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Motivations: observinggradients and fluxes across the UTLS

Ozone and water vapour are two important greenhouse gas 
having their largest radiative effect in the UTLS (Riese et al., 
2012)

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)

Contribution of 
stratospheric 
O3 on the 
tropospheric 
column (from 
Abalos et al., 
2020)
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Limb imaging

The Changing Atmosphere Infra-Red 
Tomography explorer (CAIRT)

A proposal for ESA Earth Explorer 11

Tomography

CAIRT will observe the middle atmosphere TÁ
and composition at unprecedent spatial 

resolution



Objectives of this study

1. Is CAIRT able to reach UTLS measurement objective?

2. How CAIRT O3 and H2O observations in the UTLS 
compared with state-of-the-art instrument => MLS

This will be answered with an OSSE

6

CAIRT measurement objectives in the UTLS

ACT: Across TrackGoal (Threshold)

CAMS O3 on Dec. 3, 
2021 at 9 UT
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Observing System Simulation Experiment (OSSE): concept and setup

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 setup

NR
1. Select a model simulation defining the 
synthetic truth => the nature run

Nature run:
Å CAMS control simulation
Å 40 km horizontal resolution
Å ~300 m vertical resolution in the UTLS
Å 3 hourly temporal resolution
Å Detailed tropospheric O3 chemistry, 

linearized stratospheric O3 chemistry, 
physics for specific humidity

Å Period Oct. 2021-Feb. 2022



NR
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Observing System Simulatio Experiment (OSSE): concept and setup

L2 
simulator

2. Simulate of new (and existing) observations

Used requirements for O3 & H2O:
Å Thresholduncertainty
Å 2 km vertical resolution (Threshold)
Å 400 km ACT width
Å 100 km ACT x 50 km ALT resolution

Cloud information taken from CAMS

L2



10

Observing System Simulatio Experiment (OSSE): concept and setup

3. Select another model and create a control 
run

Control runs:
Å BASCOE-CTM (Errera et al., 2021)
Å 250 km horizontal resolution
Å ~1 km vertical resolution in the UTLS
Å Linearized O3 chemistry used in strato 

and tropo, H2O treated as inert tracer

NR L2 
simulator

L2 CR
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Observing System Simulatio Experiment (OSSE): concept and setup

4. Assimilate the simulate observations with 
the second model => the assimilation run

NR L2 
simulator

CRL2

AR

Assimilation runs:
Å BASCOE-EnKF using the same 

model setup as for CR

Assimilation 
system
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Observing System Simulatio Experiment (OSSE): concept and setup

Comparing (NR-AR) and (NR-CR) quantifies the gain of the 
new observations 

ÅSuccess of an OSSE is a necessary condition, but not sufficient (Timmermans et al., 2015)

NR CRAR
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Simulating MLS L2 observations

NR@MLS

Quality flags, L2 error 
profiles, a priori taken 
& AK from MLS real 

data
Simulated MLS L2 obs.

6 Q. Errera et al.: Evaluation of CAIRT O3 and H2O in the UTLS

grading the quality of the assimilation. This is a well-known

problem in dataassimilation wherethesolution isto build su-

perobservations (Eskes et al., 2003; Hoffman, 2018). In this

setup, observations inside the same model grid cell for the

same model time step are combined (see also Fig. 2). Let us5

consider N L2 observations y i and their associated uncer-

tainty ei available at the same model time step and within

the same grid points, i = 1. . .N . The L2 superobservation s

and its associated uncertaintyɤis calculated as follows:

s =
1

N

N

i = 0

y i (2)10

ɤ=
1

N

N

i = 0

e2
i (3)

The above computation takes only into account CAIRT

L2 observations where the cloud fraction of CAMS is be-

low 0.2. In this case, the latitude and longitude of the super-

observation proýlesmay change with the altitude. Note that15

using superobservations does not change the performance of

the assimilation system or decrease the information content

bring by the observations. DA methods optimize the state

of a model to ýtthe assimilated observations based on the

model and observations uncertainties. Using superobserva-20

tions does only replace several observations within adjacent

a model grid point by the value the DA system would use as

compromise if no superobservation were used.

5 Simulating MLS observations

The computation of MLS simulated proýlesdiffers from the25

computation of CAIRT proýleswhere here we can take ad-

vantage that some of the necessary data already exist. This

is the case for the geolocation of the MLSproýles,the apri-

ori proýles,the error proýlesand vertical averaging kernels

of MLS. TheMLSgeolocation, apriori and L2 error proýles30

aretaken from MLSv5 daily observationýles.MLSv5 verti-

cal averaging kernelsaregiven for ývelatitudes, independent

on time and longitude.

CAMS nature run are interpolated onto the MLS retrieval

grid using BASCOE-MAO as for CAIRT (seeSect. 4.3), and35

are the perturbed to produce the L2proýlesy l 2 as follows:

y l 2 = A y n + (I A )y a + Ůp (4)

y L 2 = A y n r (5)

+ (I A )y a (6)40

+ ŮL 2 (7)

wherey n isnature run interpolated onto theMLSgrid; y a

are the existing MLS a priori proýlescorresponding to the

MLS geolocation; A is the MLS vertical averaging kernel

Figure 3. Illustration of CAIRT sampling for O3 and H2O in the

UTLS compared to MLS and MIPAS. This is on Jan. 16, 2022 for

CAIRT and MLS, for thesame day in 2011 for MIPAS.

matrix and I is the identity matrix. The perturbation proýle45

Ůp is the Gaussian randomproýlemultiplied by the MLS L2

error proýleavailable in MLS dataýles.

Proýlesare only assimilated in the vertical range of va-

lidity given in Livesey et al. (2022). This report also states

whereto accept/discardproýlesusing thevariableñestimated50

precisionò,ñqualityò,ñconvergenceòand ñstatusògiven in

MLS ýles.These values have been used to þagout some

proýlesor the lower part of them. This screening discards

proýlescontaminated by clouds, mainly for O3.

6 About differences between CAIRT and MLS 55

As already mentioned, CAIRT will have a much larger sam-

pling than MLS (or MIPAS) for O3 and H2O in the UTLS,

around 12 times larger. This is illustrated in Fig. 3 and 4. Fig-

ure4 also compares theuncertainty proýlesfrom CAIRT and

MLS. L2 retrieved error proýleof MLSisusually lower than 60

CAIRT, in particular for tropical O3 and south pole H2O on

that day. For O3, CAIRT systematic error become very large

(>50%) below 7kmin thetropics. For thisreason, CAIRT O3

observations will not be assimilated below this level. While

CAIRT number of observations is much larger than MLS, 65

it decrease toward lower altitude due to presence of clouds.

Nevertheless, the number of CAIRT available data at 7 km

remains much larger than MLSand, while MLSL2 error be-

Real MLS tg points

O3
at 262 hPa

300
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Results: Ozone

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

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

Presence of clouds during the OSSE period



16

Results: Ozone

Statistical difference 
between {CR,ARMLS,ARCAIRT} 
and NR for Oct. 2021-Feb. 
2022

NMB: Mean bias normalized by 
NR
NSD: Standard deviation of the 
difference normalized by NR
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Results: Ozone

MB: Mean bias
SD: Standard deviation of the 
difference

As previous slide but in ppbv
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Results: Water Vapour

Water vapour at 12 km on Dec. 3, 2021 at 9 UT
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Results: Water Vapour

Statistical difference 
between {CR,ARMLS,ARCAIRT} 
and NR for Oct. 2021-Feb. 
2022

NMB: Mean bias normalized by 
NR
NSD: Standard deviation of the 
difference normalized by NR



ÅThis OSSE validates CAIRT measurement objectives for O3 and H2O in the UTLS

ïFor O3, CAIRT will be a step forward w.r.t. MLS

ïFor H2O, CAIRT will be slightly better than MLS

ÅESA EE11 will be selected soon, join us to the User Consultation Meeting in Prague (9 July, 
on-site or remotly) to support the CAIRT proposal (https://atpi.eventsair.com/ee11ucm)

ÅSee also:

ïCAIRT presentation on Friday, EE11 session (B.-M. Sinnhuber, Hall L1/L2, 11:30)

ïTwo posters related to CAIRT in X5/Zone A-B

ÅVervalcke et al., about age-of-air in meteorological analysis and from observations

ÅJohanson et al., about pollutant observations by GLORIA and CAIRT
20

Conclusions

This study will be 
submitted to AMT

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

O3

H2O

Analysis uncertainties can be 
estimated by the std dev of the 
EnKF ensemble (20 members)

Values averaged for Oct. 2021-
Feb. 2022
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Differences between CAIRT and MLS: L2 performances

Å CAIRT L2 performances for the Tropics in January
Å MLS L2 performances (all seasons, all latitudes) from MLS v5 data quality document (Livesey et al., 2022)
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CAIRT L2 performance simulation tools in a nutshell

Synthetic truth (from a model)

+
cloud coverage

Linear Performance 
Estimation (LPE)

Climatology of 
atmospheric state 
(season, latitude, 
altitude, sza...)

ᶓ
L1 spectra & Jacobians

ᶓ
Lookup table of error 
covariances and AKs   

Instrument specs. aligned 
to L2 requirements

Fast Level 2 Simulator
(FL2S)

ᶓ
True state interp. at L1

ᶓ
L2 observations 
providing LPE

Much affordable computationally, feasible for 
several months of CAIRT data

CAIRT End-To-End 
Performance Simulator 

(CEEPS)

ᶓ
L0 interferogram

ᶓ
L1 spectra
ᶓ

L2 observations

Very expensive 
computationally, only 
feasible for one orbit 


