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Ozone and water vapour are two important greenhouse gas
having their largest radiative effect in the UTLS (Riese et al.,
2012)
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As stratospheric circulation is projected to
intensify over the coming century, this could
lead to an increase in the ozone flux from the
stratosphere to the troposphere (Neu et al.,

2014, Abalos et al., 2020)
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CAIRT measurement objectives in the UTLS @

Product Region Uncertainty Vertic. Horiz. ACT
resolution resolution
(km) (km)
O3 UT 15 (30) ppbv 1) 100 (200)
LS 50 (150) ppbv 1 (2) 100 (200)
H->O UT 5(10) % 1(2) 100 (200)
LS 5(10) % 1(3) 100 (200)
Goal (Threshold) ACT: Across Tragk

Objectives of this study
1. Is CAIRT able to reach UTLS measurement objective?

. . CAMS .3,
2. How CAIRT &nd HO observations in the UTLS Agﬂozf) Z? 9D8$

compared with stateof-the-art instrument => MLS
This will be answered with an OSSE
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Observing System Simulation Experiment (OSSE): concept and set%
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0. In OSSE, observations are simulated and
assimilated where one can quantify the
constrain of simulated observations on the
DA system
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Observing System Simulatio Experiment (OSSE): concept and setu;@.
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1. Select a model simulation defining the
synthetic truth => thenature run

Nature run:
atc7’3km A CAMS control simulation
[ppbv] A 40 km horizontal resolution

A ~300 m vertical resolution in the UTLS
A 3 hourly temporal resolution
A Detailed tropospheric O3 chemistry,
linearized stratospheric O3 chemistry,
; physics for specific humidity
A Period Oct. 202Feb. 2022




Observing System Simulatio Experiment (OSSE): concept and setup@.
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2. Simulate of new (and existing) observation:

Used requirements for £& H,0O:

A Thresholduncertainty

A 2 km vertical resolutionThreshold

A 400 km ACT width

A 100 km ACT x 50 km ALT resolution

Cloud information taken from CAMS
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Observing System Simulatio Experiment (OSSE): concept and setup@.
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> 3. Select another model and createantrol
> simulator run

at 7 km
150
e Control runs:
% A BASCOETM (Errera et al., 2021)
60 A 250 km horizontal resolution
30 A ~1 km vertical resolution in the UTLS
0 A Linearized O3 chemistry used in strato
and tropo, H20 treated as inert tracer 0
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Observing System Simulatio Experiment (OSSE): concept and setup@.
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4. Assimilate the simulate observations with
L2 T
simulator|  the second model => thassimilation run

Assimilation
system

Assimilation runs:
30 A BASCOENKF using the same
model setup as for CR
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Observing System Simulatio Experiment (OSSE): concept and setup@.
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Comparing (NRRR) and (NER) guantifies the gain of the
new observations

AR

A Success of an OSSE is a necessary condition, but not sufficient (Timmermans et al., 2015)
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Real MLS tg points

Simulating MLS L2 observations A
Quality flags, L2 error
profiles, a priori taken
NR@MLS & AK from MLS real Simulated MLS L2 obs.
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Results: Ozone
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Ozone at 7 km on Dec. 3, 2021 at 9
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Results: Ozone /\

Ozone at 7 km on Dec. 3, 2021 at 9|UT

Nature run
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Control run

Presence of clouds during the OSSE pelliod
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Results: Ozone
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Results: Ozone
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Results: Water Vapour @

Water vapour at 12 km on Dec. 3, 2021 at 9|UT

Nature run Control run MLS run CAIRT run

H20
at 12 km
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Results: Water Vapour
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Conclusions

A
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A This OSSE validates CAIRT measurement objectivesdiod B0 in the UTLS
I For Q, CAIRT will be a step forward w.r.t. MLS
I For HO, CAIRT will be slightly better than MLS

This study will be

submitted to AMT

On the capability of the Changing Atmosphere Infra-Red
Tomography explorer (CAIRT) candidate mission to constrain Oj
and H,O in the upper troposphere lower stratosphere

Quentin Errera', Marc Op de beeck!, Stefan Bender?, Johannes Flemming®, Bernd Funke?, Alex Hoffmann*, Michael
Hopfner’, Nathaniel Livesey®, Gabriele Poli’, Didier Pieroux', Piera Raspollini’, and Bjérn-Martin Sinnhuber’

A ESA EE11 will be selected soon, join us to the User Consultation Meeting in Prague
on-site or remotly) to support the CAIRT propogdtgs://atpl.eventsair.com/eellucm

A See also:

I CAIRT presentation on Friday, EE11 sesBidvl.(Sinnhuber, Hall L1/L2, 11)30

I Two posters related to CAIRT in X5/Zore A
AVervalcke et al., about agef-air in meteorological analysis and from observation:
AJohanson et al., about pollutant observations by GLORIA and CAIRT
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https://atpi.eventsair.com/ee11ucm
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Statistics for ozone at 7 km
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Presence of clouds during the OSSE period
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Results: Analysis Uncertainties
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Differences between CAIRT and MLS: L2 performances @
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A CAIRT L2 performances for the Tropics in January
A MLS L2 performances (all seasons, all latitudes) from MLS v5 data quality document (Livesey et al., 42022)
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CAIRT L2 performance simulation tools in a nutshell /\

Instrument specs. aligned
to L2 requirements

CAIRT Endlo-End Synthetic truth (from a mOdelb Fast Level 2 Simulatqr Linear Performance
Performance Simulator (FL2S) Estimation (LPE)
(CEEPS)
& Climatology of
g True state interp. at L atmospheric state
LO interferogram & (season, latitude,
) L2 observations altitude, sza...)
L1 spectra providing LPE £
& L1 spectra & Jacobiafs
L2 observations £
Lookup table of error
Very expensive covariances and AKsl;
computationally, only +
feasible for one orbit cloud coverage Much affordable computationally, feasible for
several months of CAIRT data
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