asptatengds
concerned, two types of reporting can be distinguished according to Article 6 of the
Directive:

1. Exceedances of thepopulation information and warning thresholdsaté] time,
duration and maximum concentration) must be reported to timemizsion within
one month after occurrence (data is not necessarily validated);

2. Exceedances of all threshold values including some additional statistics (percentiles,
maxima) must be provided within 6 months after the end of a calendar year
(validated data).

Table 1 Threshold values for ozone concentrations set in Directive 92/72/EEC

threshold for: concentration | averaging period
(in pg/m’) (h)
health protection 110 8
vegetation protection 200 1
“ “ 65 24
population information 180 1
population warning 360 1

According to Article 7 of the Déctive, the Comission prepares a report summarising
all the information transrtied by the Member States at least once a year. Toet rfor
the 1996 calendar yearlMbecome available together with this document (2Euw
and van Zantvoort, 1997)

In this document a first assessment is made of the 1997 summer season, based only on
the exceedances of tipepulation information and warning thresholds for ozone, which
were transmitted by the Member States after the end of each month.

The report is mainly intended to provide fast feedback to the MentbtrsSon their
data. It also enables the Member States to compare the levels observed in the past
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summer season with those observed in other Member States. Notaftmatation
presented in this document is not necessarily based on validated monitoring data and
hence should be considered preliminary.
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2.  Availability of data

According to the Dective, exceedances of tippulation information and warning
thresholds are to be transmitted to them@ussion within one month following the
observation. On the basis of the experience gained with the oztaerglorting in

1995, the Cmmission updated the formats to be used and gave additional guidelines to
ensure successful transmission of data. The excHangats have not been anated

in 1997. In this report, the EU definition ohtd formats are used as reference. If
necessary, files were converted at the European Topic Centre on Air Quality (ETC-AQ)
for further processing. In this report altd received by the @Guomission (DGXI) and
forwarded to the ETC-AQ noater than 19 Septemb&897 have been included in the
analysis.

14 Member Stateprovided information on the ozone situation this year. 10 Member
States transmitted monthly reports oncexdances ocacrence from April-August.
Ireland, Denmark, Sweden and Finland did not record acgesdance of th&80 pg/rﬁ
threshold this year. No monthly exceedancgortss were @ceivedfrom France. It is
greatly appreciated by the @mission that Member States were able to transmit data
before the formal deadline as set in theebDiive. Table 2 presents an overview of
observed exceedances per country per month.

Table 2: Overview of observed exdances per month per country. yegceelance of
the population information threshold reported, no: no edee@ee reported, ?: no
reporting received.

April May June July August
AT no yes no yes yes
BE no no yes no yes
DE yes yes yes yes yes
DK no no no no no
ES no yes yes yes yes
FI no no no no no
FR ? ? ? ? ?
GB no no yes yes yes
GR yes yes yes yes yes
IE no no no no no
IT yes yes yes yes yes
LU no no no yes yes
NL no no no no yes
PT yes no yes yes yes
SE no no no no no

Member States were requested to check tifermation made available to the
Commission on ozone monitoring sites implemented in the framework of taetitd.

For the interpretation of ozone data it is essential to hafegmation on the direct
surroundings of thetation since the ozone concentration may be scavenged by locally
emitted nitrogen oxides or by enhanalg deposition which might occur for example
under a forest canopy. Membeatgs were requested to classify their stations as street,
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urban backgrourtd rural or industrial ttions as a first description of the ewviment
of the stations.

Only five countries explicitly reported the number dht®ns scheduled to be
operational during summer 1997 (for 1996, all countries reported this information). It is
assumed that the number of stations has not changedl886en countries which did

not report the number otations, with the exception of France and Italy. For these
countries an estiate of the number of operational stations has been made on the basis
of various information received in 1995 and 1996.

Map 1 presents the location of all ozone monitoring stations (streetusyah
background taken together as ‘urban’) assumed to be operational during the 1997
summer season.

1070 ozone monitoring sites are assumed to be operational in the framework of the
Directive. From thel070 ozone monitoringtations,291 gations are situated irural

areas, 326tations in urban background environments, 189 areedtistations and 264
stations are characterised adustrial $ation or the monitoring emanment was not
specified.

Note that due to the fact that only exceedances of thresholds vpemterk it is not
clear whether stations were operational cargusly throughout the summer period. It is
possible that ozone concentrations exceeded a threshold at a site but waomned re
because the monitoring station was temporarily out of ope?ation

In this report egeedances areounted on a daily basis, that is, a day on which a
threshold is exceeded at least once, is counted as one exceedance day.

® Urban background: station located in the built-up area of the city but not directly influenced by emission
sources such as traffic or industry.

® The annual report (De Leeuw and van Zantvoort, 1997) gives information on the percentage of time
stations were operational, most stations score >90%.
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Ozone monltoring atatlons In the EU
Rafaranca parod: assumad bz ba operaticnal durlng summar 1897

= Lrban stations
Backgraund abations
s Typa of stallan other/unepaciisd

Map produced by the European Topic Centre on Air Quality

Map 1: Ozone monitoring stations implemented in the framework oécie
92/72/EEC on air pollution by ozone, scheduled to be operational during 1997.
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3. SUMMARY OF DATA REPORTED FOR SUMMER 1997

The threshold for warning of the public (1h> 360 usg/mas exceeded at one station
during summer 1997 (Table 3):

Table 3: Observed exceance of the threshold for warning of the public (1h
concentration > 360 ug/?‘m during summer 1997 (April-August).

Country City Station Maximum observed hourly Date, time
concentration (ug/nt)
Greece Athens Lykovrissi 383 18-6-97,12.00

During summer 1996 the threshold for warning of the public was atseedrd in the
Athens conurbation, although at differetdt®ns. The Athens episodellvibe described

in more detail in Chapter 5. Table 4 presents a general overview of the observed
exceedances of the threshé&dd information of the public during April-August 1997 on

a country by country badisAs the number of stations differs widdtpm country to
country, the absolute number ofceedances are less suitatdle comparison. As in the
annual ozone report (Deeeuw and van Zawbort, 1997) the concept of ‘occurrence of
exceedances’ is used here. Grence of egeedances is defined as the total number of
exceedances summed over all stations divided by the number of stations.

Table 4: Summary of exadances of the threshold for information of the public (1h
concentration > 180 ug/?m during summer 1997 (April-August) on a country by
country basis.

Nr. of Maximum Averaged Occurrence Average
stations with Nr. of days observed maximum of excee- duration of
Nr. of exceedance with concentr. concentr. danced' exceedances
stations exceedancé (pg/m3) (ug/m3) (hour)

AT 114 10(9%) 9 228 196 0.1/1.3 1.7
BE 23 16(70%) 16 277 198 2.8/4.1 3.1
DE 379 225(59%) 41 253 193 1.5/2.6 2.6
DK 6 0 0 <180 <180 0/0 0

ES 173 25(15%) 32 250 198 0.5/3.2 1.7
FI 11 0 0 <180 <180 0/0 0

FR ? ? ? ? ? ?

GB 69 27(39%) 12 318 195 0.8/2.0 2.8
GR 14 7(50%) 44 383 213 6.3/12.6 2.6
IE 6 0 0 <180 <180 0/0 0

IT 80 37(46%) 49 339 205 4.0/8.7 3.1
LU 5 2(40%) 5 203 188 1.0/2.5 2.0
NL 38 25(66%) 9 266 197 1.2/1.8 2.2
PT 8 5(63%) 16 271 201 2.4/3.8 14
SE 6 0 0 <180 <180 0.0/0 0

EU 932 379(41%) 383 198 1.2/3.4 2.7

Number of stations implemented in the framework of the Ozone Directive

The number of days on which at least ereeedance was observed

Left figure: averaged over all implemented stations, right figure: averaged over all stations
which reported at least one exceedance.

" Note that in all tables and figures presented, information for France is not available.
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Finland, Denmark, Ireland and Sweden did not obsereeaedances of thpopulation
information threshold this summer. In other countries, the number of days on which at
least one exceedance was observed rainged5 in Luxembourg to 49 in Italy. 41% of

all stations reported one or more exceedance. On av@ragxceedances aated this

year on stations which remed at least one egedance. The average maximoourly
concentration during an exceedance of the threshold this year was 188 png/m

Table 5 summarises the exceedances on a month by month basis. In the Mediterranean
region of Southern Europe frequentegdances were observearing the stable, warm

and sunny summer months. April, May, June and July were on average unfavourable for
the formation of ozone in Northern and Western Europe. August was a very hot and
sunny month in large parts of Western and Northern Europe resulting in more
favourable conditions for the formation of ozone. As a result, August had the highest
number of stations reporting exceedances.

Table 5: Summary of exadences of the threshold for information of the public (1h
concentration > 180 pg/?')] during summer 1997 (April-August) on a month by month
basis.

Nr. of maximum averaged average
stations with observed maximum Occurrence of  duration of
exceedance concentration concentration exceedanceés exceedances

(ug/m’) (ug/m’) (hr)
April 6 230 190 0.0/2.8 2.0
May 37 279 193 0.1/1.7 2.0
June 33 383 203 0.1/2.1 2.2
July 99 339 205 0.3/3.2 2.7
August 340 318 196 0.8/2.4 2.7

The theoretical maximum is 932 stations (all stations which are assumed to be
operational during summer 1997 and for which data was transmitted).

Left figure: averaged over all implemented stations, right figure: averaged over all
stations which reported at least one exceedance.

In Figure 1 the number of days per month is presented on which an exceedance was
recorded at least at ondaBon in a ountry. Again, the relative abundance of
exceedances in August in Westemr@pe is striking. Spain, Italy, &ece and Portugal
recorded most eeedance days in July. Figure 2 presents theurosmce of
exceedances peogntry on a month by month basis. No monthéttern is apparent.
Exceedances in Greece and Portugal were observelrated number of &tions; this
explains the relatively high occurrence of exceedances in these countries.
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Number of days with at least one exceedance

25

] ] O April
O May
OJune
O July
5 M August

15

days

10

AT BE DE DK ES FI FR GB GR IE IT LU NL PT SE

Figure 1: Number of days on which at least one edaree of the threshold value for
information of the publi¢lh concentration > 180 ugﬁhwas observed per country
and per month during summer 1997. Note that data from France is missing, Finland,
Denmark, Sweden and Ireland did not report exceedances.
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Figure 2: Occurrence of excdances (in days) of the threshold value for information
of the public(1h concentration > 180 ugﬁh per country on a month by month basis
during summer 1997. Note that data from France is missing, Finland, Denmark,
Sweden and Ireland did not report exceedances.
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The average occurrence ofceedances (in days) in eaabuatry of the threshold for
information of the public bytation type(rural, urban and stet) is presented in Figure
3. The occurrence of egedances generally decreases indtoer rural-urban-stet.
Stations for which the type was not specified are excluded from this figure.

Occurrence of exceedances per station type
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Figure 3: Average occurrence of exdaaces (in days) of the threshold for
information of the public (1h concentration > 180 u@hlmy station type (rural, urban
and steet)and country during summer 1997. Note that data from France is missing,
Finland, Denmark, Sweden and Ireland did not report exceedances.

Figure 4 shows the frequency distribution of hourly ozone concentrations in excess of
the threshold value using Box-Jenkins plots. €&ach Member State tHgox-Jenkins

plot indicates the minimum (here the minimumilB&0 ug/m3), the maximum, the 25
percentile and the 75 percentile value of the exceedances. The figure shoasgitizat

25% of all observed eeedances, the maximumurly concentration recorded was just
above the 18(lg/m3 threshold. 75% of all maximum egedances recded were below

206 pg/nm,
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Figure 4: Frequency distribution of ozone concentrations in excess df8thgg/n
threshold for hourly values (April-August 1997). For each country the total number of
observed exceedances is given in row ‘#Ex’, the number of stations is given in row
‘#St'. Frequency distributions are presented as Box-Jenkins plots indicating the
minimum, the 25-Percentile, the 75-Percentile and the maximum value.

3.1  Geographical distribution

Maps 2 and 3 show the geographical distribution of the number of days on which the
threshold value for information of the public waseededor urbarf and background
stations, respectively. Exceedance dataurban gations are presented as ddimte

that information for France is missing and thtdtisns of unspecified type are also
plotted in this map. The exceedance datarural gations are interpated using simple
inverse distance weighting and a tentatively estimated ‘radius of representativeness’ of
100 km. Note that this radius might be different for the various regions in Europe.

The number of days on which exceedances were observedaat sations and stations

of unspecified type in Northern and Western Europe ranges from 0O in Finland, Sweden,
Denmark, Ireland and large parts of Austria to more than 10 on datizns in South-
Western Germany. No consistent spat&lt@rn is apparent in the Mediterranean region.
Some stations did notpert any exceedance, other stations in Italy and Gregoeteel

more than 10 exceedances.

® Exceedances reported from stations of unspecified type are also plotted in this map.
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Map produced by the European Topic Centre on Air Quality

Map 2: Number oéxceelances of the threshold value for the information of the public

(1h > 180 pg/) observed at urban/stet stationsand stations of unspecified type.
Summer 1997 (April-August).
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Ozone (hourly values)
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Map 3: Number of exceedances of the threshold value for the information of the public
(1h > 180 ug/rﬁ) observed at background stations. Summer 1997 data (April-August),
interpolated using inverse distance weighting, cut-off distance of 100 km.
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3.2  Comparison with previous years

Exceedances observedring the 1997 summer period were compared teedances
observed during the same period in 1996 and % 99ance did not report egedances

of the population information threshold in 1997 and was left out of the analysis to
ensure comparability between the years. Italy was not takeadetmunt in the analysis
because 1996 data was incomplete and inconsistent.

Figure 5.a presents the average exceeddncation® of the population information
threshold, Figure 5.b the average occurrence and Figure 5.c presents the average
maximum concentration observed during exceedances.

All indicators show lowest values in 1997 compared to 1996 and 1995. Since most
ozone stations are operational in Northern and Westeropgé (ca. 70% in 1997)
exceedance statistics areosigly influenced by the meteorological conditions in this
area. For example, in 1995 Germany, Netherlands and Belgium reported 81% of all
exceedances.

In 1995 a number ofdat waves were recded in northern and western Europe and
conditions were favourable for high ozone levels on many days. During summer 1996,
relatively clean and cool Atlantic air masses prevailed on many days in northern and
western Europe. Subsequently, the number and durationcegdances as well as the
maximum concentrations observed were lower than in 1995. Relatively clean and cool
Atlantic air masses also prevailed during April-July 1997 and hardly acgeeance

was observed in northern and western Europe.

August 1997 was very hot and sunny in large parts of northern and westernlﬁurope
The number and duration of exceedances as well as the maximum concentrations
observed during eeedances were however much lower as those obsguvied other

recent hot andunny months. In Ireland, Finland, Sweden and Denmark the threshold
was even not exceeded.

First analysis has shown that the relatively low number of exceedances in August might
be explained by the position of the dominating high pressure cell. The high pressure cell
was, on average, situatedowe Scotland - southern Norway resulting in a NE
circulation above large parts of northern and western Europe. Relatively clean air
masses originating from the Baltic area and western Russia atechidbove northern

and western Europe. Due to subsidence the air could bactbased aslry (sunny)

and hot.

During other warm and sunny months @cent years, the dominating high pressure cell
was locatedon average) over the continent resulting in the tranapon of relatively
polluted air to western and northern Europe with a E-SE circulation and more situations
in which air masses became stagnant.

91995, 1996: Validated exceedance statistics as transmitted by Member States were used for this purpose.
19 Averaged over all stations which reported at least one exceedance.

" For example, August 1997 was the hottest August since the beginning of measurements in 1706 in the
Netherlands.
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Figure 5.a: Average duration in hours ekceelances during summer 1995, 1996 and
1997 (April-August, based on 13 Member States).
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Figure 5.b: Average occurrence (nr) ekceelances at stations which reported at least
one excedance during summer 1995, 1996 and 1997 (April-August, based on 13
Member States).
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Figure 5.c: Average maximum concentration (u3g/mbserved during excdances
(April-August, based on 13 Member States).

It is difficult to assess a possible trend in the number, duration and severity of
exceedances of the threshdt information of the public which in its turn could
indicate a possible trend in precursor emissions, because:
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e High ozone levels (in this case exceedances optipailation information threshold)
are mainly observed during periods with warm and sunagtiner. Especially in
western and northern Europe, the year-to-year variations in meteorological
conditions favourable for high ozone levels are large. The resulting variations in
exceedance statistics can obscure a possible trend due to changes in precursor
emissions. It is at the moment not possible to coferdhis varialility on a wuntry
by country basis nor for the complete EU territory;

e Exceedances statistics are availdbleonly three years which is a very short time
series to assess a possible trend;

e The number of stations implemented in the framdgwof the Ozone Dective
increased by ca. 20% over the last three years. The increased territorial coverage can
have implicationdor the number of eceedances observed. Also, a changing ratio
between the number of rural and urbasefstrstations can have implicaticios the
number of observed exceedances since peak ozone leNels average be lower in
urban areas than in rural areas.
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4. EXPOSURE TO EXCEEDANCES

4.1 Population exposure

The actual owtoor exposure of the population to ozone is difficult to esmIn
addition to estimating the spatial distribution and time variation of the ozone
concentration, the tation andphysical activity level of thepopulation should be
known. Since dtailed data laout these variables is not available, the description of
exposure must biemited to estimating the number of people who possibly experienced
(‘were potentially exposed to’) at least onecegdance of ozone concentratiobs\ae

the information threshold value during summer 1997.

For urban areas, using a Geographical Information System,cigolo ofurban gations

was combined with information on the European population provided by Eurostat
(EUROSTAT, 1996). Thisatabase lists c2100 cities in the EU with more than 25 000
inhabitants. It is calculated th&tbm a total EU population of ca. 36gillion, ca. 195
million people live in these cities.proximately 75million people live in cities in which

at least one ozone station was operatigioging the 1997 summer season (38% of the
total EU urban population or 21% of the total EU population).

157 cities reported at least onecegdance of th@opulation information threshold
value. Approxinately 25million people in these citié%(34% of the urban population
living in cities with operational monitors) were potentially exposed to at least one
exceedance. The urban exposure estimates are presented in Figure 9.

The results should be integted with great care. In many cities, only one station is
operational and exceedances at such a station were attributed to the uviaole
population. The current description daton types is imprecise arfdr a substantial
number completely missing. Nevertheless, bhwious that urban population exposure
estimates aanot be based on monitoring results alone, since monitotatiprss cover
only 38% of the total urban population.

The number of people “potentially exposed” as calad for this report cannot be
compared with the calculated numhmrblished in last year’s report (Sluyter and van
Zantvoort, 1996). This year calculations were made for the period April-August (1996:
April-July). Moreover, the populationatbase used was updated and the number of
stations (coverage) has increased.

2 This figure cannot be compared directly with figures provided in earlier reports covering summer 1994
and summer 1995 as the basis for calculation was not the same.
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Figure 9: Number of excedances (in days) and frequency distribution of urban
population potentiy exposed tdourly ozone concentratiorexceedingl80 ug/rﬁ,
April-August 1997. (Representative for arban population of 75 ition (38% of the
EU urban populationliving in cities with more than 25 000 inhabitants; 21% of the
total EU population).

For rural areas, the number of people potentially exposed to at least ceedance
could not be calculated. The interpd exceedance ‘field” (Map 3) is rather
fragmented. Moreover, no rural populatiomtabase is available at the moment.
However, as ozone levels are in general higher in rural areas than in cities, it is
anticipated that a larger fraction of tha&ral population W be potentially eposed to
exceedances than in cities.

4.2  Territorial exposure

The interpchted exceedance mdpr rural locations with an assumed radius of
representativeness is too fragmented to draw firm conclusions on spatial patterns. The
rural gations cover pproximately 48% of the EU territory. The area wheree&dances

were observed, calculated on the basis of thepoleted map, is approxaely 49% of

the total area covered by backgroutatiens which is estimated at 23% of the total EU
territory. These figures are comparable to those observed during summer 1996.
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5. MAIN OZONE EPISODES

Ozone formation and destruction is dependent on emissions, concentrations and ratios of
precursors (mainly VOC, CO and NI and on the amount and intensity of sunlight.
Important in this respect is the role of nitrogen oxide emissionsrddan areas, the
ozone concentrations may be lower than the rural (‘background’) concentrations due to
chemical scavenging by local nitrogen oxide emissions (see for example Figure 3, which
shows that the occurrences of exceedances are in general highest at rural stations).

Episodes, periods with elevated ozone leveismainly occurduring periods of warm
sunny weather. In the Mediterraneamuntries, having prolonged spells of hot and
sunny weatherduring the summer, ozone can quickly be formed and high levels can
occur on many days and in the vicinity of urban centres. In northern Europe the build up
of ozone is slower due to the more moderate weathedittons. Here, highest levels

will generally befound downwind of cities. Figure 6 presents a graphical repiasamn

of the percentage of stations in every Member State tipattesl exceedances of the
threshold value for population information (18@/m’ for hourly values) during the
1997 summer season.

, . 0-25%
Number of stations with 25 50%

3 4 50-75%
1h exceedances of 1§0g/m & 2E 100%

April May June July August

Figure 6: Qualitative overview of excdgnces of the 18qug/m3 population
information threshold value (1h) during the period April - August 1997. The symbols
represent the percentage of stations which observed at least onalaxceef the
threshold for the information of the public during a particular day. Note: data from
France is missing.
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From Figure 6 it is clear that the number of episodes covering extended areas of the
European territory walémited during April-July 1997. As already mentioned iacBon

3, weather anditions in western and northern Europe were often unfavourable for the
build-up of ozone. On many days cool and relatively clean Atlantic air masses prevailed
in northern and western European countries.

More frequent exceedances were observed in August. The most widesprdaan
European episode this summer occurred between 10 and 14 August. Map 4 presents an
overview of the sites which observed an exceedand®ob3 14 and 15 August 1987

In the text box, the conditions leading to this episode are described in ptaik Idh
contrast, in southern Europe frequentceedances are observedraughout the
reporting period.

The episode of 10-14 August 1997

During the first days of August, a high pressure cell formed over Scotland- southern
Scandinavia. This resulted in a NE circulation over a large part of northern and
western Europe with sunny skies and high temperatures. The air mass present was
relatively clean. On 10 August, the high pressure cell had slightly shifted position to
the east and in combination with a depression west of Ireland the circulation
became SE, first in the United Kingdom, traoring more polluted air from the
continent to the west. Exceedances were observed in the United Kingdom and
Belgium. The synoptical situation remained more or less stilbl® tAugust with
exceedances concentrated in the United Kingdom, Belgium, Netherlands and the
western part of Germany. A cold front, behind it relatively clean Atlantic| air,
moved in from the west on 13 August ending the episode in the United Kingdom.
Preceding the colftont, under sunny skies and tropical temperaturassedances
were observed on a large scale in Benelux and Germany. On 14 August, the cold
front was positioned over the central part of Germany ending the episade in
Benelux and the western part of Germany. On 15 August, the relatively |clean
Atlantic air had reached the eastern part of Germany and this ended the episode.

*Note that the exceedances during this episode on 11 and 12 August are not presented. The situation on
those two days was comparable with 10 August.
“ Although no data for France was received, it is to be expected that exceedances also occurred in France

during this episode.
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Example of an ozone smog eplzode
Maximum hpurly concantration > 180 ug/m’

Map produced by the European Topic Centre on Air Quality

Map 4: Example of a smog episode: stations which reported an hourly ozone
concentration in excess @80 pg/m, 8-14 August 1997 (all station types). Note that
data from France is missing.
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Figure 7 presents the maximum hourly ozone values recorded in the Athens conurbation
(Greece) as an example of a local ozone episode in the Mediterraneam fége
threshold for warning of the public (1h >360 pugymvas exceeded in Athens. Note that

not all stations presented reported exceedances on evegudag this period. More
information on the specific conditions leading to these particular episodes is not yet
available to the authors of this report.

Example of smog episode, Athens
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Figure 7: Example of a local ozone episode, Athens 17-24 June 1997. Maximum
observed 1h values (ug‘?)’ron stations in the Athens conurbation which observed an
exceedance of at least 180 u@(frh).

Figure 8 presents the maximum hourly ozone values recorded at the Cavaliereirs

Rome (Italy) during exeedances of thpopulation information threshold in the period
July-August. It is an example of a station in the Mediterranean region at which frequent
exceedances are observed throughout the summer period.

Rome, Cavaliere
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Figure 8: Example of a station with frequent exda®ces throughout the summer
period, Cavaliere, Rome (Italy), Julydggust 1997. Maximum observed 1lh values
(ug/rrf’) observed during an exceedance of at least 1803p(gﬂm).
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6. CONCLUSIONS

This report presents a first evaluation of the reportegedances of the threshold value

for information and warning of the public during summer 1997 (April-August).
Information is not necessarily based on validated monitoring data and hence the
conclusions drawn should be considered preliminary.

Information on the occurrence of@edances has been receivean all EU Member
Statedor the months April, May, June, July and August with the exception of France.
The quality of the exceedana&armation supplied was good and largely according to
EU specifications. lprovements can be made for a number of countries as far as
characterization of stations is concerned. Somseinties did not supply meta
information on tations.1070 monitoring @tions were assumed to be operational this
summer.

The threshold for warning of the public (1h > 360 u3g/was exceeded at one stations
during summer 1997; Lykovrissi (Athens, Greece) on 18 June 1997.

The threshold for information of the public (1h > 180 pgg/has been exceeded in all
Member States with the exception of Ireland, Denmark, Finland and Sweden.

The number of days on which at least one exceedance was observedin@angac in
Luxembourg to 49 in ltaly. 41% of altations reported one or more exceedance. On
average 3.4 eeedances oocred this year ontations which regrded at least one
exceedance. The average length of an episode was 2.7 hours.

The number of stations whichperted an exceedance, the mcence of ezeedances

at those stations and maximum concentratthngg episodes this year were lower than
during the 1995 and 1996 summer seasons. This time series is too short to link this
decrease to declining pre-cursor emissions. The difference can mainly be attributed to
year-to-year weather varidity. Especially innorthern and western Europe, theather
conditions during the 1997 summer season were on average less favourable for high
ozone levels than during the 1995 and 1996 summer seasons. This year, cool and
relatively clean Atlantic air masses prevailed on many days during April-July. Although
August was a hot and sunny month in large parts of northern and western Europe,
relatively clean air masses originating from the BaltaAvestern Russia prevailed on
many days (N-NE circulation).

A first estimate was made of the percentage otuthan population exposed to at least

one exceedance of thgopulation information threshold. Approxately 75 million

people live in cities in which one or more ozone stations were operatiaring the

1997 summer season (38% of the total EU urban population or 21% of the total EU
population). 157 cities reported at least oneeexance of thpopulation information
threshold value. Approxiately 25 milion people in these cities were potentially
exposed to at least oneaedance. However this estimatousld be interprted with

great care. In many cities, only one station is operational and exceedances are unlikely
to represent the potential exposure of the complete urban population.
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