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Introduction

Continent

Image adapted from SAHRA http://web.sahra.arizona.edu/programs/isotopes/oxygen.html
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Retrieval setup

Pro�le-scaling approach with SICOR algorithm

Fit of H2O, HDO, CH4, CO, and Lambertian surface albedo
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Validation data sets: ground based FTIR measurements

Fourier transform infrared (FTIR) observations of direct solar beam

Two networks of stations: Total Carbon Column Observing Network (TCCON)
and Network for the Detection of Atmospheric Composition Change (NDACC)

Seven stations in both networks

Image: KIT
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Ground based FTIR measurement data sets

TCCON data product
H2O and HDO included
H2O column validated with and adapted to in situ measurements
Data available 3 months to 1 year after measurement

MUSICA-NDACC data product
Multi-platform remote Sensing of Isotopologues for investigating the Cycle of
Atmospheric water
Dedicated water vapour isotopologue product from reprocessed NDACC observations
Includes H2O, HDO and H2

18O
δD validated with aircraft measurements
Data after 2014 available for only three stations
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Di�erences between TCCON and MUSICA-NDACC
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Correcting inconsistency in validation data sets
Scaling of HDO with factor a equivalent to δD 7→ aδD+a−1
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Spatial collocation

Usual spherical collocation area with radius r around FTIR
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Spatial collocation
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Further collocation criteria

Maximal time di�erence 2 h

Maximal altitude di�erence 500m

Applying averaging kernels
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Validation: Correlation H2O/HDO at Edwards
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Validation: Correlation a posteriori δD at Edwards

−500 −400 −300 −200 −100 0
−500

−400

−300

−200

−100

0

r = 0.62 / 0.68 / 0.73

TCCON δD (�)

T
R
O
P
O
M
I

δ
D
(�

)

clear-sky
cloudy
non-scat

11 / 23



Validation at low-altitude stations: H2O/HDO

0
200
400

da
ys

clear-sky cloudy non-scat

−20

0

20 Median: 2.9 / 11.2 / −0.9%

R
el
.
bi
as

in
H
2
O

(%
)

Eu
rek
a

Ny
Ål
esu
nd

So
da
nk
ylä

Ea
st
Tr
ou
t L
ak
e

Bi
aly
sto
k

Br
em
en

Ka
rls
ruh
e
Pa
ris

Or
léa
ns

Ga
rm
isc
h

Pa
rk
Fa
lls

Ri
ku
be
tsu

La
mo
nt

Ts
uk
ub
a

Ed
wa
rds JP

L

Pa
sa
de
na
Sa
ga

Bu
rgo
s

W
oll
on
go
ng

La
ud
er

−20

0

20 Median: −0.3 / 7.9 / −1.7%

R
el
.
bi
as

in
H
D
O

(%
)

12 / 23



Validation at low-altitude stations: a posteriori δD
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Validation over the ocean with aircraft pro�les
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Non-scattering product September 2018

10
21

10
22

10
23

H2O column (cm 2)

500 400 300 200 100 0
D ( )

15 / 23



Scattering product September 2018
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Large enhancement in data coverage!
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Case study: cold air outbreak: 17 Jan 2020
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Case study: cold air outbreak: 18 Jan 2020
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Case study: cold air outbreak: 19 Jan 2020
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Case study: cold air outbreak: 20 Jan 2020
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Case study: cold air outbreak: 21 Jan 2020
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Summary

First TROPOMI H2O/HDO data set including scenes with low clouds

Huge enhancement in data coverage

Good data quality

Single overpass results allow new interesting case studies

Bias in reference data TCCON HDO corrected

Publication: https://doi.org/10.5194/amt-2021-141

Dataset: https://tropomi.grid.surfsara.nl/hdo/
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Outlook: tackling the bias in TCCON HDO

To date: ad hoc correction to match MUSICA δD

TCCON HDO data product should be improved and calibrated

Pro�le measurements at TCCON station necessary to this end
⇒ project Water vapour Isotopologue Flask sampling for the Validation Of Satellite

data (WIFVOS)
Flask sampling system on a small (< 20 kg payload) balloon
Transfer existing drone sampler to balloon platform
Field campaign at TCCON station Sodankylä in March 2022
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