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In the framework of the MOZAIC-IAGOS program, ozone and carbon monoxide vertical profiles are available
since 1994 and 2002, respectively. In this study, we investigate the variability and trends of both chemical com-
pounds in different tropospheric layers above the Frankfurt and Munich airports. Over the 1994-2012 period, about
21,300 flights have been performed, which represents the densest dataset in the world (96 flights per month on av-
erage).

The mean ozone vertical profile shows a strong vertical gradient in the first kilometre (deposition, titration by NO)
during the whole year and close to the tropopause (stratosphere-troposphere exchanges) in spring and summer.
The mean CO vertical profile is characterized by a strong decrease of the concentrations in the first kilometre, in
particular in winter and autumn, and a moderate one higher in the troposphere. In terms of seasonal variations, the
mean O3 has a minimum in November-December in the whole troposphere, a broad spring/summer maximum in
the lower and mid-troposphere and a sharp maximum in summer in the upper troposphere. The mean CO seasonal
profile shows a broad minimum in July-October close to the surface, refined to September-October higher in the
troposphere, while maximum concentrations occur in February-April in the whole troposphere.

Over the 1994-2012 period, the mean O3 trends are mostly insignificant at a 95% confidence level, except in winter
where a slightly significant increase is found. The O3 5th percentile shows similar upward trends at the annual scale
in all tropospheric layers. All trends remain insignificant for the O3 95th percentile. Conversely, the mean CO as
well as its 5th and 95th percentiles are decreasing both at the annual scale and at the seasonal scale in winter,
spring and summer (although not always in all tropospheric layers) with trends ranging between -1.22[-2.27;-0.47]
and -2.63[-4.54;-1.42]% yr−1, relatively to the reference year 2004). However, all CO trends remain insignificant
in autumn.

The changes in the O3 seasonal cycle are also investigated, with a focus on the phase. Ozone maxima occur ear-
lier and earlier with a shift around -12.1±4.1 days decade−1 in the lower troposphere, in general agreement with
previous studies. The analysis of other ozone datasets in Europe (including surface stations and ozone soundings)
confirms this trend, but highlights strong heterogeneities in the changes of phase from one site to the other. In-
terestingly, this seasonal shift is shown to decrease with the altitude, with values of -5.2±2.3 and -2.3±2.1 days
decade−1 in the mid- and upper troposphere, respectively.


