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Background

« Atmospheric moisture is key component of Earth
system responsible for most climate feedback
mechanisms

' Stratosphere-Troposphere

o What are physical processes responsible for ool 'T’ arse
cloud feedbacks and adjustments in C D -
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o What are primary factors controlling modes
of variability of large-scale atmospheric
circulation and precipitation patterns?

o What is the role of moist processes for major
model biases (e.g., diurnal cycle of
convection over continents)?

Adopted from Galewski et al. (2016)

* Major challenge of World Climate Research
Program (Clouds, circulation & climate
sensitivity)
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Background

« Water isotopologues allow to assess
and improve model-based
representations of moisture sources
and pathways in climate (earth
system) models
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Precipitation removes heavy isotopologues
more easily resulting in further depletion
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From: Xi, International Journal of Atmospheric Sciences (2014
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Satellites provide global observations

GOSAT MUSICA IASI
» Shortwave-infrared column retrieval  Infrared profile retrieval (peak sensitivity in mid
« Coarse coverage: 3-day repeat cycle with troposphere)

pixels separated by 200km » Coverage: Global twice daily with 12 km pixels
» Data generated by UoL « Data generated by KIT
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Sentinel-5P TROPOMI “3

 First atmospheric composition Sentinel, TROPOMI
launched on 13 October 2017. > UV-VIS-NIR-SWIR nadir view

grating spectrometer.
. . »Spectral range: 270-500,
« TROPOMI provides daily global 675-775, 2305-2385 nm
c c »Spectral Resolution: 0.25-1.1 nm
coverage with 5.5 x 7 km?2 ground pixels i

»Spatial Resolution: 3.5x7km?

» Global daily coverage at 13:30

« SWIR bands well suited for water bl
Isotopologue retrievals

» Water isotopologue column product
with much better coverage and
precision compared to GOSAT
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TROPOMI Retrieval

UoL-FP Retrieval Algorithm

RT Model

] m"‘ 1%‘{\‘”"‘!"\ Inverse Method
. . . 1 fi
« Based on UoL-FP Optimal Estimation - s,
retrieval algorithm modified for st
TRO POM I | 3:3 H““-A‘h o simm:fe'fféda::%:?l)/ax
o Fit window: 2.353 — 2.382 um e S

o Cloud clearing using VIIRS cloud
flags

i maminad by TR0
Elements

spectrum measured by TROPOMI
Methane _ [Scaler ____ [1
o Spectroscopy updated to use DLR

Water Vapour Isotope Scaler or profile 1
SEOM-IAS data base A S A

o Offline calculation of scaler averaging T R — YT —
| Dispersion | Polynomialfit |4 |
kernels for HDO and H,O Total . i
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TROPOMI Water Isotopologue Data

» Generated and documented TROPOMI water isotopologue product for 2018 — 2020

globally (land only)

TROPOMI Clear-Sky 6D (%o) JJA

TROPOMI Clear-Sky 6D (%o) MAM

Sentinel-5p+Innovation (S5p+l) -
Water Vapour Isotopologues
(H20-1S0):

Product User Manual (PUM)

<

Sentinel-5p+ Innovation (S5p+l) - Water
Vapour Isotopologues (H20-ISO)

Product User Manual (PUM)
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Evaluation of TROPOMI Retrleval

X6D V0.9.5 ALL STATIONS standard filter (daily mea

» Ground-based reference data:
o MUSICA NDACC (calibrated
against aircraft in-situ)
o TCCON (calibrated against
NDACC)

« TROPOMI - FTIR comparison:
o Mean bias of -21%0. and scatter of
35 %o
o Largest differences in Tropics
(high H,O amounts)

» Good consistency with MUSICA IASI ®
data with no significant bias w] T s erst o1

-250 -200 -150 -100 -50
MUSICA IASI [%/,,]

GERS
esa @i ST &
LEICESTER Karlsruhe Institute of Technology &

TROPOMI [%y]




Case Study: {H20,6D}-pair distributions during
the West Africa Monsoon season

« Mixing (no phase
EN changes) causes
distribution above
i the “Rayleigh line”

Convection Stratiform zone

=== mixing
Rayleigh

Mo tppy) Microphysical
processes

Equilibration Synoptic-scale Rayleigh
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e ) A VIS T evaporation e il g
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below the
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Low-level e ! ST s ;i
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‘ 3 x 163. é x 103 1-0;

H20 (ppmY) (“Super-

. 7
Noone et al., 2012; Diekmann et al., 2021 Raylelg h )
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Observations: GPM IMERG rainfall and MUSICA IASI {H20,56D}
pair distributions (FT), June and July

GPM IMERG rainfall ——— MUSICA IASI

non-rain events post-rain events

== Non-rain ;
mmm POst-rain ¢

« Air masses without rain impact: mixing signals in {H20,5D} pair distribution

« Air masses with rain impact: super Rayleigh signals in {H20,0D} pair distribution
— {H20,0D} pair distribution can identify FT moistening by convective processes
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Observations and model (COSMOiso): additional value of
TROPOMI column integrated {H20,6D}-pair data

COSMOi;,, Sahel, June - September 2018
629 hPa 878 hPa total column

Reasonable model — observations
agreement, increasing depletion from
June to September:

« Free Troposphere (model and IASI
/A observations): mixing and
T e T microphysical processes

i LA B 7 f == member)
120 (ppmy) 20 (ppmy) 20 (ppm) « Boundary layer (only model): mainly
Free Troposphere Boundary Layer Total column microphysical processes, potential
MUSICAIASL Sentinel:5p of observation by synergetic
' Increased | Y combination of IASI and TROPOMI
impact by o el
synergetic s S . Total coIL_Jmn (model and TROPOMI
combination i observations): data mock a
of IASI and Ak vertically mixed atmosphere,
UROIFOL by | = Seprember microphysical processes

104
H20 (ppmv)
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Data assimilation of water isotopologues

 Assimilation of TROPOMI and IASI q and 6 hour cycle
oD data into the isotope incorporated —
model (IsoGSM) _I ﬁ
+ Observation Simulation Experiment Eﬁé‘i‘iﬁif:‘fn‘l?fﬁe?i Eﬁéi‘i?ﬁf:‘?n'l?ffe?i
(OSSE)

 Data assimilation with an Local Ensemble
Transform Kalman Filter (LETKF)

» Impact assessment of the idealized
assimilation experiments done by using

the Root-Mean-Square Deviation (RMSD) QEZL%E?SI:Z‘%SL EﬁZZZi‘T;’iZ'iZZIS

and Skill
t From: Yoshimura et al. (2014)
1 - RMSD — RMSD
= |— . — 2 M — CTRL
RMSD = \/N Z: xi — xn) skill = RMSDernr
1=t

TERSN
esa @i ST &
LEICESTER Karlsruhe Institute of Technology




Data assimilation of water isotopologues

« SKkill for the tropics (-10 to 10)

IsoGSM (2016 08, -10° - 10°) 100 IsoGSM (2016 08, -10° - 10°) IsoGSM (2016 08, -10° - 10°)

- : « For all meteorological parameters
P . r about 5% improvement is derived
% , when only SP-5 8D is assimilated

1000

10
Zonal wind Skill (%) Meridional Wind Skill (%) Vertical Wind Speed Skill (%)

o IsoGSM (2016 08, -10° - 10°) 100 IsoGSM (2016 08, -10° - 10°) ® Hig her improvements (20_40%)
can be derived when S5P q or
S5P 6D and q are assimilated

| « Highest improvements of about
s ey [ m  0-45% are derived when S5P 3D
1 and q are assimilated together
with MUSICA IASI 6D and q

1000 1000 1000
=10 0 10 20 30 40 50 60 0 5 10 15 2 0 5 10 15 20 25 30
5180 skill (%) Heat Source Skill (% Moisture Sink Skill (%)

— s5-60 —— s5Q —— s5-6D-Q
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Summary and Outlook

We have developed and validated (wrt fiducial
references) a new global TROPOMI water
isotopologue retrieval product

Thanks to its high spatial and temporal coverage of
TROPOMI, this dataset is highly useful for deciphering
interrelation between weather and isotopic state of
atmospheric water vapour

The new data complements existing free tropospheric
data (MUSICA IASI): comparison to model, positive
assimilation impact.

Largest benefit of TROPOMI is realised when used in
conjunction with MUSICA |IASI data and we plan
adoption of synergetic combination of TROPOMI and
MUSICA IASI retrievals to extract vertically resolved
information.

The future Sentinel 5 and IASI-NG on METOP-SG-A
will offer ideal platform for such a combined approach
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IASI S5p+IASI
DOFS: 1.8 DOFS: 2.5
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0.0 0.1 0.2
averaging kernel [In[ppmV]/In[ppmV]]

Combining TROPOMI with IASI offers unique potential for
generating isotopologue profile information
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Thank you for Listening.

55P+ "INNOVATION

~d /

Further information can be found at:
https://sSpinnovationh20-iso.le.ac.uk/
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