)

RMI

ROYAL METEOROLOGICAL INSTITUTE

OF BELGIUM

Comparison of tropospheric ozone profiles at Brussels,
measured with MOZAIC aircraft and ozonesondes

R. Van Malderen?, N. Pateraki?, H. De Backer?, H. G. J. Smit3, and V. Thouret*»

(1) Royal Meteorological Institute of Belgium, (2) University of Patras, Greece, (3) Forschungszentrum Jiilich GmbH, Institut fiir Energie- und Klimaforschung, IEK-8 Troposphdre, Jiilich, Germany,

(4) Université Paul Sabatier de Toulouse, France, (5) CNRS - Laboratoire d’Aérologie UMR 5560, Toulouse, France

Mail to: Roeland.VanMalderen@meteo.be

1. TROPOSPHERIC OZONE PROFILE MEASUREMENTS AT BRUSSELS, BELGIUM

OZONESONDES

Sondes Trajectories

MOZAIC Trajectories

A Uccle
¥ Brussels Airport

The Netherlands

ozonesonde launches 3 times a week at Uccle (Brussels,
50°48'N, 4°21°E), around 11h30 UTC, since 1969 (since
1997: electrochemical concentration cell or ECC)

ozonesondes are driven by the wind, we calculated their
trajectories from the wind velocity and wind direction
measurements.

at Uccle, the relative uncertainty of tropospheric ozone
measurements with ECC ozonesondes varies between 5 and

Germany

France

MoOzAIC

= Measurement of Ozone and Water Vapour on Airbus In-
service Aircraft

In operation since August 1994

measurements during take-off and landing at Brussels
Airport in the period 1997-2001, up to cruise alt. of 9-13 km

the O; analyser is a dual beam UV absorption instrument with
a detection limit of 2 ppbv and accuracy of £ 2%

6% (Van Malderen et al., 2016)

* The response time of the O5 analyser is 4s =» (theoretical)
vertical resolution of 30 m altitude =» in practical: 150 m

Fig. 1: Trajectories of the ozonesondes launched at Uccle (left) and the MOZAIC flights taking off and landing at Brussels

« The in-flight response time of an ECC ozonesonde sensor is Airport (right), both for the period 1997-2001.

20-30 s =>» vertical resolution of a few 100 m
.r" a dataset of 594 simultaneous (= same day) tropospheric ozone profiles,
I with mean distances between 15 km (at ground) & almost 400 km (at cruise
altitude/tropopause)

2. EXAMPLES 5. 2D STATISTICS (VERTICAL DIFFERENCES)
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 sonde launch at 11h30, MOZAIC take-off at Brussels at
11h07

« observations taken between Brussels and Paris
(France, 280 km south of Brussels)
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|+ The average O; profile measured by the MOZAIC
1 Instrument has higher ozone concentrations at almost
all altitudes than the ozonesonde average profile.
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Fig. 5: Average O, profiles calculated at the same
altitude levels for the simultaneous ozonesonde and

measured by sondes and MOZAIC for 2 different days

mooo: SONDES ] MOZAIC measurements at Brussels. The difference
BAD AGREEMENT [ [ Wozae | shown here is SONDE — MOZAIC.
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5 Fig. 2: Comparison of simultaneous ozone profiles

mean relative difference °

Indeed, if we put the inverse distances as weights in
the relative differences calculation, the mean relative
differences are reduced (- 0) up to about 7 km.

Fig. 6: The mean of the relative vertical differences between the
individual sonde and MOZAIC ozone profiles, defined as
MEAN[sonde — MOZAIC/ MOZAIC)*100] (in red), with 1o error
bars. In magenta: a (normalized) weighted mean of the relative
differences, with weights equal to the inverse distances
between the individual MOZAIC and ozonesonde
measurements.

3. MOTIVATION

What Is the impact of different criteria (distance, time separation, altitude, ozone amount)
on the agreement between ozonesonde and MOZAIC profiles?

* Reducing our sample of simultaneous observations by
selecting only those measurements within 2h time
delay and/or within 100 km distance, had no large

And how to quantify this agreement? effect on the mean vertical relative differences.

4. 1D STATISTICS (ALTFFUDE)

« We calculated simple statistics, like absolute/relative bias, RMS, scatter plot properties (R?, slope),
accumulative relative/absolute differences, etc. that average out/sum up the vertical levels.

6. CONCLUSIONS

 This Is a first quick analysis of the impact of different criteria (distance, time separation, altitude, ozone
amount) on the agreement between ozonesonde and MOZAIC profiles at Brussels. The influence of the
weather conditions was not studied.

Accumulative Relative Differences Mean Differences Root Mean Square « Using a 1D statistic to quantify the profile agreement, we did not find any impact.

1 «jp=n Sondes[k]-MOZAIC[k]

ARD =~ meandif=) sondes[k] — MOZAIC|k]
n “k=0 MOZAIC[k]

The time separation and distance between the measurements might be still too small to detect an impact for
especially the upper tropospheric layers, since the typical horizontal ozone correlation length is about 500 km In
the troposphere (Liu et al., 2013) and timescales of autocorrelation vary between about 1.5 and 3.5 days in the

troposphere (Liu et al., 2009).

RMS==Y:[(sondes — MOZAIC)?] '

where n is the total elements of the different altitude levels per day
and k is every altitude level in that day

« The relative differences found here vary between -5 to 15%, and between -5 to 10% for the layers below 8
km. These numbers are substantially higher than found by Tanimoto et al. (2015) for the same dataset
(between -1 and 2%), but there were differences in the calculation.

« We |ooked at the relationship of those statistics with mean distance between the observations, the time
separation and the mean ozone amount in the measurements.

« For the vertical relative differences (2D statistic), we can see that the distance between the 2 different
measurements has an impact. At first sight, the time separation does not seem to have.
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e Using trajectory calculation to match the European MOZAIC measurements with the Uccle ozonesondes in
the period 1997-2004, Staufer et al. (2014) found relative differences within 5% for the UTLS. This is a very
promising approach.
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