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Summary 
Long-term changes of ozone concentrations are influenced by a variety of 
quantities, in particular meteorological variables and emissions. In order to 
evaluate the contributions of regional emissions and of the background 
concentration to changes in observed ozone levels, the variability due to 
meteorology has to be removed. Ordonez et al. (2005) investigated the 
temporal evolution of tropospheric ozone over the Swiss Plateau using 
meteorological and air quality measurements taken at stations of the Swiss air 
quality networks NABEL and OSTLUFT. Time period was 1992 to 2002 
including a discussion of the heat wave in summer 2003. The air quality 
measurements were corrected for meteorological influences on the basis of a 
multi-linear model approach. Despite the emission abatement measures of 
the last decades no significant decrease in ozone levels was observed. Air 
quality stations south of the Alps, which often act as a barrier for air mass 
exchange between south and north, were not included in the investigation.  
This study (a) includes all NABEL stations, (b) considers also southern air 
quality stations of the cantons Ticino (OASI) and Graubünden (ANU), and (c) 
extends the time frame until 2007. 
The methodology of correcting ozone and Ox = O3 + NO2 for meteorological 
variability is based on the Analysis of COVAriance (ANCOVA). This approach 
assumes that the mixing ratios of O3 and Ox are multi-linear functions of 
selected meteorological quantities. The analysis is performed using the 
statistics package R, which supports the dependence on continuous variables 
(e.g. air temperature) as well as on discrete quantities (e.g. wind direction 
expressed in terms of discrete wind direction sectors). The following daily 
values of each station are considered in the analysis (examples):  

meteorological variables (averages): afternoon temperature, morning 
global irradiance, afternoon wind speed, etc. If no co-located 
meteorological data are available, data of the closest station of the 
Swiss meteorological network ANETZ are taken. 
air quality quantities: daily maxima of ozone and Ox (if co-located NO2 
measurements are available). 

The algorithm determines the contributions of those meteorological 
parameters that explain most of the variability of daily O3 and Ox maxima. For 
each season these quantities are adjusted to meteorological conditions 
representative for the seasonal average of the concentrations from 1992 to 
2007. The medians and 90th percentiles of those data are calculated for each 
season and year. Eventually, the linearized trend for analyzed time period is 
derived.  
For most stations afternoon temperature, morning solar irradiance and 
morning water vapor mixing ratio are the most significant variables controlling 
ozone and Ox in spring and summer. In autumn and winter, afternoon solar 
irradiance and vertical temperature gradient become more important. 
The meteorological adjustment of measured concentrations results in most 
cases in a decreased scatter of the data points revealing a clearer long-term 
trend. Even measurements under extreme conditions as those of the heat 
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wave 2003 are correctly adjusted. The linear trends for 1992-2002 found by 
Ordonez (2005) continue until 2007. However, at some stations there is 
evidence that the corrected ozone concentrations in spring and summer 2007 
are lower than those in 2006. 
We grouped the trend coefficients into 4 regions according to the locations of 
the stations to reveal systematic tendencies: Swiss Plateau, headwaters of 
the rivers Rhone and Rhine, southern Switzerland and Engadin 
(Graubünden). In summer the coefficients for ozone in the Swiss Plateau are 
mostly close to zero. At the city center stations Berne and Lausanne the 
trends are clearly positive due to the decrease of the NO2 concentrations. If 
Ox is plotted, the trends are similar to those at rural stations. South of the Alps 
slightly negative trends were found (up to -1 ppb/yr). In winter the trends of 
the northern stations are positive (up to 0.5 ppb/yr). At stations south of the 
Alps they are close to zero or even negative. 
It is surprising that the decrease of emissions in Europe during the last 
decades is not visible in distinct negative ozone trends north of the Alps. For 
southern Switzerland, however, there is evidence that the air quality in 
northern Italy improved leading to lower (less positive) trends than those 
observed in the Swiss Plateau. We suppose that the emission mitigations are 
compensated by an increasing ozone background. Possible reasons for this 
effect are the strong economic growth in developing countries and a 
continuous increase of the ozone intrusion from the stratosphere. 
 
Ordonez C., Mathis H., Furger M., Henne S., Hueglin C., Staehelin J., Prevot 
A. S. H., 2005. Changes of daily surface ozone maxima in Switzerland in all 
seasons from 1992 to 2002 and discussions of summer 2003. Atmospheric 
Chemistry and Physics 5 1187-1203. 
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Zusammenfassung 
Langzeitliche Änderungen von Ozonkonzentrationen werden durch eine 
Vielzahl von Grössen beeinflusst, insbesondere durch meteorologische 
Variablen und Emissionen. Um die Beiträge der regionalen Emissionen und 
der Hintergrundkonzentration an die Schwankungen des beobachteten 
Ozonniveaus abzuschätzen, müssen diejenigen Änderungen, die auf Grund 
von meteorologischen Variationen entstehen, beseitigt werden. Ordonez et al. 
(2005) untersuchten die zeitliche Entwicklung von troposphärischem Ozon 
über dem schweizerischen Mittelland, indem sie meteorologische 
Beobachtungen und Messungen der Schweizer Luftqualitätsmessnetze 
NABEL und OSTLUFT heranzogen. Die Analyse erstreckte sich über die 
Zeitspanne von 1992 bis 2002 und umfasste zudem eine Diskussion des 
Hitzesommers 2003. Die Luftqualitätsmessungen wurden für meteorologische 
Einflüsse korrigiert, wobei ein multi-linearer Ansatz gewählt wurde. Trotz der 
Emissionsreduktionen der letzten Jahrzehnte wurde kein signifikanter 
Rückgang der Ozonkonzentrationen festgestellt. Messstationen südlich der 
Alpen, die oft als Barriere für den Austausch von Luftmassen wirken, wurden 
in der Untersuchung nicht berücksichtigt.  
Der Rahmen dieser Studie umfasst neu (a) alle NABEL Stationen, (b) 
südliche Messstationen der Kantone Tessin (OASI) und Graubünden (ANU) 
und (c) den Zeitraum bis 2007. 
Die Methode, Ozon und Ox = O3 + NO2 für meteorologische Schwankungen 
zu korrigieren, basiert auf der Kovarianzanalyse (ANCOVA). Dieser Ansatz 
setzt voraus, dass die Mischungsverhältnisse von O3 und Ox multi-lineare 
Funktionen von ausgewählten meteorologischen Grössen sind. Die Analyse 
erfolgte mit dem Statistikpaket R, welches die Abhängigkeit sowohl von 
kontinuierlichen Variablen (z.B. der Lufttemperatur) als auch von diskreten 
Grössen (z.B. der Windrichtung als diskrete Windrichtungssektoren) 
unterstützt. Folgende Tageswerte jeder Station werden in die Analyse 
einbezogen (Beispiele): 

meteorologische Variable (Mittelwerte): Nachmittagstemperatur, 
globale Sonneneinstrahlung am Vormittag,  Windgeschwindigkeit am 
Nachmittag, usw. Falls keine Daten für den Ort der Luftqualitätsstation 
vorliegen, werden die Messungen der nächsten ANETZ Station 
verwendet. 
Luftqualitätsgrössen: Tagesmaxima von Ozon und Ox (falls NO2 
Messungen am gleichen Ort vorliegen).  

Der Algorithmus bestimmt die Beiträge derjenigen meteorologischen 
Parameter, welche hauptsächlich für die Schwankungen der Tagesmaxima 
von O3 und Ox verantwortlich sind. Für jede Jahreszeit werden diese Grössen 
auf Wetterbedingungen umgerechnet, die repräsentativ sind für den 
jahreszeitlichen Mittelwert der Konzentration von 1992 bis 2007. Sodann 
werden die Medianwerte und die 90-Perzentile für jede Jahreszeit eines jeden 
Jahres berechnet. Aus diesen Daten ergibt sich schliesslich der linearisierte 
Trend über die untersuchte Zeitspanne. 



 6 

An den meisten Stationen zeigt sich, dass im Frühling und im Sommer die 
Temperatur am Nachmittag sowie die globale Sonneneinstrahlung und der 
Wasserdampfgehalt der Luft am Vormittag am stärksten für die 
Schwankungen der Tagesmaxima von Ozon und Ox verantwortlich sind. Im 
Herbst und Winter hingegen sind die Einstrahlung m Nachmittag sowie der 
vertikale Temperaturgradient von grösserer Bedeutung. 
Die meteorologische Korrektur bewirkt in den meisten Fällen eine verminderte 
Streuung der Datenpunkte und damit einen klareren Langzeittrend. Sogar 
Messungen unter extremen Bedingungen wie diejenigen während der 
Hitzewelle 2003 werden korrekt angepasst. Die von Ordonez et al. (2005) 
gefundenen linearen Tendenzen für 1992 - 2002 dauern bis 2007 an. An 
einigen Stationen ist jedoch erkennbar, dass die angepassten 
Ozonkonzentrationen im Frühling und Sommer 2007 tiefer liegen als 
diejenigen von 2006.  
Um systematische Tendenzen aufzuzeigen, teilten wir die Trendkoeffizienten 
nach der Lage der Stationen in 4 Regionen ein: Mittelland, Quellgebiet 
Rhone-Rhein, Alpensüdseite und Engadin. Im Sommer sind die Koeffizienten 
für Ozon im Mittelland meistens nahe bei 0 ppb/yr. An den Stadtstationen im 
Zentrum von Bern und Lausanne sind die Trends infolge der Abnahme der 
NO2 - Konzentrationen deutlich positiv. Wird Ox aufgezeichnet, sind die 
Trends mit denjenigen ländlicher Stationen vergleichbar. Südlich der Alpen 
ergeben sich leicht negative Trends (bis zu -1 ppb/yr). Im Winter sind die 
Trends an den nördlichen Stationen positiv (bis zu 0.5 ppb/yr). Für Stationen 
der Südschweiz sind die Werte nahe bei 0 oder sogar negativ. 
Es ist überraschend, dass sich die Abnahme der Emissionen in Europa 
während der letzten Jahrzehnte nicht in einem deutlich negativen Ozontrend 
nördlich der Alpen zeigt. Für die Südschweiz jedoch gibt es Anzeichen, dass 
sich die Luftqualität in Norditalien verbesserte, was zu tieferen (weniger 
positiven) Trends als im Mittelland führt. Wir vermuten, dass die 
Emissionsreduktionen durch einen ansteigenden Ozonhintergrund 
kompensiert werden. Mögliche Gründe für diesen Effekt sind das starke 
Wirtschaftswachstum in Entwicklungsländer und eine kontinuierliche 
Zunahme des Ozonflusses aus der Stratosphäre. 
 
Ordonez C., Mathis H., Furger M., Henne S., Hueglin C., Staehelin J., Prevot 
A. S. H., 2005. Changes of daily surface ozone maxima in Switzerland in all 
seasons from 1992 to 2002 and discussions of summer 2003. Atmospheric 
Chemistry and Physics 5 1187-1203. 
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Riassunto 
I cambiamenti a lungo termine delle concentrazioni d’ozono sono influenzati 
da numerosi parametri, in modo particolare dalle variabili meteorologiche e 
dalle emissioni. Per valutare i contributi delle emissioni regionali e della 
concentrazione di fondo ai cambiamenti dei livelli di ozono osservati, la 
variabilità dovuta alla meteorologia deve essere rimossa. Ordonez et al. 
(2005) esaminarono l’evoluzione temporale dell’ozono troposferico sopra 
l’altipiano svizzero, facendo uso di misurazioni meteorologiche e della qualità 
dell’aria rilevate alle stazioni delle reti NABEL e OSTLUFT. Si trattò del 
periodo compreso tra il 1992 e il 2002, includendo una discussione della 
canicola verificatasi nell’estate del 2003. Le misurazioni della qualità dell’aria 
erano state corrette dagli influssi meteorologici sulla base di un modello 
multilineare. Nonostante le diminuzioni di emissioni delle ultime decadi, non 
sono stati osservati cali significativi dei livelli di ozono. Le stazioni della qualità 
dell’aria situate al sud delle Alpi, che spesso fungono da barriera per lo 
scambio di masse d’aria tra il Sud e il Nord, non sono state contemplate nella 
ricerca.  
Questo studio (a) comprende tutte le stazioni NABEL, (b) considera anche le 
stazioni della qualità dell’aria meridionali dei cantoni Ticino (OASI) e Grigioni 
(ANU), e (c) esamina il periodo che si estende fino al 2007. 
Il metodo per correggere l’ozono e Ox = O3 + NO2 dalla variabilità 
meteorologica è basato sull’Analisi della COVArianza (ANCOVA). Questo 
metodo assume che i rapporti di mescolamento di O3 e Ox sono funzioni 
multilineari di parametri meteorologici selezionati. L’analisi è stata eseguita 
utilizzando il pacchetto statistico (statistics package) R, che supporta la 
dipendenza sia da variabili continue (per esempio: la temperatura dell’aria) 
che da parametri discreti (per esempio: la direzione del vento espressa in 
termini di discreti  settori della direzione del vento). I seguenti valori giornalieri 
di ogni stazione sono stati presi in considerazione per l’analisi (esempi):  

Variabili meteorologiche (medie): temperature pomeridiane, 
irraggiamento solare mattutino, velocità del vento pomeridiano, ecc. Se 
non sono misurati dati meteorologici sulla stazione vengono utilizzate 
le misurazioni della più vicina rete meteorologica svizzera  ANETZ. 
Parametri della qualità dell’aria: massimi giornalieri di ozono e Ox (se 
sono disponibili misurazioni di NO2 nel medesimo luogo). 

L’algoritmo determina i contributi di quei parametri meteorologici che sono 
responsabili principalmente per la variabilità dei massimi giornalieri di O3 e Ox. 
Per ogni stagione questi parametri vengono adeguati alle condizioni 
meteorologiche rappresentative per la media stagionale delle concentrazioni 
dal 1992 al 2007. Le mediane e il 90° percentile di questi dati sono calcolati 
per ogni stagione di ogni anno. Da questi dati deriva infine il trend linearizzato 
per il periodo esaminato. 
Per la maggior parte delle stazioni, le temperature pomeridiane, 
l’irraggiamento solare mattutino e l’umidità nell’aria durante la mattina sono le 
variabili più significative responsabili dell’ozono e Ox in primavera e in estate. 



 8 

In autunno e in inverno sono più significativi l’irraggiamento solare 
pomeridiano e il gradiente termico verticale. 
La correzione meteorologica delle concentrazioni misurate causa in molti casi 
una scemata dispersione dei dati, rivela quindi un trend a lungo termine più 
chiaro. Perfino misurazioni fatte in condizioni estreme, come durante la 
canicola nel 2003, vengono adeguate correttamente. Il trend lineare per il 
periodo 1992-2002 trovato da Ordonez et al. (2005) si protrae fino al 2007. 
Tuttavia, presso qualche stazione risulta che le concentrazioni d’ozono 
corrette in primavera e in estate 2007 sono inferiori a quelle del 2006.  
Per mostrare tendenze sistematiche abbiamo raggruppato i coefficienti del 
trend in 4 regioni, secondo le ubicazioni delle stazioni: l’Altipiano svizzero, la 
zona delle sorgenti dei fiumi Rodano e Reno, il sud della Svizzera e 
l’Engadina (Grigioni). In estate i coefficienti per l’ozono nell’altipiano svizzero 
sono di solito pressoché vicini allo zero. Nelle stazioni situate nel centro delle 
città di Berna e Losanna i trend sono chiaramente positivi a causa della 
diminuzione delle concentrazioni di NO2. Se si considera Ox, i trend sono 
simili a quelli delle stazioni rurali. Al sud delle Alpi sono stati trovati trend 
lievemente negativi (fino a -1 ppb/anno). In inverno i trend delle stazioni 
settentrionali sono positivi (fino a 0.5 ppb/anno). Nelle stazioni ubicate al sud 
delle Alpi i trend sono pressoché vicini allo zero o perfino negativi. 
È sorprendente che la diminuzione delle emissioni in Europa durante le ultime 
decadi  non sia riscontrabile in distinti trend negativi dell’ozono al nord delle 
Alpi. Per quanto riguarda il sud della Svizzera, tuttavia, ci sono prove che la 
qualità dell’aria  del Nord Italia è migliorata, portando a trend più bassi (meno 
positivi) rispetto a quelli osservati nell’Altipiano svizzero. Ipotizziamo che le 
riduzioni delle emissioni sono compensate da un aumento dell’ozono di fondo. 
Possibili cause per questo effetto sono la forte crescita economica nei paesi 
in via di sviluppo e il continuo aumento dell’intrusione dell’ozono dalla 
stratosfera. 
 
Ordonez C., Mathis H., Furger M., Henne S., Hueglin C., Staehelin J., Prevot 
A. S. H., 2005. Changes of daily surface ozone maxima in Switzerland in all 
seasons from 1992 to 2002 and discussions of summer 2003. Atmospheric 
Chemistry and Physics 5 1187-1203. 
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1 Introduction 
Long-term changes of ozone concentrations are influenced by a variety of 
quantities, in particular meteorological variables and emissions. In order to 
evaluate the contribution of regional and background emissions to changes in 
observed ozone levels, the variability due to meteorology has to be removed. 
Ordonez et al. (2005) have recently investigated the temporal evolution of 
tropospheric ozone over the Swiss Plateau. The authors analyzed the ozone 
trends on the basis of meteorological and air quality measurements taken at 
stations of the Swiss air quality networks NABEL and OSTLUFT (see also 
Sec. 2.1). The study was restricted to 12 air quality stations located in the 
Swiss Plateau. Time period was 1992 to 2002 including a discussion of 
summer 2003. The measurements were corrected for meteorological 
influences on the basis of a multi-linear model approach (see Sec. 3). 
The authors found no significant decrease of ozone concentration over the 
whole Swiss Plateau in spite of substantial emission reduction in the last two 
decades. They attributed those findings to an increase of background ozone 
concentration, which is presumably caused, at least partly, by a rise in 
emissions in developing countries outside Europe.  
The study of Ordonez et al. did not take into account air quality stations south 
of the Alps. Due to the fact that the Alps often act as a barrier for air mass 
exchange, air quality in the north and in the south of the country may 
substantially differ. Moreover, under south wind conditions southern 
Switzerland may be affected by the strong air pollution of the Po Basin. 
Finally, the analysis did not cover the most recent years. Hence, it was 
important to extend the scope of the investigation both in space and time in 
order to complete the picture. 
A first investigation using 11 air quality stations of southern Switzerland 
(Cantons Ticino and Graubünden) was performed in 2002 (Prevot et al., 
2002). The time frame covered the years 1990 – 1999). The methodology of 
correcting the influence meteorological variations was a simple version of that 
applied by Ordonez et al. The authors reported negative trends of daily ozone 
maxima from March to August and positive values during the rest of the year. 
In this study the analysis of the air quality was performed until the end of 
2007. The software developed by Ordonez was modified to process future 
years in an operational manner. Further air quality stations of the cantons 
Ticino and Graubuenden have been included. Sec. 2 is devoted to an 
overview of the monitoring stations and the measured quantities. In Sec. 3 we 
present the fundamentals of the methodology to remove the effect of 
meteorological variability on ozone. Finally, the results are presented in Sec.4. 

2 Air Quality and Meteorological Data 

2.1 Data 
Operational air quality measurements in Switzerland are taken at various 
administrative levels. On the national level, the “Nationales Beobachtungsnetz 
fuer Luftfremdstoffe (NABEL)“ is jointly operated by the Swiss Institute for 
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Materials Research and Technology (Empa) and the Federal Office of 
Environment (FOEN) (Bruggisser et al., 2007; NABEL_FOEN, 2007; 
NABEL_Empa, 2008). Cantons and bigger cities have their own networks, 
some of them being accessible through a common web portal (e.g. OSTLUFT 
for the cantons in eastern Switzerland, OSTLUFT, 2008). For this project, air 
quality and meteorological data (if available) from the cantons Ticino 
(Osservatorio Ambientale della Svizzera italiana, OASI) and Graubuenden 
(Amt fuer Natur und Umwelt, ANU) were taken into account. Details of those 
networks are available on OASI, 2008 and ANU, 2008, respectively. 
It is obvious that meteorological corrections require weather data measured 
close to the air quality station. NABEL stations permanently measure those 
data. In the cantonal data sets, however, they are partly or even totally 
missing. Weather data for incomplete stations were taken from the closest 
Swiss meteorological network ANETZ of MeteoSwiss (MeteoSwiss, 2008). 
Note that this option may result in a systematic bias or in larger data scatter if 
the ANETZ station is far away from the air quality station. 
An important sink of ozone is titration, i.e. the oxidation of NO to NO2 by O3. In 
the vicinity of NO sources the mixing ratio of O3 decreases by the same 
amount as NO2 increases. Hence Ox = O3 + NO2 is a more appropriate 
quantity to characterize ozone trends. Unfortunately, co-located 
measurements of O3 and NO2 are available only at stations of the NABEL and 
the OASI network. The ANU network monitors those two species at different 
sites, which makes them useless for the analysis of Ox. Figure 1 shows the 
locations of the analyzed air quality stations and Table 1 lists their acronyms, 
site types, co-ordinates and the availability of co-located meteorological and 
NO2 measurements. The site type is strongly related to local emissions, in 
particular those of NO and NO2. For instance, the annual averages of NO2 
concentration in 2007 observed at the NABEL stations Bern, Zurich, Taenikon 
and Junfraujoch are reported as 47, 34, 13 and 0.3 µg m-3, respectively 
(BAFU, 2008). Note that due to the network specific terminology the site type 
of similar stations may slightly differ among the 3 networks. 

 
Figure 1: Map of the NABEL (blue), OASI (green) and ANU (red) air quality stations used in 
the analysis.  

The methodology described in Sec. 3 requires, among other quantities, 
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information about the vertical temperature profile at each air quality station. A 
proxy for this profile may be obtained from two ANETZ stations located at 
different altitudes. Those stations are given in Table 2. 

2.2 Instrumentation and data quality assurance for air quality 
measurements 

NABEL / Ozone 
Ozone measurements are performed using the UV absorption in the 254 nm 
band. The Thermal Environmental Instrument TEI 49C is equipped with 2 
absorption cells and 2 detectors. Offset and span are checked automatically 
every 25 hours and manually every 2 weeks. At 3-months' intervals the output 
of the instruments is calibrated with the secondary standard TEI 49C-PS 
which is calibrated with the primary reference photometer of the NABEL. The 
latter is compared with the Swiss primary reference photometer of the Federal 
Office of Metrology once a year. 
The TEI 49C monitor is in use at all NABEL sites since the beginning of this 
decade. Monitor Labs instruments (ML8810, ML9810) have been used before. 
NABEL / NO2 
Various NO / NOX instruments on the basis of chemoluminescence of the 
oxidation reaction of NO with ozone have been used since 1991. Those 
instruments measure NO and NOx separately. NO2 is obtained by subtracting 
NO from NOx. Devices with molybdenum oxide converters (TEI 42C TL, 
Horiba APNA 360) are in use at all NABEL stations except Jungfraujoch. Note 
that those instruments do not measure pure NOx but they also include a 
fraction of various nitrogen compounds (e.g. PAN, HNO3, etc.). At 
Jungfraujoch, an instrument with photolysis converter (CRANOX, Eco 
Physics, CLD770/PLC762) is used. Automatic calibrations are performed 
every day. Molybdenum instruments undergo manual calibrations every 2 
weeks. More details are given in Bruggisser et al., 2007. 
OASI / Ozone 
Horiba (APOA 350-360) or Monitor Labs (ML8810) instruments are used to 
monitor ozone. Calibrations are performed every month (Colombo, 2008). 
ANU / Ozone 
UV absorption instruments Horiba APOA 360E are used at all stations. At 
monthly (summer) or bi-monthly (winter) intervals the instruments are 
calibrated with the secondary standard TEI 49C-PS, which is certified at the 
Federal Office of Metrology every year (Loetscher, 2008). 
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Table 1: NABEL, OASI and ANU stations with their co-ordinates and the availability of 
meteorological, O3 and NO2 measurements. Brackets denote incomplete data sets. 

network station name acro type x (km) y (km) h  
(m a.s.l.) 

met O3 NO2 

                    
NABEL Basel BAS suburban 610890 265605 317 x x x 
  Bern BER urban, traffic 600170 199990 546 x x x 
  Chaumont CHA rural,>1000m 565090 211040 1137 x x x 
  Davos DAV rural,>1000m 784450 187735 1638 x x x 
  Duebendorf DUE suburban 688675 250900 433 x x x 
  Haerkingen HAE rural, traffic 628875 240185 431 x x x 
  Jungfraujoch JUN high alpine 641910 155280 3578 x x x 
  Laegeren LAE rural,<1000m 669780 259020 689 x x x 
  Lausanne LAU urban, traffic 538695 152615 526 x x x 
  Lugano LUG urban 717615 96645 281 x x x 
  Magadino MAG rural,<1000m 715500 113200 204 x x x 
  Payerne PAY rural,<1000m 562285 184775 489 x x x 
  Rigi RIG rural,>1000m 677835 213440 1031 x x x 
  Sion SIO rural, traffic 592540 118755 483 x x x 
  Taenikon TAE rural,<1000m 710500 259810 539 x x x 
  Zuerich ZUE urban 682450 247990 410 x x x 
                    
OASI Bioggio BIO suburban, industry 714170 96525 285 x x x 
  Bodio BOD suburban, industry 713360 137370 330   x x 
  Brione 

s/Minusio 
BRI suburban 706015 115655 480 (x) x x 

  Chiasso CHI urban, traffic 723490 77455 240 (x) x x 
  Locarno LOC urban, traffic 704690 113855 205 (x) (x) x 
                    
ANU Arosa ARO rural, >1000m 770745 183315 1840   x   

  Castaneda CAS rural, <1000m 731320 124230 770 (x) x   
  Chur 

Katonsspital 
CHK suburban 760290 192370 665   x   

  Roveredo 
Municipio 

ROM suburban 730210 121970 320   x   

  St. Moritz 
Schulhaus 

STO suburban, >1000m 784220 152530 1860   x   
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Table 2: Air quality stations, close-by ANETZ stations, and high and low altitude ANETZ (or 
NABEL) stations for the calculation of atmospheric stability. Note that the official acronyms of 
similar NABEL and ANETZ station names are often identical. Data of close-by ANETZ station 
is used only if no or incomplete meteorological measurements are taken at the air quality 
station (OASI and ANU networks). 

network station name close-by ANETZ station  low altitude station  high altitude station 
      (ANETZ or NABEL)  (ANETZ or NABEL) 
          
NABEL Basel Basel-Binningen (BAS) Basel-Binningen (BAS) Laegern (LAE) 
  Bern Bern (BER) Payerne (PAY) Chaumont (CHA) 
  Chaumont Chasseral (CHA) Payerne (PAY) Chaumont (CHA) 
  Davos Davos (DAV) Chur (CHU) Davos (DAV) 
  Duebendorf Zuerich-Kloten (KLO) Duebendorf (DUE) Laegern (LAE) 
  Haerkingen Wynau (WYN) Haerkingen (HAE) Laegern (LAE) 
  Jungfraujoch Jungfraujoch (JUN) Grimsel Hospiz (GRH) Jungfraujoch (JUN) 
  Laegern Laegern (LAE) Zuerich-SMA (SMA) Laegern (LAE) 
  Lausanne Pully (PUY) Lausanne (LAU) Chaumont (CHA) 
  Lugano Lugano (LUG) Lugano (LUG) Cimetta (CIM) 
  Magadino Locarno-Magadino (MAG) Locarno-Magadino (MAG) Cimetta (CIM) 
  Payerne Payerne (PAY) Payerne (PAY) Chaumont (CHA) 
  Rigi Pilatus (PIL) Luzern (LUZ) Rigi (RIG) 
  Sion Sion (SIO) Sion (SIO) Montana (MVE) 
  Taenikon Taenikon (TAE) Taenikon (TAE) Laegern (LAE) 
  Zuerich Zuerich-SMA (SMA) Zuerich-SMA (SMA) Laegern (LAE) 
          
OASI Bioggio Lugano (LUG) Lugano (LUG) Cimetta (CIM) 
  Bodio Piotta (PIO) Piotta (PIO) Cimetta (CIM) 
  Brione s/Minusio Locarno-Monti (LOC) Locarno-Monti (LOC) Cimetta (CIM) 
  Chiasso Stabio (STA) Stabio (STA) Cimetta (CIM) 
  Locarno Locarno-Magadino (MAG) Locarno-Magadino (MAG) Cimetta (CIM) 
          
ANU Arosa Chur-Ems (CHU) Chur-Ems (CHU) Weissfluhjoch (WFJ) 
  Castaneda Locarno-Magadino (MAG) Locarno-Magadino (MAG) Cimetta (CIM) 
  Chur Kantonsspital Chur-Ems (CHU) Chur-Ems (CHU) Cimetta (CIM) 
  Roveredo Municipio Locarno-Magadino (MAG) Locarno-Magadino (MAG) Cimetta (CIM) 
  St. Moritz Schulhaus Samedan (SAM) Samedan (SAM) Corvatsch (COV) 

 

3 Methodology 

3.1 General 
The methodology of correcting ozone and Ox for meteorological variability is 
based on the ANalysis of COVAriance (ANCOVA) described in Ordonez et al. 
(2005) and Crawley, 2007. This approach assumes that the mixing ratios of 
O3 and Ox are multi-linear functions of selected meteorological quantities xi 
such as average afternoon temperature, morning global irradiance or 
afternoon wind direction (see Sec. 3.2 for details). The analysis is performed 
using the statistics package R, which is based on a comfortable syntax and 
supports the dependence on continuous variables (e.g. air temperature) as 
well as on discrete quantities (e.g. wind direction expressed in terms of 
discrete wind sectors).  

3.2 Input data  
Daily values of meteorological quantities are assumed to be responsible for 
the daily O3 and Ox maxima. Averages or sums over a specified time interval 
of the day are taken as independent variables. Table 3 lists those variables 
together with their definitions. Additional information is given in the 
subsequent bullet list. 
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Table 3: Meteorological quantities used as independent variables of the multi-linear analysis. 
(d): discrete variable. 

variable description 
  
aT afternoon temperature  
aRad afternoon global irradiance  
mRad morning global irradiance 
aMR afternoon water vapour mixing ratio 
aSun afternoon sunshine duration 
mSun morning sunshine duration  
aWspeed afternoon wind speed 
mWspeed morning wind speed 
aWdir (d) afternoon wind direction (predominant sectors) 
CBL convective boundary layer mixing height 
CAPE convective available potential energy 

yCAPE CAPE of the previous day (yesterday) 
dTp afternoon potential temperature difference Tl-Th of the low and the high 

altitude ANETZ stations 

Precip (d) precipitation 
yPrecip (d) precipitation on the previous day (yesterday) 
dLightning (d) distant lightning 
ydLightning (d) distant lightning on the previous day (yesterday) 
cLightning (d) close lightning 
ycLightning (d) close lightning on the previous day (yesterday) 
Synoptic (d) synoptic group according to the AWS  
ndF number of days after a frontal passage according to the AWS 
wd (d) day of the week 
 
 
• Morning is defined as the period from 6:00 to 12:00 and afternoon from 

12:00 to 18:00 CET.  
• Either the afternoon temperature aT or the square aT2 was used in the 

multi-linear model depending on which of those quantities explains the 
greater variance. 

• The Convective Boundary Layer (CBL) height and the Convective 
Available Potential Energy (CAPE), which are proxies for the tropospheric 
stability, are calculated from the noon radio sounding data of the 
MeteoSwiss station at Payerne. 

• Another indicator for stability is the difference dTp of the potential 
temperatures observed at different altitudes (see Table 2). 

• Afternoon wind direction aWdir as a discrete variable is defined as 2 to 3 
sectors oriented upwind and downwind of NO2 sources such as 
motorways or industrial areas. Those sectors have been determined on 
the basis of the observed NO2 concentrations for different wind directions. 

• Precipitation and lightning are defined as logic quantities, which are set to 
“true” if they are greater than 0. 
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• The synoptic situation may be characterized by 34 discrete variables 
defined in the “Alpine weather statistics” (Wanner et al., 1998; Grueter et 
al., 2006). Examples are the synoptic classification according to Schüepp, 
the fog top height, the N-S pressure difference and the description of 
passing fronts. From those daily data a discrete variable “synoptic group” 
was created which includes 8 different synoptic situations (3 convective 
and 4 advective types, and a mixed situation). The number of  days after a 
frontal passage “ndF” was derived from AWS front data observed at 
Zuerich. 

3.3 Statistical algorithm 
The linear model supposes a linear correlation of the measured daily 
maximum of the ozone mixing ratio and the meteorological variables (see 
Table 3) at a given station. The general relationship is given in Eq. 1. Ox is 
treated in the same way. 
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where 

O3(meas)   : measured ozone mixing ratio 
O3(pred)   : ozone mixing ratio predicted by the  
     linear model 
xi, i = 1,2, …   : continuous variables 
a0    : intercept 
ai, i = 1,2, …   : coefficients of the continuous variables 
bi1, bi2, bi3, … ,i = 1,2, …  : “coefficients” of the discrete variables yi 
ε    : residual 

Note that bi1, bi2, … are not coefficients to be multiplied with the variable yi. 
They are just numbers which are 0, except that one belonging to the non-zero 
value of the discrete variable. 
The statistics software R delivers the following quantities: 

coefficients a0, a1, a2, … , b11, b12, b13, …, b21, b22, b23, …  
standard errors sa0, sa1, sa2 … 
daily maxima of O3 mixing ratios predicted by the model (values 
located on the “regression plane”) 
residuals ε 

t-value for each coefficient (following Student’s t-distribution) 
probability p = Pr (>|t|) that the coefficient of the variable xi is outside 
the interval [-t,+t]. This is the probability that O3 and the variable xi are 
not correlated (i.e. the variable xi is not significant) and the coefficient ai 
is zero. (falsification of the null hypothesis in the Student’s t-test) 
variance r2 of O3

 explained by the variables of the model 
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sum of squared errors (residuals) SSE 
The algorithm requires daily input data of the full period 1992 – 2007. This 
data is processed for each station and each season separately (e.g. June, 
July and August for summer). For those stations with incomplete or missing 
co-located meteorological data (OASI and ANU network) the procedure is 
also performed with data of the corresponding ANETZ station (Table 2). The 
main steps are described as follows: 
1) The daily maxima of the O3 mixing ratios and the meteorological variables 

(see Table 3) for the full period 1992 – 2007 are used to run the linear 
model (1). Each season and each station are treated separately. The 
model characterizes each independent variable is by its p-value, i.e. the 
probability of not being correlated with O3. 

2) The variable with the highest probability p is removed and the model is run 
again. This procedure is repeated until the most significant variables 
(those with p < 10-8) are left. 

3) In the next step, the model is run with those variables for which p < 10-8. 
Predicted daily O3 mixing ratios are obtained from this model run. 

4) The measured mixing ratios are finally adjusted for meteorological 
variability according to Eq. (2): 
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where avg (O3(meas)) is the measured ozone mixing ratio averaged over 
the seasonal (e.g. summer) data of all years. On average, a seasonal data 
set covering 16 years contains about 1460 days. 

5) The adjusted daily ozone mixing ratios of the full period 1992 – 2007 are 
grouped for each station, season and year. For each group the median 
and the 0.9 quantile (90% percentile) of those distributions are calculated.  

6) From those statistical quantities the linear regression coefficient (trend) 
and the corresponding 95 % confidence interval is calculated for each 
station and season. 

7) The steps 1) to 6) are repeated for Ox for those stations where NO2 
measurements are available. 
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4 Results 

4.1 Most significant meteorological variables 
The tables in Appendix A list the ranking of each significant variable for each 
station and season to explain the variance of O3 and Ox. For those stations 
with their acronyms ending with “_an”, ANETZ data were taken for the 
analysis. The rank is characterized by an integer number and a corresponding 
background color. For instance, the most significant variable is denoted by “1” 
on dark red background. Some variables listed in Table 3 are not significant 
enough for any station and therefore are not included in the tables of 
Appendix A. 
Spring (Tables A1 and A2): 
The most significant variables of the NABEL network are aT, mRad, aMR and 
mSun. At JUN, mRad and aWdir contribute most, at LAE aSun and mSun are 
most relevant. ndF taken from observations at Zurich and wd have a small, 
but not negligible influence.  
For OASI and ANU stations the picture is similar, aT being the most important 
variable. The influences of mSun and aWdir are slightly more pronounced 
than for the NABEL stations. There is some evidence that ndF and wd have a 
stronger influence compared to the NABEL network. If ANETZ data are taken 
instead of co-located met data, the ranking changes slightly. Anywise, aT is 
still most relevant.  
At most stations ozone and Ox are affected by about the same variables. 
Summer (Tables A3 and A4): 
The summer patterns do not differ much from those observed in spring. In the 
north there is an increased sensitivity to ndF. In southern Switzerland 
(including MAG and LUG), however, the number of days after a frontal 
passage observed at Zuerich is not relevant. This suggests that the Alps act 
as barrier separating air masses that are often under the influence of different 
weather regimes. 
Autumn (Tables A5 and A6): 
The sensitivity to mRad vanishes for the NABEL and ANU networks except for 
stations at higher altitude (CHA, DAV, JUN), probably due to formation of fog 
layers in the morning. As a consequence, the irradiance dependence is 
shifted to the afternoon (aRad). There is evidence that variables 
characterizing the vertical convection and temperature profile of the 
troposphere (CAPE, dTp) become more important in autumn. This is 
particularly true for the OASI and ANU stations. 
Winter (Tables A7 and A8): 
In winter, aT becomes less important in favour of aRad. O3 and Ox maxima in 
the south are significantly influenced by dTp, which is a proxy for the 
formation of temperature inversions confining air pollution to shallow layers.  
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4.2 Long term O3 and Ox trends 

4.2.1  Evolution of the seasonal data 
As explained in Sec. 3.3, seasonal medians and 0.9 quantiles of the daily 
maxima of measured and adjusted O3 and Ox mixing ratios were calculated 
for 1992 to 2007. In Appendix B the medians are plotted as a function of time 
together with their linear trend. 
NABEL 
As examples for urban and rural sites north of the Alps and for a rural site in 
the south of the country, the seasonal O3 data of BER (Figures 2 and B1), 
ZUE (Figure B3), TAE (Figure B4) and MAG (Figure B5) are plotted. Note that 
the plot offsets are different for different panels, but the distance (in mm) 
between 2 ticks is kept constant. BER shows a strong ozone increase with 
time. A deviation from the linear trend is evident in spring and summer, the 
steepest increase being between 1994 and 2001. This non-linearity is not 
eliminated when the meteorological correction is applied. As already 
mentioned above, O3 is strongly affected by titration with NO in the vicinity of 
busy streets leading to a modification of the ozone trend compared to clean 
air conditions. Hence, Ox = O3 + NO2 is better suited to represent the long-
term trend close to NO sources. It is evident from Figures 3 and B2 that the 
trend of Ox at BER is closer to linearity than that of ozone. It is obvious that 
the improvement is due to the temporal evolution of NO2, which shows a 
steady decrease until 2001 and levels off afterwards (Figure 4, BAFU, 2008). 
Meteorological adjustment of O3 and Ox mixing ratios is a suitable tool to 
reduce the inter-annual variability of the data points. For instance, the model 
is capable of correcting the high O3 levels (Ox levels in the case of Bern) 
during the 2003 summer heat wave (see also Ordonez et al. (2005)). In some 
cases (e.g. Zurich, summer (Figure B3)) the adjustment leads to a significant 
change of the trend. In general, the fluctuations of the measured values are 
largest in summer and autumn due to greater meteorological variability in 
those seasons.  
OASI / ANU 
Measured data of the OASI and ANU networks tend to scatter slightly more 
than those of the NABEL stations. As mentioned in Sec. 3, meteorological 
data for the adjustment were taken either from the air quality station itself (if 
available) or from a close-by ANETZ station. Both options have their 
drawbacks. The first one often suffers from incomplete data sets whereas in 
the second case the closest ANETZ station is not necessarily representative 
for the in-situ weather (e.g. Chur-Ems is used for Arosa). Figures B6 to B8 
show the measured and adjusted O3 data for BRI, LOC and CAS. Note that 
BRI is located 275 m above LOC. The adjustments were performed using 
both OASI / ANU and ANETZ data. At BRI the meteorological adjustments are 
similar regardless of the source of the meteorological data. After the 
meteorological adjustment, the ozone trends are positive for winter and 
negative for the rest of the year. LOC shows a strong negative trend in 
summer. Neither OASI nor ANETZ based meteorological adjustments 
succeeded in reducing significantly this trend. Summer data are usually better 
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adjusted if ANETZ data are used, despite of the fact that the corresponding 
ANETZ station is often quite far away from the air quality instruments (see 
e.g. CAS, Figure B8). 

 
Figure 2: Measured and corrected (adjusted) time series of daily maximum O3 at the NABEL 
station Bern: annual medians in spring, summer, autumn and winter. The solid line denotes 
the linear evolution during 1992 – 2007. 

 

 
Figure 3: Measured and corrected (adjusted) time series of daily maximum Ox at the NABEL 
station Bern: annual medians in spring, summer, autumn and winter. The solid line denotes 
the linear evolution during 1992 – 2007. 
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Figure 4: Long-term evolution of annual means of NO2 1982 – 2007 for 7 NABEL stations 
(BAFU, 2008). 

 

Plots such as those shown in Figures 2 and B1 - B8 were used to find out in a 
qualitative way if the 1992 – 2002 trends reported in Ordonez et al. (2005) 
continue until 2007. At most stations the trends do not differ substantially 
between that period and 2003 – 2007. Note, however, that for some stations 
the corrected ozone concentrations in spring and summer 2007 appear to be 
significantly lower than in 2006. This effect becomes less distinct in autumn 
and vanishes in winter at most sites. Further years of data must be analyzed 
to know whether 2007 is actually the beginning of an improvement of the air 
quality as a consequence of emission mitigations. 
The average scatter of annual data points relative to the linear trend line may 
be characterized by the mean of the squared errors MSE defined as SSE / (n-
2), where n is the number of data points (years). In Appendix C the explained 
variance r2, the MSE for measured and corrected ozone data as well as their 
ratio are listed for each station and season. A large explained variance is an 
indicator for a substantial impact of meteorology on ozone. After correction, 
the data should scatter less leading to a smaller MSE compared to the 
measured MSE. Values of MSEcorr / MSEmeas lower than 1 indicate that the 
meteorological adjustment leads to a decrease in the interannual variability of 
the seasonal medians of the ozone mixing ratios. The background colours in 
the tables allow a quick classification of the stations according to the following 
thresholds:  
dark magenta: r2 ≥ 65 %, light magenta: r2 ≤45 %,  
dark green: MSEcorr / MSEmeas ≤ 0.4, light green: MSEcorr / MSEmeas ≥ 0.9 
white: rest of the values. 
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In spring (see Table C1), largest r2 values were found at Stations around 
Zurich (DUE, TAE, ZUE) and at LUG. The MSE ratio is smallest for DUE. 
HAE and TAE. Weakest dependence on local meteorology was observed at 
stations located at higher altitudes (DAV, JUN, ARO and STO) and at the 
kerb-site station BER. Apparently, air masses at the Alpine stations are 
decoupled from those in the lowest troposphere. At BER, ozone is much more 
controlled by local NO sources. This is supported by the corresponding 
figures for Ox (not shown in the table): r2 = 56.48 % (29.77 % for O3), 
MSEcorr / MSEmeas = 0.36 (0.97 for O3). After the meteorological adjustment, 
data of the OASI and southern ANU networks show a larger interannual 
variability than those of stations in northern Switzerland. The meteorological 
correction does not reduce significantly this scatter. This is likely due to the 
lower quality or representativeness of the meteorological measurements. 
Other drivers such as air masses associated with pollution from abroad are 
responsible for additional interannual variations. 
The influence of meteorology on summer ozone is more pronounced than in 
spring (see Table C2). The explained variance is greater than 65 % for most 
of the NABEL stations (including LUG and MAG). Note that none of the OASI 
and ANU stations show r2 values in this range. On the one hand, this result 
may be caused by incomplete meteorological data sets measured at the same 
site as the air quality data. On the other hand, data of more distant ANETZ 
stations are less representative. Nonetheless, adjusting the ozone data for 
meteorological variations leads to a reduction of the interannual variability at 
every station except at LOC. 
For autumn data  r2 ≥ 65 % holds for most stations of the NABEL and OASI 
network (Table C3). A reduction of interannual variability in the adjusted 
ozone concentrations is observed at most of the stations of those networks. 
Exceptions are DAV, LAE and LAU. Data from ANU are less sensitive to 
meteorological variations except the ROM data. Smallest reductions or even 
increases of the interannual variability after meteorological adjustment were 
observed at higher altitudes (e.g. DAV, JUN, ARO, STO) and at the urban site 
LAU.  
In winter the explained variance is lower than in autumn (see Table C4). 
Stations at lower altitudes mostly show a substantial decrease of the MSE 
ratio whereas locations at higher levels are again less affected by local 
meteorology.  

4.2.2  Trend slopes 
The measured and corrected (adjusted) trend slopes of the medians and 0.9 
quantiles of O3 and Ox are summarized in Appendix D (Figures D1-D8). An 
example of those plots is also given in Figure 5. NABEL (blue), OASI (green) 
and ANU (red) stations are classified according to their geographic region: (1) 
the Swiss Plateau, (2) a line roughly along the headwaters of the rivers Rhone 
and Rhine, (3) southern Switzerland, and (4) the Engadin valley. The error bar 
denotes the 95 % confidence interval. 
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Figure 5: Corrected (adjusted) trends of the O3 medians in summer,  
1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU (red) are 
classified according to their geographic region. The error bar denotes the 95 % confidence 
interval. 

Spring trends of the measured O3 median (Figure D1) are around 
+0.4 ppb / yr for most of the NABEL stations. At the urban sites LAU and 
BER, however, the trends are significantly larger (0.9 and 2.2 ppb / yr, 
respectively) due to the strong negative trend of NOx concentrations. This 
anomaly disappears particularly for LAU and to a lesser extent for BER if Ox is 
plotted. Stations of the OASI and the ANU network show measured O3 trends 
that do not significantly differ from zero. This finding is somewhat puzzling 
since the southern NABEL stations LUG and MAG, which are located close to 
BIO and BRI, respectively, clearly show positive trends. After meteorological 
adjustment, the trends are slightly lower. The choice of the met data source 
seems to be important only for CHI. The use of data measured at the ANETZ 
station Stabio (STA) yields significantly lower trends (◊) than those taken at 
CHI itself (X), probably because STA is not sufficiently representative for the 
meteorological conditions at CHI. In addition, the measurements taken at CHI 
are less reliable in terms of quality and completeness compared to the ANETZ 
data. ANU stations show ozone trends similar to those of the OASI network. 
Ox trends show the same pattern as those of O3, both for the measured and 
the corrected data. The Ox trends are comparable with those of O3 except for 
BER, LAU, CHI and LOC. The latter, in particular, is most negative. The 
reason for this anomalous behaviour is not yet clear. Remember that the ANU 
database does not contain any Ox data due to missing co-located NO2 
measurements. 
In short, small positive O3 trends and nearly vanishing Ox trends of the 
median were found in the Swiss Plateau. In the south there is evidence for a 
negative trend of Ox in LOC and BRI. The 0.9 quantiles of O3 and Ox (Figure 
D5) are close to zero north of the Alps and negative for the stations of the 
OASI and ANU networks. Note that there are larger uncertainties for the 
stations south of the Alps. 
In summer (Figure D2) the trend patterns are similar to those in spring, but 
the absolute values of the corrected ozone trends at the NABEL stations 
(including LUG and MAG) are close to zero. As already reported in Ordonez 
et al. (2005), the trend at ZUE is slightly negative. Data of the OASI network 
show negative trends at LOC, BRI and BOD, whereas the value at BIO is 
similar to that observed at the NABEL station LUG. The behaviour of CHI is 
special in the sense that the meteorological adjustment does strongly depend 
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on the location of the weather station. Using measurements taken at CHI 
results in significantly positive trends. Negative values, however, were found if 
the adjustment is based on the more reliable ANETZ data of Stabio. 
Corrected ANU trends are all negative; they are consistent with most OASI 
data. As already addressed above, the seasonal trend of the median of the 
ozone concentration is reduced after the meteorological adjustment. As a 
consequence of the reduced year-to-year variability after meteorological 
adjustment, the 95 % confidence intervals of the adjusted trends are lower 
than those of the measured data. The confidence intervals of the OASI and 
the ANU trends are generally greater than those observed at the NABEL 
stations. 
To sum up, corrected Ox trends in the Swiss Plateau are slightly negative, in 
particular at Zurich and Duebendorf. This negative trend is more pronounced 
south of the Alps, probably as a consequence of emission reductions in 
northern Italy. Note that trend at LOC is substantially more negative than 
those observed at the other stations. In particular, the trends at the NABEL 
stations MAG and LUG are close to zero, although the former is relatively 
close to LOC and the latter is also an urban site. A possible displacement of 
the station at LOC or a change of the close-by traffic regime (e.g. closure of 
roads) are not expected to produce a continuous change of the maximum 
concentration. Hence, the inconsistency of the LOC data is not yet fully 
understood. 
In autumn (Figure D3), corrected ozone and Ox trends are slightly positive or 
around zero for most stations and the 95 % confidence intervals are lower 
than in summer. The differences of the values of LOC and those taken at the 
other southern stations are lower than those found for summer. 
Finally, adjusted winter trends (Figure D4) of O3 and even of Ox are mostly 
positive. This is particularly true for the NABEL stations, whereas the trends at 
the OASI and ANU stations are close to zero. The 95 % confidence intervals 
are similar to those found in spring and autumn.  
The trends of the adjusted 0.9 quantiles (Figures D5-D8) are slightly lower 
than the values for the medians (Figures D1-D4), but the difference is 
insignificant. The 95 % confidence intervals are comparable except in autumn 
where the 0.9 quantiles scatter more. 

5 Summary and Conclusions 
The trends of ozone and Ox mixing ratios (seasonal medians of daily maxima) 
from 1992 to 2002 were investigated by Ordonez et al. (2005 using 
meteorological and air quality measurements at selected NABEL and 
OSTLUFT stations of the Swiss Plateau. The authors developed a statistical 
model to remove variations caused by meteorological changes before they 
derived the trends. In this study we extended the database taking into account 
all NABEL stations as well as selected stations of the OASI (Canton of Ticino) 
and ANU (Canton of Graubünden) networks. The time period was enlarged to 
1992 – 2007. The main findings and conclusions are summarized in the 
following list: 
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• Maximum daily ozone mixing ratio in spring and summer depends mainly 
on afternoon temperature and morning solar irradiance. In summer there is 
an increased sensitivity to the number of days after a frontal passage for 
the stations north of the Alps. Variables that characterize the vertical 
convection and temperature profile become more important in autumn and 
winter. This is particularly true for southern stations. Data of stations at 
higher altitudes such as Jungfraujoch or Davos are less sensitive to the 
local afternoon temperature due to the decoupling of air masses at the 
observation sites from the regions of photochemical activity. 

• The 1992-2007 trends of O3 and Ox observed at the NABEL stations of the 
Swiss Plateau are consistent with those derived by Ordonez et al. (2005) 
for 1992-2002. In general, no significant change has been detected since 
2002. However, at some stations there is evidence that the corrected 
ozone concentrations in spring and summer 2007 are lower than those of 
the previous year. This effect becomes less distinct in autumn and 
vanishes in winter at most sites. There is no clear difference between 
those changes observed at stations north and south of the Alps. Air quality 
and meteorological data of a few more years are required before a 
sustainable trend reversal due to emission reductions is confirmed. 

• For most stations the meteorological adjustment procedure is capable of 
removing even extreme temperature amplitudes such as those in 2003. In 
summer, the scatter of the annual data around the trend line becomes 
significantly smaller after the adjustment. In the other seasons the inter-
annual fluctuation of ozone due to meteorology is smaller. Hence, such 
variability is less reduced than in summer after the meteorological 
adjustment. 

• Trend coefficients of meteorologically corrected peak ozone (median) in 
spring are slightly positive (about 0.4 ppb / yr) for NABEL stations 
including Magadino and Lugano. The coefficients of the OASI stations are 
slightly negative. Using meteorological data from the closest ANETZ 
station instead of taking those from OASI does not significantly change the 
correction except for Chiasso. Due to the poor representativeness of the 
ANETZ station Stabio for the conditions at Chiasso, the trend coefficient is 
lower than expected (about - 0.3 ppb / yr). ANU data show similar trend 
coefficients as those of OASI. However, the null trend is still within the 
95 % confidence interval. The Ox trends are slightly lower. Trends of O3 
data for the kerbside stations Lausanne and Bern are significantly greater 
than for the rest of the stations. This is attributed to the strong long-term 
decrease of NOx concentration. The ozone mixing ratios observed at street 
level are substantially smaller than those at suburban and rural areas due 
to titration of O3 with NO. Ox is less sensitive to NO sources and its trend 
at LAU and BER is similar to that in a suburban or rural environment. 
In summer the O3 trend is around zero for most of the NABEL stations and 
somewhat more negative around the region of Zuerich. For the OASI and 
ANU stations the coefficients are negative. The most negative value was 
found for Locarno, a site in the city centre, regardless of the source of 
meteorological data used. This anomaly cannot be attributed to a 
decrease in NOx concentration because the Ox trend is even lower 
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compared to other stations in the vicinity of Locarno. It is evident that the 
95 % confidence intervals of the trends are significantly reduced if the 
meteorological adjustment is applied. 
Autumn trends are slightly positive or around zero and the 95 % 
confidence intervals are lower than in summer. 
Finally, adjusted winter trends are more positive than in autumn. This is 
particularly true for the NABEL stations, whereas the trends at the OASI 
and ANU stations are close to zero. The 95 % confidence intervals are 
similar to those found in spring and autumn.  

• The trends of the adjusted 0.9 quantiles are slightly lower than the values 
for the medians, but the difference is insignificant. In spring and summer 
the trends of 0.9 quantiles of Ox at the stations south of the Alps are 
remarkably lower than those of the Swiss Plateau. In autumn and winter 
the differences are smaller, but still in evidence. 

• The data set of the NABEL network is well documented and more 
complete than the OASI and ANU data. In particular, a unified set of 
meteorological quantities is measured at all stations. Note, however, that 
the air quality instruments of all networks are checked and calibrated at 
regular intervals. NABEL stations measure air quality and meteorological 
quantities at the same site, whereas only a limited number of OASI and 
ANU air quality stations are equipped with meteorological instruments. For 
a reliable meteorological adjustment of the daily maximum ozone, 
however, complete and co-located weather data are required. As an 
alternative, we used the meteorological measurements taken at the 
closest ANETZ station. The drawback of this solution is that those ANETZ 
stations are often far away from the air quality instruments, i.e. they are 
not sufficiently representative. This leads to an increased interannual 
variability in the adjusted ozone mixing ratios and therefore larger trend 
errors. 
Ozone and NO2 are not measured at the same ANU stations. Hence, no 
Ox data can be analyzed for those stations. 

• LOC shows strong negative summer trends of O3 and Ox. The reason is 
not clear. The site is located in the urban area of Locarno, similar to that of 
the NABEL station Lugano. According to information from the OASI 
responsible, the station has never been moved since 1992. Finally, the 
gradual decrease of O3 and Ox observed at one single station cannot be 
explained by changes in the car fleet composition or technology. 

• A comparison with the period 1992 – 1999 in southern Switzerland 
investigated by Prevot et al., 2002 shows that the seasonal dependence is 
qualitatively reproduced. Meteorologically adjusted ozone trends are 
mainly negative in summer and positive in winter. The absolute values 
found in this study, however, are much smaller. The trends are roughly 
between – 1 and 1 ppb / yr, whereas values between about - 2 and 
2 ppb / yr were reported in the former project. There are also larger 
differences between the trends observed at different stations. The smaller 
interannual variability of winter ozone concentrations compared to summer 
was reproduced in this study. 
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• It is surprising that the decrease of emissions in Europe during the last 
decades is not visible in distinct negative ozone trends north of the Alps. 
For southern Switzerland, however, there is evidence that the air quality in 
northern Italy improved leading to lower (less positive) trends than those 
observed in the Swiss Plateau. We suppose that the emission mitigations 
are compensated by an increasing ozone background. Possible reasons 
for this effect are the strong economic growth in developing countries and 
a continuous increase of the ozone intrusion from the stratosphere. 

6 Acronyms 
ANCOVA Analysis of Covariance 
ANU  Amt für Natur und Umwelt (Graubünden) 
BAFU  Bundesamt für Umwelt  
CAPE  Convective Available Potential Energy 
CBL  Convective Boundary Layer 
FOEN  Federal Office of Environment 
NABEL Nationales Beobachtungsnetz für Luftfremdstoffe 
OASI  Osservatorio Ambientale della Svizzera Italiana (Ticino) 
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Table A1 : Ranking of the meteorological variables explaining the variance of O3 and Ox. NABEL, spring. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
spring NABEL BAS O3 1   2 3         4                 

      Ox 1     2     3                     
                                          
    BER O3 1     2             3         4   
      Ox 1     2   3                 4 5   
                                          
    CHA O3 1     2   3                       
      Ox 1     2   3                 4     
                                          
    DAV O3 1   2 3                           
      Ox 1   2 3                           
                                          
    DUE O3 1 2 3 4                       5   
      Ox 1   2 3       4                   
                                          
    HAE O3 1 2 3       4   5             6   
      Ox 1     2   3 4           5     6   
                                          
    JUN O3     1           2                 
      Ox     1           2                 
                                          
    LAE O3         1 2         3             
      Ox         1 2         3       4     
                                          
    LAU O3 1     2   3       4           5   
      Ox 1     2     3           4   5 6   
                                          
    LUG O3 1   2           3             4   
      Ox 1   2           3     4 5         
                                          
    MAG O3 1   2                 3           
      Ox 1   2                 3           
                                          
    PAY O3 1     2 3                         
      Ox 1     2 3   4               5     
                                          
    RIG O3 1 2 3 4                           
      Ox 1 2 3                       4     
                                          
    SIO O3 1     2   3                       
      Ox 1     2   3                 4     
                                          
    TAE O3 1   2 3                           
      Ox 1   2 3                           
                                          
    ZUE O3 1   2 3             4         5   
      Ox 1   2 3       4                   
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Table A2: Ranking of the meteorological variables explaining the variance of O3 and Ox. OASI / ANU, spring. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
spring OASI BIO O3 1   3           2                 

      Ox 1   4       2   3                 
    BIO_an O3 1   3           2                 
      Ox 1   3           2                 
                                          
    BOD O3                                   
      Ox                                   
    BOD_an O3 1   5 2     3   4       6         
      Ox 1     2   4     3                 
                                          
    BRI O3 1         2                 3     
      Ox 1         2                 3     
    BRI_an O3 1   2                       3     
      Ox 1   4         2             5     
                                          
    CHI O3 1         2                   3   
      Ox 1         2             3         
    CHI_an O3 1   3           2                 
      Ox 1         3     2                 
                                          
    LOC O3 1   2                         3   
      Ox 1   2                   3         
    LOC_an O3 1   2                         3   
      Ox 1         3 2                     
                                          
  ANU ARO O3                                   
    ARO_an O3 1   3 2                           
                                          
    CAS O3 1         2                 3     
    CAS_an O3 1   3           2           4     
                                          
    CHK O3                                   
    CHK_an O3 1   5 2     3       4             
                                          
    ROM O3                                   
    ROM_an O3 1   3           2           4     
                                          
    STO O3                                   
    STO_an O3 1   3       2                     
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Table A3 : Ranking of the meteorological variables explaining the variance of O3 and Ox. NABEL, summer. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
summer NABEL BAS O3 1   2 3     4       5       6     

      Ox 1   2 3     4       5       6     
                                          
    BER O3 1         2             3     4   
      Ox 1         2                 3 4   
                                          
    CHA O3 1         2     3           4     
      Ox 1         2     3           4 5   
                                          
    DAV O3 1   2                       3     
      Ox 1   2                       3     
                                          
    DUE O3 1     2     3               4     
      Ox 1     2     3               4 5   
                                          
    HAE O3 1   2 3         4           5     
      Ox 1     2     3           4   5 6   
                                          
    JUN O3 1   2                             
      Ox 1   2                             
                                          
    LAE O3 1     2       3             4     
      Ox 1     2       3             4 5   
                                          
    LAU O3 1         2                 3 4   
      Ox 1         2 3           4   5 6   
                                          
    LUG O3 1   2 3         4     5           
      Ox   1 2 3               4       5   
                                          
    MAG O3 1   2 3     4   5     6           
      Ox 1   2 3     4   5     6           
                                          
    PAY O3 1   2 3         4   5       6     
      Ox 1   2 3           4 5       6 7   
                                          
    RIG O3 1     2             3       4 5   
      Ox 1     2   3                 4 5   
                                          
    SIO O3 1         2                       
      Ox 1                           2 3   
                                          
    TAE O3 1   2           3           4     
      Ox 1   2         3 4           5     
                                          
    ZUE O3 1     2     3               4     
      Ox 1     2                 3   4     
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Table A4: Ranking of the meteorological variables explaining the variance of O3 and Ox. OASI / ANU, summer. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
summer OASI BIO O3 1         3                     2 

      Ox 1         3                     2 
    BIO_an O3   1 4 2         3       5         
      Ox     3 1         2       4         
                                          
    BOD O3                                   
      Ox                                   
    BOD_an O3 1   5       2       3           4 
      Ox 1   5       2       3           4 
                                          
    BRI O3 1         4         2           3 
      Ox 1                       2         
    BRI_an O3 1   5 2     3                   4 
      Ox 1   5 2     3                   4 
                                          
    CHI O3 1   2                             
      Ox 1   2                         4   
    CHI_an O3 1   3           2                 
      Ox 1   4           2   3         5   
                                          
    LOC O3 1                                 
      Ox 1                                 
    LOC_an O3 1     2                         3 
      Ox 1   4 2                         3 
                                          
  ANU ARO O3                                   
    ARO_an O3 1 2       3                       
                                          
    CAS O3 1         2             4         
    CAS_an O3 1   4 2                 5       3 
                                          
    CHK O3                                   
    CHK_an O3 1 2       4 3           6   5     
                                          
    ROM O3                                   
    ROM_an O3 1   4 2                 6       3 
                                          
    STO O3                                   
    STO_an O3 1   3       2                     
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Table A5 : Ranking of the meteorological variables explaining the variance of O3 and Ox. NABEL, autumn. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
autumn NABEL BAS O3 1     2         3   4   5 7   6   

      Ox 1     2     3   4         5       
                                          
    BER O3 1     2             3         4   
      Ox 1     2 3           4         5   
                                          
    CHA O3 1 2   3 4                         
      Ox 1 2 3             4               
                                          
    DAV O3 1   2 3             4             
      Ox 1   2 3             4             
                                          
    DUE O3 1     2 3   4             7 5 6   
      Ox 1     2         3                 
                                          
    HAE O3 1   2 3     4   5         7   6   
      Ox 1     2 3   4   5         7   6   
                                          
    JUN O3     1 2               3           
      Ox     1                             
                                          
    LAE O3 1 2   3       4                   
      Ox 1 2   3                           
                                          
    LAU O3 1 2   3       4           6   5   
      Ox 1     2 3         4       5       
                                          
    LUG O3 1       2       3       4     5   
      Ox 1       2       3     4           
                                          
    MAG O3 1 2         3   4     5           
      Ox 1       2   3         4           
                                          
    PAY O3 1     2 3       4       5 6       
      Ox 1     2 3               4 5       
                                          
    RIG O3 1 2   3 4       5         6       
      Ox 1 2                 3     4       
                                          
    SIO O3 1 2   3     4       5   6     7   
      Ox 1     2             3             
                                          
    TAE O3 1 2   3       4 5   6   7 9   8   
      Ox 1     2 3       4         5       
                                          
    ZUE O3 1 2   3     4       5   6 8   7   
      Ox 1     2 3                 4       
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Table A6: Ranking of the meteorological variables explaining the variance of O3 and Ox. OASI / ANU, autumn. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
autumn OASI BIO O3 1   4       2       3             

      Ox   1       4       2 3             
    BIO_an O3 1   4   2           3   5         
      Ox 1 2       5       3 4             
                                          
    BOD O3                                   
      Ox                                   
    BOD_an O3 1 2         3       4   5         
      Ox         2   1       3             
                                          
    BRI O3 1       2 4         3   5         
      Ox 1       2 4         3       5     
    BRI_an O3 1       3 5 2       4             
      Ox 1   6   3   2     4 5       7     
                                          
    CHI O3 1   3               2       4     
      Ox 1         3         2   5   4     
    CHI_an O3 1 2 4               3       5     
      Ox 1   3               2   5   4     
                                          
    LOC O3 1   3               2   4         
      Ox 1   4             2 3             
    LOC_an O3   1       4         2   5       3 
      Ox   1   2   4                     3 
                                          
  ANU ARO O3                                   
    ARO_an O3 1     2   4         3             
                                          
    CAS O3 1         3         2   4         
    CAS_an O3 1 2       4         3             
                                          
    CHK O3                                   
    CHK_an O3 1         4   3     2   5         
                                          
    ROM O3                                   
    ROM_an O3   1       4         2   5       3 
                                          
    STO O3                                   
    STO_an O3   1         2           3     4   
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Table A7 : Ranking of the meteorological variables explaining the variance of O3 and Ox. NABEL, winter. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
winter NABEL BAS O3 1 2   3     4   5       6 9 7 8   

      Ox 1 2   3 4         5       6       
                                          
    BER O3 1     2                 3     4   
      Ox 1     2   3       4     5     6   
                                          
    CHA O3 1 2   3 4                 5       
      Ox 1 2   3 4                         
                                          
    DAV O3 1 2 3 4                   5       
      Ox 1 2 3 4 5                 6       
                                          
    DUE O3 1 2   3     4               5 6   
      Ox   1             2 3               
                                          
    HAE O3   1         2   3 4       7 5 6   
      Ox   1             2         4   3   
                                          
    JUN O3   1                               
      Ox   1                               
                                          
    LAE O3 1       2         3     4 5       
      Ox         1 2                       
                                          
    LAU O3   1   2     3               4 5   
      Ox   1                       2       
                                          
    LUG O3   1   2                 3     4   
      Ox   1     2               3         
                                          
    MAG O3 1 2   3 4 5             6     7   
      Ox   1   2 3               4         
                                          
    PAY O3 1 2   3     4           5 7   6   
      Ox   1 2 3 4   5   6 7               
                                          
    RIG O3 1 2   3 4                 5       
      Ox 1 2   3 4                         
                                          
    SIO O3   1   2   3 4           5     6   
      Ox   1   2 3 4       5               
                                          
    TAE O3   1           2 3       4 7 5 6   
      Ox   1     2   3   4         5       
                                          
    ZUE O3   1   2     3           4 7 5 6   
      Ox   1                     2 3       
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Table A8: Ranking of the meteorological variables explaining the variance of O3 and Ox. OASI / ANU, winter. 3, e.g., denotes the third most relevant variable. 
season network station species aT aRad mRad aMR aSun mSun aWsp mWsp aWdir CBL CAPE yCAPE dTp Precip ndF wd mWdir 

                                          
winter OASI BIO O3 1       2 3             4         

      Ox           1                       
    BIO_an O3 1 2   3                 4     5   
      Ox   1     2               3         
                                          
    BOD O3                                   
      Ox                                   
    BOD_an O3   1   2     3           5   4     
      Ox   1   2                 3     4   
                                          
    BRI O3 1       2 3             4         
      Ox 1         2                       
    BRI_an O3 1 2   3 5       4             6   
      Ox   1     2               3         
                                          
    CHI O3   1                     2     3   
      Ox 1 2                     3     4   
    CHI_an O3 1 2   3 5   4           6     7   
      Ox 1     2         3       4     5   
                                          
    LOC O3   1 2                   3     4   
      Ox   1                               
    LOC_an O3   1   2 4   3           5     6   
      Ox   1     2               3         
                                          
  ANU ARO O3                                   
    ARO_an O3 1   2                             
                                          
    CAS O3 1       2 3             4         
    CAS_an O3 1   3 2                           
                                          
    CHK O3                                   
    CHK_an O3 1 2   3       4         5         
                                          
    ROM O3                                   
    ROM_an O3 1 2   3                 4         
                                          
    STO O3                                   
    STO_an O3   1         2           3     4   
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Appendix B 
 
 

Evolution of measured and corrected (adjusted) seasonal 
O3 and Ox mixing ratios at selected stations in 

 spring, summer, autumn and winter, 1992 – 2007.  
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Figure B1: Measured and corrected (adjusted) time series of daily maximum O3 at the NABEL 
station Bern: annual medians in spring, summer, autumn and winter. The solid line denotes 
the linear evolution during 1992 – 2007. 

 

 
Figure B2: Measured and corrected (adjusted) time series of daily maximum Ox at the NABEL 
station Bern: annual medians in spring, summer, autumn and winter. The solid line denotes 
the linear evolution during 1992 – 2007. 
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Figure B3: Measured and corrected (adjusted) time series of daily maximum O3 at the NABEL 
station Zurich: annual medians in spring, summer, autumn and winter. The solid line denotes 
the linear evolution during 1992 – 2007. 

 

 
Figure B4: Measured and corrected (adjusted) time series of daily maximum O3 at the NABEL 
station Tänikon: annual medians in spring, summer, autumn and winter. The solid line 
denotes the linear evolution during 1992 – 2007. 
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Figure B5: Measured and corrected (adjusted) time series of daily maximum O3 at the NABEL 
station Magadino: annual medians in spring, summer, autumn and winter. The solid line 
denotes the linear evolution during 1992 – 2007. 
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Figure B6: Measured and corrected (adjusted) time series of daily maximum O3 at the OASI 
station Brione s/Minusio: annual medians in spring, summer, autumn and winter. 
Meteorological data were taken from Brione (left) or from Locarno-Monti (ANETZ) (right). The 
solid line denotes the linear evolution during 1992 – 2007. 
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Figure B7: Measured and corrected (adjusted) time series of daily maximum O3 at the OASI 
station Locarno: annual medians in spring, summer, autumn and winter. Meteorological data 
were taken from Locarno (left) or from Locarno-Magadino (ANETZ) (right). The solid line 
denotes the linear evolution during 1992 – 2007. 
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Figure B8: Measured and corrected (adjusted) time series of daily maximum O3 at the ANU 
station Castaneda: annual medians in spring, summer, autumn and winter. Meteorological 
data were taken from Castaneda (left) or from Locarno-Magadino (ANETZ) (right). The solid 
line denotes the linear evolution during 1992 – 2007. 
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Appendix C 
 
 

Explained variance and mean square errors of measured and 
corrected (adjusted) seasonal O3, 1992 – 2007. 
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Table C1: Explained variance r2 and mean square errors of measured (MSE meas) and 
corrected (MSE corr) ozone mixing ratio. Spring 1992 - 2007 

 
season network station species r2 

(%) 
MSE meas 

(ppb) 
MSE corr 

(ppb) 
MSE corr / MSE meas 

        
spring NABEL BAS O3 64.65 9.13 4.21 0.46 
  BER  29.77 15.67 15.13 0.97 
  CHA  53.50 10.56 9.49 0.90 
  DAV  41.88 3.27 2.31 0.71 
  DUE  70.61 9.01 2.68 0.30 
  HAE  63.08 10.65 3.25 0.31 
  JUN  14.52 8.34 6.44 0.77 
  LAE  61.76 5.08 4.77 0.94 
  LAU  49.87 5.52 3.65 0.66 
  LUG  65.42 15.86 8.38 0.53 
  MAG  57.10 20.59 20.34 0.99 
  PAY  63.46 4.70 2.60 0.55 
  RIG  57.64 6.10 4.85 0.80 
  SIO  56.76 6.54 3.76 0.57 
  TAE  66.84 7.57 2.77 0.37 
  ZUE  69.96 10.84 5.22 0.48 
        

 OASI BIO O3 57.07 14.48 18.67 1.29 
  BIO_an  57.92 14.48 14.46 1.00 
  BOD      
  BOD_an  46.03 28.46 32.64 1.15 
  BRI  52.85 11.15 10.60 0.95 
  BRI_an  53.57 11.15 8.35 0.75 
  CHI  63.95 33.85 24.96 0.74 
  CHI_an  64.73 33.85 26.09 0.77 
  LOC  57.21 17.90 22.57 1.26 
  LOC_an  54.96 17.90 17.05 0.95 

        
 ANU ARO O3     
  ARO_an  44.00 4.49 4.84 1.08 
  CAS  50.11 5.80 9.43 1.63 
  CAS_an  51.99 5.80 5.22 0.90 
  CHK      
  CHK_an  55.89 10.79 5.63 0.52 
  ROM      
  ROM_an  55.77 14.20 13.13 0.92 
  STO      
  STO_an  40.85 10.56 8.98 0.85 

 
r2 ≤45 %     45 %< r2 < 65 %     r2 ≥ 65 %   
 
 MSEcorr / MSEmeas ≤ 0.4   0.4 < MSEcorr / MSEmeas < 0.9    MSEcorr / MSEmeas ≥ 0.9   
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Table C2: Explained variance r2 and mean square errors of measured (MSE meas) and 
corrected (MSE corr) ozone mixing ratio. Summer 1992 - 2007 

 
season network station species r2 

(%) 
MSE meas 

(ppb) 
MSE corr 

(ppb) 
MSE corr / MSE meas 

        
summer NABEL BAS O3 75.18 49.78 6.94 0.14 
  BER  39.95 38.57 16.35 0.42 
  CHA  72.40 31.64 5.77 0.18 
  DAV  49.73 9.27 4.07 0.44 
  DUE  77.63 45.97 3.81 0.08 
  HAE  70.56 48.19 10.03 0.21 
  JUN  10.05 6.73 5.04 0.75 
  LAE  77.35 39.27 4.48 0.11 
  LAU  64.59 20.88 8.09 0.39 
  LUG  66.53 55.51 9.26 0.17 
  MAG  66.47 42.15 7.51 0.18 
  PAY  72.25 28.19 3.74 0.13 
  RIG  68.94 34.08 7.46 0.22 
  SIO  66.11 16.17 3.25 0.20 
  TAE  73.48 30.17 2.94 0.10 
  ZUE  76.37 44.13 4.29 0.10 

        
 OASI BIO O3 49.09 50.68 18.77 0.37 
  BIO_an  56.19 50.68 8.89 0.18 
  BOD      
  BOD_an  52.54 21.35 15.34 0.72 
  BRI  41.95 70.74 28.19 0.40 
  BRI_an  50.94 70.74 19.17 0.27 
  CHI  62.09 94.77 30.11 0.32 
  CHI_an  64.27 94.77 33.65 0.36 
  LOC  41.75 32.25 32.68 1.01 
  LOC_an  55.94 32.25 17.84 0.55 

        
 ANU ARO O3     
  ARO_an  50.50 16.12 8.04 0.50 
  CAS  40.83 62.34 35.53 0.57 
  CAS_an  50.03 62.34 13.48 0.22 
  CHK      
  CHK_an  63.83 26.12 5.67 0.22 
  ROM      
  ROM_an  61.05 50.33 7.65 0.15 
  STO      
  STO_an  43.44 20.95 12.08 0.58 

 
r2 ≤45 %     45 %< r2 < 65 %     r2 ≥ 65 %   
 
 MSEcorr / MSEmeas ≤ 0.4   0.4 < MSEcorr / MSEmeas < 0.9    MSEcorr / MSEmeas ≥ 0.9   
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Table C3: Explained variance r2 and mean square errors of measured (MSE meas) and 
corrected (MSE corr) ozone mixing ratio. Autumn 1992 - 2007 
 

season network station species r2 (%) MSE meas 
(ppb) 

MSE corr 
(ppb) 

MSE corr / MSE meas 

        
autumn NABEL BAS O3 74.08 17.09 4.45 0.26 
  BER  50.99 5.54 4.27 0.77 
  CHA  62.19 6.74 4.87 0.72 
  DAV  43.09 3.33 3.60 1.08 
  DUE  77.12 8.39 5.58 0.67 
  HAE  70.68 6.13 2.56 0.42 
  JUN  25.96 6.41 5.44 0.85 
  LAE  69.65 4.26 4.99 1.17 
  LAU  68.15 4.59 6.22 1.36 
  LUG  75.58 18.26 4.71 0.26 
  MAG  73.61 16.40 5.51 0.34 
  PAY  77.50 6.39 3.87 0.61 
  RIG  61.38 5.21 4.66 0.89 
  SIO  75.76 6.44 4.13 0.64 
  TAE  78.02 6.67 4.76 0.71 
  ZUE  79.91 8.82 4.74 0.54 
        
 OASI BIO O3 69.07 19.45 7.42 0.38 
  BIO_an  70.12 19.45 4.02 0.21 
  BOD      
  BOD_an  60.65 23.45 7.71 0.33 
  BRI  65.79 20.76 4.49 0.22 
  BRI_an  66.93 20.76 3.98 0.19 
  CHI  72.23 35.45 6.05 0.17 
  CHI_an  73.27 35.45 9.88 0.28 
  LOC  68.65 33.76 12.28 0.36 
  LOC_an  69.82 33.76 8.28 0.25 
        
 ANU ARO O3     
  ARO_an  36.41 5.89 5.76 0.98 
  CAS  58.61 10.93 8.23 0.75 
  CAS_an  57.91 10.93 11.33 1.04 
  CHK      
  CHK_an  59.52 4.90 4.95 1.01 
  ROM      
  ROM_an  66.23 20.90 10.21 0.49 
  STO      
  STO_an  43.14 4.56 5.52 1.21 

 
r2 ≤45 %     45 %< r2 < 65 %     r2 ≥ 65 %   
 
 MSEcorr / MSEmeas ≤ 0.4   0.4 < MSEcorr / MSEmeas < 0.9    MSEcorr / MSEmeas ≥ 0.9   
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Table C4: Explained variance r2 and mean square errors of measured (MSE meas) and 
corrected (MSE corr) ozone mixing ratio. Winter 1992 - 2007 

 
season network station species r2 

(%) 
MSE meas 

(ppb) 
MSE corr 

(ppb) 
MSE corr / MSE meas 

        
winter NABEL BAS O3 60.45 35.70 3.88 0.11 
  BER  29.76 6.08 2.22 0.37 
  CHA  48.99 4.39 4.91 1.12 
  DAV  48.41 1.16 1.54 1.33 
  DUE  58.90 21.76 2.90 0.13 
  HAE  61.21 13.28 1.98 0.15 
  JUN  8.64 2.02 1.76 0.87 
  LAE  27.94 9.95 6.84 0.69 
  LAU  49.81 5.41 1.56 0.29 
  LUG  69.81 11.53 2.15 0.19 
  MAG  76.76 15.19 1.47 0.10 
  PAY  71.20 25.69 2.20 0.09 
  RIG  53.15 4.64 4.72 1.02 
  SIO  63.07 14.62 4.15 0.28 
  TAE  67.91 28.11 4.05 0.14 
  ZUE  60.68 20.43 1.82 0.09 
        
 OASI BIO O3 59.40 14.68 6.60 0.45 
  BIO_an  69.30 14.68 3.60 0.25 
  BOD      
  BOD_an  58.30 11.78 2.06 0.17 
  BRI  48.45 5.71 3.13 0.55 
  BRI_an  62.12 5.71 4.15 0.73 
  CHI  66.00 10.86 2.87 0.26 
  CHI_an  67.90 10.86 2.09 0.19 
  LOC  65.73 16.01 6.01 0.38 
  LOC_an  71.88 16.01 2.46 0.15 
        
 ANU ARO O3     
  ARO_an  34.85 12.26 11.69 0.95 
  CAS  38.37 10.73 7.79 0.73 
  CAS_an  45.88 10.73 8.07 0.75 
  CHK      
  CHK_an  49.36 13.20 6.73 0.51 
  ROM      
  ROM_an  64.40 18.28 11.46 0.63 
  STO      
  STO_an  43.90 2.78 2.63 0.95 

 
 r2 ≤45 %     45 %< r2 < 65 %     r2 ≥ 65 %   
 
 MSEcorr / MSEmeas ≤ 0.4   0.4 < MSEcorr / MSEmeas < 0.9    MSEcorr / MSEmeas ≥ 0.9   
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Appendix D 
 
 

Trend coefficients of measured and corrected (adjusted) 
seasonal O3 and Ox mixing ratios at selected stations in 

 spring, summer, autumn and winter, 1992 – 2007.  
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Figure D1: Measured and corrected (adjusted) trend coefficients of O3 and Ox medians in 
spring,  
1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU (red) are 
classified according to their geographic region (see text for details). The error bar denotes the 
95 % confidence interval. 
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Figure D2: Measured and corrected (adjusted) trend coefficients of O3 and Ox medians in 
summer, 1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU 
(red) are classified according to their geographic region (see text for details). The error bar 
denotes the 95 % confidence interval. 
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Figure D3: Measured and corrected (adjusted) trend coefficients of O3 and Ox medians in 
autumn,  
1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU (red) are 
classified according to their geographic region (see text for details). The error bar denotes the 
95 % confidence interval. 
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Figure D4: Measured and corrected (adjusted) trend coefficients of O3 and Ox medians in 
winter,  
1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU (red) are 
classified according to their geographic region (see text for details). The error bar denotes the 
95 % confidence interval. 
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Figure D5: Measured and corrected (adjusted) trend coefficients of O3 and Ox 0.9 quantiles in 
spring, 1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU (red) 
are classified according to their geographic region (see text for details). The error bar denotes 
the 95 % confidence interval. 
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Figure D6: Measured and corrected (adjusted) trend coefficients of O3 and Ox 0.9 quantiles in 
summer, 1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU 
(red) are classified according to their geographic region (see text for details). The error bar 
denotes the 95 % confidence interval. 
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Figure D7: Measured and corrected (adjusted) trend coefficients of O3 and Ox 0.9 quantiles in 
autumn, 1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU 
(red) are classified according to their geographic region (see text for details). The error bar 
denotes the 95 % confidence interval. 
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Figure D8: Measured and corrected (adjusted) trend coefficients of O3 and Ox 0.9 quantiles in 
winter, 1992 – 2007. The stations of the networks NABEL (blue), OASI (green) and ANU (red) 
are classified according to their geographic region (see text for details). The error bar denotes 
the 95 % confidence interval. 
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