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MOZAIC Status



MOZAIC I, II & III (1994‐2006)

1994‐2002: ≈ 20000  flights with O3/H2O
2002‐2006: ≈ 6000 flights with additional CO (4 aircraft) 

and with additional CO/NOy (1 aircraft)

High resolution vertical 
profiles during take-off and
landing (~ 20m)

High resolution horizontal 
profiles at  9-12 km altitude  
during inter-continental
flight (~ 1 km)

Regularity of measurements
with 5 aircraft flying almost
every day



Status of MOZAIC
• MOZAIC aircraft 
Lufthansa     2 aircraft (one with the NOy instrument)
Air France    1 aircraft (instruments not operational since Dec. 2004)
Austrian 1 aircraft (will leave Austrian in summer 2006)
Air Namibia 1 aircraft (transport cost: INSU/CNRS, maintenance: FZJ)

• MOZAIC data base
January   2006: MOZAIC data base completed till 12/2004
March     2006: MOZAIC data base completed till 07/2005
June         2006: MOZAIC data base completed to 12/2005
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Seasonal variations of ozone monthly averages
for the Hohenpeissenberg sounding station  
[1980-93] compared with MOZAIC data over
Frankfurt [Sept 1994-Aug 1996] at 5 standard 
pressure levels. Standard deviations are plotted
as error bars with large cap for MOZAIC 
and small cap for Hohenpeissenberg. 

Thouret et al., JGR, 1998

Ozone Instrument validation: 
MOZAIC + ozone sounding

at Hohenpeissenberg
(48°N, 11°E)

MOZAIC O3 instrument: improved version of commercial 
dual-beam UV absorption instrument (Thermo-Electron, 
model 49-103), 

Accuracy ± 2 ppbv / precision ± 2% / response time 4 sec

Sensor replacement & pre- and post-calibration in laboratory
every C-check of aicraft.

Aeronautical certification: Airbus

Marenco et al., JGR, 1998



Instrument validation: MOZAIC H2O measurements
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MOZAIC-Method

8:00 8:30 9:00 9:30
Time / UTC

0

25

50

75

100

125

150

175

200

R
el

. H
um

id
ity

 o
ve

r I
ce

 / 
%

0

2

4

6

8

10

P
ot

en
tia

l V
or

tic
ity

 / 
pv

u

MOZAIC Humidity Device
Lyman (α) Hygrometer
Potential Vorticity
Altitude
Temperature

11000

11500

12000

12500

13000

13500

A
lti

tu
de

 / 
m

-65

-60

-55

-50

-45

Te
m

pe
ra

tu
re

 / 
°C

g , ( y) ( g )

MOZAIC-Method

In-flight comparison of relative 
humidity over ice (RHI) measured 
by MOZAIC (black curve) and 
Lyman(α) hygrometer (red curve) 
at cruise altitude (pink curve) of 
Learjet research aircraft during 
SPURT mission at 28 April 2003. 
Potential vorticity (blue curve) 
obtained from ECMWF analyses 
along the flight track.

The comparison provides 
experimental evidence that the 
phenomena of ice super saturation 
observed by MOZAIC are real 
and not caused by the evaporation 

of hydrometeors.
MOZAIC RH instrument: capacitive RH sensor (Humicap-H) 
mounted in a Rosemount Probe system

Accuracy < 10%, precision ± 7%, response time depending on 
temperature (sec at ground to 2 minutes at cruise altitude)

Sensor replacement & pre- and post-calibration in laboratory
every C-check of aicraft.

Aeronautical certification: Airbus

Helten et al., JGR, 1998

Smit et al., 2004 (MOZAIC final 
report, 2004)



Instrument validation: MOZAIC CO measurements

MOZAIC CO instrument: improved version of commercial IR 
gaz filter correlation model (48CTL, Thermo Environmental
Instruments)

Accuracy ± 5 ppbv, precision ± 5%, detection limit 10 ppbv, 
response time 30 sec. Sensor replacement & pre- and post-
calibration in laboratory every C-check of aicraft.

Aeronautical certifcation: Airbus

Nédélec et al., Atmos. Chemistry & Physics, 2003

Comparison of time series of O3 and CO 
for two co-located MOZAIC aircraft during
cruise phase (top) and landing phase 
(bottom)



Instrument validation: MOZAIC NOy measurements

MOZAIC NOy instrument: detection of NO by chemiluminescence
with O3 in combination with catalytic conversion of the other 
NOy compounds to NO at 300°C on a gold surface in the presence 
of H2. 

Sensitivity of 0.3-0.5 cps/ppt gives a detection limit of better 
than   30-50 ppt for an integration time of 4s, and  150-300 ppt
at the maximum resolution of the instrument (10Hz). 

Designed for unattended operation during 400-800 flight hours. 
Total weight 50 kg, including calibration system, compressed 
gases, mounting, and safety measures. 

Aeronautical certification: Lufthansa technics

Volz-Thomas et al., (ACP, 2005)

Quality assurance: Scatter plot of the NOy data 
from the comparison flight in April 2004 obtained by 
the MOZAIC and ETHZ instrument. The encircled 
data are from times after calibrations of  the ETHZ 
(light blue and gray points) and MOZAIC (dark blue 
points) instrument. Pätz et al., (ACPD, 2006)



Why MOZAIC is important 
for the future ? 

UTLS and the PBL are difficult to probe from space ; high quality and high resolution 
measurements in these regions are of great value.

MOZAIC contributes nicely to current atmospheric monitoring by providing:
- high resolution data of key climate constituents in the UTLS
- detailed vertical profiles over many cities world-wide
- very regular flights along some routes, at least once per day

MOZAIC is complementary to satellites (global coverage but less quantitative ; plus 
problems with clouds etc.) and ground based observations (sparse, weekly). 

MOZAIC is very cost effective: about 0.5 ME per year (EC funding) 

MOZAIC demonstrates a genuine collaboration between scientists, airlines and aircraft 
manufacturers.

(73 peer-reviewed publications with MOZAIC data from 1997 to 2006)



Plans for the future of MOZAIC:
A long-term monitoring program

Until December 2007: Continuation of the measurements 
with existing equipment and existing 5 aircraft ; internal 
funds (CNRS & FZJ) ; MOU signed with Airbus & Airlines

Integration of MOZAIC into the GMES program (Global 
Monitoring for Environment and Security) sustained  by the 
EC & ESA

2005 - 2008: IAGOS (Integration of routine Aircraft 
Measurements into a Global Observing System, Design 
Study)

2005 - 2009: GEMS (Global and regional Earth-system 
Monitoring using Satellite and in-situ data, Integrated 
Project) in the framework of GMES (Global Monitoring 
for Environment and Security)







How can I access to 
MOZAIC data ? 

1) Send one page of description of the work you intend to do with 
MOZAIC data to MOZAIC PIs and sign the data protocol 

(available at http://www.aero.obs-mip.fr/mozaic/)

2) Access to the data: ftp / CDroms

Join us in future MOZAIC  meetings 

http://www.aero.obs-mip.fr/mozaic/
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