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Key Messages: 
 
Information on O3 trends at limited amount of baseline stations is consistent with the annual 
average ozone changes in the EMEP assessment. Emission changes only explain 30-50 % of the 
annual ozone changes between 1960-2000. Some information on seasonal contribution from 
long-range transport is available. Raises questions on how good we know these contributions. 
=>understanding trends is necessary to understand LRT contributions- and the anthropogenic 
part of it.  
 
HTAP1 explored a set of global model outputs over a number of North American regions, 
looking into changes of ozone concentration frequencies due to regional and extra-regional 
emission perturbations. Biggest foreign influence was found in the middle of the  O3 frequency 
distribution and in the western US. Not done for Europe.  
=>analysis opportunity for HTAP2 
 
New spectral analysis methods allow consistent analysis of observations and model output on a 
variety of timescales- diurnal; synoptic and long-term.  In regional models errors are mostly 
associated with diurnal and long-term timescales. However these methods do not necessarily 
attribute to sources or transport from outside of the region 
=> regional tools applied to global models: new insights. 
 
TOAR will provide the largest collection of O3 observations worldwide, and analyse trends (e.g. 
Sollberg, Simpson, etc are involved). Consequences for long-range aspects? 
=>Learning from regional differences Invite to present at next SB or other meeting? 
 
Can increased focus on Ox (O3+NO2) facilitate  our understanding of trends and attribution? 
=>simplification of modelling: better use of observations, attribution, scenario analysis,  
 
Joint work of TF HTAP, TFMM and other initiatives to ensure new and comprehensive analysis. 
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daily maxima above 35 ppb) and AOT40 (cumulated hourly ozone above 40 ppb) 

metrics, respectively. The trends in severe photochemical episodes are assessed by 

investigating both the number and magnitude of high ozone days. The number of 

episodes is defined by the number of exceedances of the 50ppb and 60ppb 

thresholds (WHO and European criteria) for ozone MDA8 (daily maximum of the 

8-hour running mean). The magnitude of the episodes is assessed from the fourth 

highest MDA8 recorded each year, which represents approximately the annual 

99th percentile when the data coverage is complete.  

The overall evolution of the fourth highest MDA8 and annual mean ozone 

observed at EMEP monitoring sites is displayed in Figure 2.1 for the 1990-2012 

period (see the Methods in Annex A) for details on the station selection criteria). 

For both metrics we show the median over the whole EMEP network as well as 

the envelope constituted by the 25th and 75th percentiles. The year to year 

variability is high for summertime ozone episodes (4th highest MDA8), especially 

in outstanding years such as 2003 and 2006 (pronounced heat waves). Since the 

beginning of the 1990s, a clear downward trend in high ozone episodes was 

observed when considering the network as a whole. But some further 

reductions are desirable given that over recent years, none of the stations in the 

envelope constituted by the 25th and 75th percentiles reach the WHO ozone air 

quality guideline of 50 ppb, and only a few reach the European Directive long 

term objective of 60 ppb. Annual mean ozone was increasing during the first sub-

period but decreased slightly in the second sub-period, and appears largely driven 

by the trend in the hemispheric baseline ozone (see discussion in Section 1.2.2). 

 

Figure 2.1: Composite of annual mean ozone (black) and 4th highest MDA8 (red) ozone recorded at 55 

EMEP rural monitoring sites between 1990 and 2012. The thick line is the network-wide annual median and 

lower/higher bounds of the shaded areas are for the 25th and 75th percentiles.  Thin straight lines show the 

linear trend over the 1990-2001 and 2002-2012 periods and dashed lines indicate the WHO air quality 

guideline (50ppb) and the EU long term objective (60ppb). 

The aggregation of data from many stations into a single median trend for the 

region masks the variability across the network. To further examine this 

variability, Figure 2.2 provides the distribution of the percentage of the sites in the 

EMEP network with statistically significant/insignificant increase/decrease for the 

first and second sub-periods. Trends are considered statistically significant when 

• 55 stations, biased towards Northern Europe, regional but not necessarily baseline 

• 2003-2006  pronounced heat waves show up in maximum values 

• Ca. 50-90 % of trends at individual stations insignificant (dep. Metric/period) 

• In Europe peak values decline, annual average O3 no obvious trend 

     HTAP: similar picture from ‘baseline’ stations. (Cooper et al., 2014). 

• What is the role of hemispheric transport and other factors? 

MDA8: Daily maximum of 8 

hour running mean 
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threshold (60 ppb) are exceeded is closely related to the 4th highest MDA8 metric. 

Compared to the 2000s, there were many more sites where the number of 

exceedances of the WHO guideline showed an upward annual trend in the 1990s 

(Figure 2.2).  In the 2000s, a statistically significant downward trend for the 

number of days where MDA8 was above 50 ppb is seen at less than half of the 

monitoring sites (Figure 2.2), and the network-wide median slope is not 

significantly negative (Table 2.1). The number of exceedances of the EU long 

term objective decreases steadily, with 41 and 61% median reductions over 

the 1990s and 2000s respectively, both being statistically significant over the 

network. The health impacts metric SOMO35 and the vegetation impacts metric 

AOT40 show larger decreases than the exceedance metrics over the second sub-

period. From 2002 to 2012, SOMO35 and AOT40 were reduced by 30 and 

37%, respectively. It should be noted that in the 1990s, positive slopes in 

SOMO35 and AOT40 were reported at a large fraction of sites (Figure 2.2) 

suggesting that these indicators were at least partly influenced by an unfavourable 

baseline trend as for annual mean ozone (see discussion in Section 2.2.2).  

Table 2.1: Network-wide median [95% Confidence Interval, CI] of the annual trend and total change 

(negative for a downward trend) for selected ozone metrics for each considered time periods. 

Ozone Metric Time period 
Median annual trend 

in, [unit/yr] and 95% CI 

Median relative change 
over the period [%] and 

95% CI 

Annual mean (ppb) 1990_2001 0.15[0.11,0.25] 5.8[4.6,11] 

 
2002_2012 -0.21[-0.3,-0.16] -7.1[-9.5,-4.5] 

 
1990_2012 0.06[0.009,0.07] 4.1[1.2,5.7] 

SOMO35 (ppb.days) 1990_2001 4.9[-16,26] 1.6[-0.41,35] 

 2002_2012 -79[-100,-67] -30[-39,-22] 

 1990_2012 -11[-21,-2.4] -8.3[-14,2.4] 

AOT40 (ppb.hours) 1990_2001 -88[-139,12] -16[-14,23] 

 2002_2012 -226[-309,-179] -37[-40,-14] 

 1990_2012 -98[-128,-62] -31[-47,19] 

Ndays MDA8 > 50ppb (days) 1990_2001 -0.41[-0.88,0.15] -10[-36,83] 

 
2002_2012 -2.9[-3.3,-2.2] -47[-84,59] 

 
1990_2012 -0.41[-0.73,-0.23] -22[-28,-9.5] 

Ndays MDA8 > 60ppb (days) 1990_2001 -0.63[-0.93,-0.42] -41[-49,-19] 

 2002_2012 -0.93[-1.5,-0.82] -61[-70,-45] 

 1990_2012 -0.4[-0.75,-0.37] -49[-58,-39] 

4th highest MDA8 (ppb) 1990_2001 -0.65[-1,-0.5] -11[-13,-6.7] 

 
2002_2012 -0.73[-0.92,-0.53] -10[-13,-7] 

 
1990_2012 -0.41[-0.62,-0.4] -12[-17,-11] 

Annual max. MDA8 (ppb) 1990_2001 -0.76[-1.3,-0.62] -11[-14,-7.6] 

 2002_2012 -0.65[-0.91,-0.38] -9[-11,-3.8] 

 1990_2012 -0.53[-0.75,-0.49] -14[-18,-12] 
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Ozone trends in Europe- EMEP network 

LRTAP 2016 Assessment Report; Colette et al, EMEP/CCC-report 1/2016 



Analysis was only done for impact of 4 regions, not global and not CH4.  

Biggest foreign influence in middle of O3 distribution (indicated by arrows) and in the West 

In every region: EA > EU >> SA; 1s of multi-model mean foreign influence is ~0.15 ppbv in all regions and 
bins 

How much did NOx titration play a role in lower bins? 

Need to repeat for HTAP2/AQMEII Europe and USA 

 

 

 

 

MDA8 O3 response to 20% emissions reductions in 3 foreign source regions 
over several US regions in Spring (Reidmiller, ACP, 2009)  
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O3 changes in Europe for HTAP CLE scenario: seasonal  

• Summer/growing season O3 declines more than 

winter under CLE 

• In absolute terms contribution from extra-regional 

sources (incl. methane) is not very different over the 

seasons- analysis needs to be done for different 

metrics as well. 

• For ‘air pollutants’ probably compensating effects: 

 more downwind production vs. less transport 

• CH4 is contributing more in summer. 

 

Courtesy O. Wild 



 

FT: Full time series (no filter) 

LT : Long term (> 21d) 

SY : Synoptic  (2.5d;21d) 

DU: diurnal (<2.5 d) 

AQMEII spectral analysis of error components- regional models- hourly ozone 

Model errors in regional models are determined by 

long-term and diurnal errors- and less by synoptic 

scale  

 



Orange arrows 

indicate a 

significant 

positive trend. 

 

Blue arrows 

indicate a 

significant 

negative trend. 

 

Green arrows 

indicate 

insignificant 

trends. 

TOAR DRAFT DO NOT CITE 

O. Cooper et al. 

# days with daily 8 hr max >70 ppb 1995-2014 



• Ca. 250 stations: 2000-2015 

• Large diversity in O3 trends, disappears when looking at Ox trends.  

• Ox levels much more comparable. 

• It should be much easier to compare these to model results with many more stations available.  

• We should start thinking about looking at impacts in terms of Ox as well (Williams et al. 2014) 

• Clear advantage for air quality management 

• Easier to attribute ozone to long-range-regional-local scale production? 

Caveats: 

• Interpretation somewhat dependent on increasing fraction of ‘fresh’ NO2 emissions. 

• Not a lot of health analysis available. 

Time series over Spain of O3 and Ox=NO2+O3 (X. Querol, Stoten, 2016) 

 

UB: +1.2 %/yr (***) 

TR: +1.9 %/yr(***) 

 

RB: -0.3%/yr (+) 

IN: +1.2 %/yr(***) 

  

RB: -0.1%/yr (-) 

 

UB: -0.0 %/yr (-) 
IN: +0.1 %/yr(-) 

TR: -0.2 %/yr(-) 


