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B Lo ieny Suomi NPP CrlIS and S5P/TROPOMI

CrIS is a TIR FTS instrument making daily TROPOMI is a UV-SWIR imaging spectrometer making
measurements in three separate bands (650- daily measurements in a number of spectral bands, from
1095 cm1, 1210-1750 cmt, 2155-2550 cm™Y) 270-2380 nm.
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CrlIS ground track illustration taken from Han et al., TROPOMI ground track illustration taken from
2013. MUSES algorithm allows FOV thinning to Veefkind et al., 2012.
reduce processing overheads.
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e Propulsion Laboratory More eyes are better than one:
The panspectral approach and the MUSES algorithm
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TROPESS has considerable heritage in multi-spectral, multi-instrument retrieval algorithms for UV,
IR,NIR, microwave (Worden et al., 2007; Natraj et al., 2011; Luo et al., 2013; Fu et al., 2013; Kuai et al.,
2013; Worden et al., 2015; Fu et al., 2016) for ozone, CO, CO,, and CH,.
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@g;fg;gﬂ:;ﬂgg;ﬁ,:mgg MUSES CrIS-TROPOMI Spectral Windows for Ozone
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Spectral combination performed by MUSES algorithm. TROPOMI MUSES window chosen to minimise current
calibration challenges with Bands 1, 2 & 3.
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-
TROPOMI V2.01 L1B data shows considerable
kimprovement in Bands 2 and 3, assessments ongoing.
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@éﬁ;ﬁ;ﬁﬂgﬁﬁmw CrIS-TROPOMI Ozone Characterisation (Averaging Kernels)
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detPropuisionLanoratoy - Ozone Cross Comparison and Validation datasets

= Satellites:
— Microwave Limb Sounder (MLS) — Microwave instrument based on the Aura satellite.
« Stratosphere comparisons only, scientific interpretation not recommend below 200 hPa.
— MUSES AIRS-OMI
— TROPOMI OFFL Total Column Product

MLS and Ozonesondes
shown IN this

= Chemical Reanalysis presentation.

— Copernicus Atmospheric Monitoring Service — Reanalysis.
 CAMS pressure grid interpolated to MUSES pressure grid, and CrIS-TROPOMI AK applied.

— JPL Multi-mOdel Multi-cOnstituent Chemical Reanalysis (MOMO-Chem)
« MOMO-Chem pressure grid interpolated to MUSES pressure grid, and CrIS-TROPOMI AK applied.

» Ozonesondes
— In-situ sensors based on a network of balloons operated worldwide.

© 2022 California Institute of Technology. Government sponsorship acknowledged.
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Jet Propulsion Laboratory

oo S aorator Cross Comparisons - MLS (August 2020)

Black = Day Measurements

Red = Night Measurements
CRIS-TROPOMI vs MLS Stratospheric | Proﬁle
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ﬁ High quality comparisons\

in the stratosphere.

CrIS-TROPOMI adds
clear value, above CrlS-
only and TROPOMI-only.

CriS-only and TROPOMI-
only offer valuable

comparisons individually./
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O o Tocatory Validation with Ozonesondes

Pressure (hPa)

Pressure (hPa)

Pressure (hPa)

100 1S TROPOMI / Sonde Ozone Difference Autumn 100 C1STROPOMI/ Sonde Ozone Difference Winter CriS-TROPOMI / Sonde Ozone Difference Spring 100 CFSTROPOMI / Sonde Ozone Difference Summer
/ R NN 4 1) 3
o 31) ’ — 32) 200 200
300 300 300 300
(@]
400 . 400 400 . 400 E
500 ‘g 500 500 5 500 8
@ | 4
600 g 600 600 §‘ 600 8
: 2
100 700 700 700 = 1. ~1OO Ozonesonde
800 800 H
....... . ol comparisons over the
900 — Mean = -2.15% 900 —— Mean = -0.19% 900 —— Mean = 7.38% s00 —— Mean =5.18%
==-= Std Dev = 9.55% - ~--- Std Dev = 16.47% <=-- Std Dev = 14.06% --- Std Dev = 12.96% course of 1 year at
100(:‘00 =13 =% =25: O ;5 50 75 100 mw—wo -75 =30 ‘—za 0 25 S0 75 100 moo_wo -75 50 -25 0 25 S0 75 100 o 2 Z . . '
(CrIS-TROPOMI - Sonde) / Sonde (%) (CriS-TROPOMI - Sonde) / Sonde (%) (CriS.,TROPOM!I - Sonde) / Sonde (%) e h:zns-;:op-;; g :oms:)sl So:odc (%S 2 CO | O C atl O n d I Stan Ce Of
b6 CriS / Sonde Ozone Difference Autumn 16 CriS / Sonde Ozone Difference Winter CHS / Sonde Ozone Difference Summer l
\ ~100 km.
200 bl) 200 200 o %
300 300 7
300 .
o - ; 2. CrIS-TROPOMI in general
/
3 Al - A
= £ o /4 2 o shows closer
E ) ¢ e _—
. . f : : = . .
3 £ | § comparisons than either
700 700 | | 700 \ * I
. N | .{ | CrIS or TROPOMI alone.
boicd G o0 =3.16% %0 —— Mean=143% %0 = Mean = 10.41% 900 —— Mean = 7.10%
il Dev = 9.83% === Std Dev = 16.43% -==- Std Dev = 14.65% ---- Std Dev =1355% -
moo_mo -75 =50 —‘)s 0 25 S 75 100 moo_ 00 -75 _5; 25 0 ;5' : S0 75 100 1000 e 1000 T 3 R eS u |tS are CO n S I Ste nt
X -100 ~75 -50 - 75 10 - -75 - 25 S0 75 100
(Cr1s - Sonde) / Sonde (%) (Cr1S - Sonde) / Sonde (%) A s eie ey T A N i s 1 e . .
86 TROPOMI / Sonde Ozone Difference Autumn o9 TROPOMI / Sonde Ozone Difference Winter 106 TROPOMI / Sonde Ozone Difference Spring TROPOMI / Sonde Ozone Difference Summer Wlth J O I nt A I R S - O M I
- v €2) - 3) (Al retrievals.
300 300 300
400 400 400
3 3 2 =
500 i 500 £ s00 E e
: : el
600 g 600 § e00 % (@)
& &
700 700 100 s
800 800 800
-~ Zero DEENEEY/ 000 |mee Zero Ft a0
900 —— Mean = -0.74% 900 —— Mean = 4.07% 90 —— Mean = 2.87% w00 —— Mean = 2.50%
- =5, - =10. ---- Std Dev = 7.89% --- i
. Std Dev = 5. 653‘[ - Std Dev = 10. 90:G . td Dev §iig . Std Dev\ = 8.85% |ow|edged .
-100 -75 -50 =25 0 25 SO 75 100 -100 =75 -50 =25 0 25 S0 75 100 -100 -75 -50 -25 O 25 S0 75 100 -100 =75 =50 -25 O 25 S0 75 100 Page 8
(TROPOMI - Sonde) / Sonde (%) (TROPOMI - Sonde) / Sonde (%) (TROPOMI - Sonde) / Sonde (%) (TROPOMI - Sonde) / Sonde (%)



Jet Propulsion Laboratory
California Institute of Technology

Characterisation of CrIS CO

Pressure (hPa)

MOPITT TIR/NIR

()]

200
400
600 |

800 [

1000:Illllllllllllll:

-0.2 0.0 02 04 06
Averaging kernel row

(b)-

Height [km]

-02 00 02 04 06

Averaging kernel row

Example MOPITT and CrIS CO AK from

[Fu et al 2018.
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CrIS CO comparisons against NOAA aircraft from
Worden et al 2022.

J

Column averaging kernel [1] 20
~
_ Example
CrlS CO and TROPOMI CO retrievals peak TROPOMI CO AK
in the troposphere at similar pressure levels from Landgraf et al
2016.
J
[TROPESS provides multi-year high quality CO retrievals
datasets from CrlS.
TROPESS MUSES CrIS-TROPOMI/TROPOMI-only CO
kproduct development underway. )
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019-2020 Wildfires in Australia, ozone and CO perspective

/2019 was the hottest and driest\
year on record for southeast
Australia leading to bushfires of
unprecedented extent.

0 500 1000 1500 10

Elevation (m)

Temperature (°C)
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Peaking in January.
" / J

(Byrne et al. 2021 found that
113-236 TgC of CO2 were
released during these wildfire

events.
- J

~

/Ozone Is complicated in the
presence of fires. Fires do not
form ozone directly, but
generate the necessary
precursors to form ozone down
\stream of the fires. /
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Clear evidence of CO
plumes from fires in
Eastern Australia.

low near fires due to NO
titration, and high

downwind of fires.
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-

Obvious similarities
between operational
TROPOMI and
TROPESS CrlS-

J

~

TROPOMI.

- J

CAMS shows significant
differences.
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-

Obvious similarities
between operational
TROPOMI and
TROPESS CrlIS-

~

TROPOMI.
- J

CAMS results continues
to show significant
differences, most notably

\in tropospheric ozone.

J

-

Remains challenging to

differentiate transported

ozone from ozone

generated as a part of
wildfires.

-

~

J
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/Focusing on O3/CO \

ratio, we see peaks and
troughs. Potentially
indicating an initial high
concentration of CO
from fires, then a
reduction in CO as O3

chreases. /

Substantial differences
between CrIS-TROPOMI
and CAMS.
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Time series (Troposphere Enhancement)

Time series show enhancements of highlighted boxes
from previous plots, relative to the whole plotted area.

Jet Propulsion Laboratory
California Institute of Technology

r = 0.85, Western Australia Enhancement
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4 November 2019 )
Clear correlation between Ozone and CO
enhancements in both the highlighted regions,

otentiall

" y y

(Data from MUSES )
CrIS/ITROPOMI
retrievals shown
only.
Y Y
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Jet Propulsion Laboratory Time series (Enhancement)
Time series show enhancements of highlighted boxes
from previous plots, relative to the whole plotted area.
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Enhancements from ozone and CO higher than Enhancements from Western Australia show a
November, but no evidence of a correlation. gradual decrease in CO, with variable O3.
\Potentially ozone generation occurs further afield. ) From Eastern Australia, some correlation
. between CO and O3 activity evident. )
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B California Institute of Technology

NaSK Jot Propulsion Laboratory | TRopess

= TROPESS has measurement-focused (rather
than mission-focused)  approach to
atmospheric composition retrievals.

» CrIS-TROPOMI and CrIS O3 and CO products
show good cross-comparison and validation
comparison metrics.

Products

« Impact of wildfires in Australia clearly https://tes.jpl.nasa.gov/tropess/get-data

identifiable with CrIS-TROPOMI retrievals.

Potentially useful for lifting lid on complex TROPESS MUSES retrievals also available for:
O3/CO relationships with wildfires. However, - AIRS
further work is necessary. . OMI
« AIRS/OMI
- CrIS
= Further improvements to CrIS-TROPOMI O3 « TROPOMI
product ongoing, utilising V2.01 of L1b data. « CrIS/ITROPOMI

CrIS-TROPOMI CO product development
ongoing.

© 2022 California Institute of Technology. Government sponsorship acknowledged.
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/Good agreement\
found between
_ MUSES TROPOMI
8 GODFIT TROPOMI OFFL TOC vs MUSES TROPOMI TOC| only, and the
= = o TROPOMI OFFL TOC
pu Slope = 1.01 - ;
= intercept = 6.05 product.
S350 R%=0.868 - /
8 r=0.932
= n= 2247
|§ 300 =-3.06
- /Algorithms are\
Li significantly different,
O ° profile retrieval
0) 240 260 280 300 320 340 360 380 (MUSES) vs column
MUSES Total Column [DU] shift (GODFIT).
Therefore differences

\are expected. /
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