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A range of key atmospheric chemicals are observable from space in the TIR
... and are not accessible in the UV/Vis
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[Millet et al., submitted, 2024]

These TIR species are highly complementary with those that will be quantified by ACX



TIR measurements rely on the surface-atmosphere temperature difference
Detection efficiency increases with altitude

0 But TIR observations still provide sensitivity to the boundary layer!
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Recent work with CrlS and IASI demonstrates value of TIR retrievals of VOCs, NH,,
PAN for air quality applications

NH, Reactive N emissions caused ~23M years of life lost in 2013 due to resulting PM2.5
1 Global NH, emissions now contribute more to PM2.5 than do NO,_ emissions
[ Marginal cost of abatement only 10% that of NO_ [Gu et al., Science, 2021]
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Using CrlS data to quantify PAN formation in fire plumes [Juncosa Calahorrano et al., GRL, 2021]




Measuring isoprene from space using CrlS

Brightness temperature difference without fitting for isoprene

Example isoprene spectral signature in single CrlS spectrum
CrlS low noise provided enables first direct space-based measurement of isoprene
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Together, isoprene (GXS) and HCHO (ACX) measurements constrain isoprene emissions
and atmospheric oxidation

GEOS-Chem isoprene:HCHO correlations over Amazonia binned by NO,
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Assessing atmospheric OH regimes from space

The isoprene:HCHO column ratio scales closely with OH This allows us to test understanding of isoprene
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Mapping OH trends over the Southeast US

1 1 1 1 I
2013 2014 2015 2016 2017

|
2018

1
2019

A low
e (@) slope = 0.007 £ 0.005, r = 0.82 °
5 0.30 4 slope = 0.008 + 0.005, r = 0.84 ® Satellite measurements
I .
C s —— ° o — || OH reveal multi-year Qisop.
Q o © Quicho trend
@ 0-25 1 E— CrISIOMPS
G - ¢ cris/oml
T T T T T T T T v h|gh
2013 2014 2015 2016 2017 2018 2019 2020
[Shutter et al., Science Advances, in press]
GEOS-Chem (base)
o ()  slope =0.011 + 0.004, r = 0.93 . [ Corroborating the model-predicted trend...
O . . . )
GIo.so - . which is due to changes in OH, not in the Qisop:QHCHO vs. 1/0OH
) relationship
9 No trend in model Qisop:QHCHO vs 1/OH relationship
i 0.25 - o s le—7 _
T T T T | T T T o % 74 © o a é - Q 8 g
2013 2014 2015 2016 2017 2018 2019 2020 &% 8 09 ¥ 8 g ° g 8
(OIS .
I~ 1e6 é 6 slope = 0.0 = 0.0,r=0.21 © e
E 4.00 4 5 T T T T T T T T
O 1.00
B 0 o) o] 4g o g
D 3504 c 0954 © § 8 —4 g % 8
o) » '
slope = -0.001 £ 0.002,r=0.42
£ slope = -120000 35000, = 0.96 150
T 3004 (0 2013 2014 2015 2016 2017 2018 2019 2020
O T Time
2020




CrlS isoprene [10'® molec/cm?]

Mapping OH trends over the Southeast US
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Space-based observations of troposp
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CrlS measurements show that the Permian
fossil fuel production basin in Texas and New
Mexico stands out globally with the largest
persistent ethane enhancements on the planet

neric ethane map fossil fuel emissions

[Brewer et al., in revision]
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GXS observations would also enable measurements for a suite of other VOCs

Tracers for understanding biogenic, pyrogenic, anthropogenic emissions and changes over time

CrIS Methanol CrIS Ethyne CrIS Ethene CrIS HCN

2 (10 molec/cm?)

[Wells et al., to be submitted, 2024]
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ANN training sets used in the ROCRv2 VOC retrievals,

illustrating the HRI-column relationship and the vertical
dependence of detection sensitivity. Data are plotted for (a)

HCN, (b) ethyne, (c) ethene, and (d) methanol, and are

shaded by P,

the VOC column resides.
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Spectral detection of ethane in CrlS radiances. Plotted are (a)
CrlS CO Columns 3, (b) ethane HRIs, and (c) ethane brightness
temperature differences for a fire plume over the South Pacific on
January 2, 2020. All quantities are normalized to their largest
value and screened for clouds using the 900 cm™
brightness/surface-skin temperature difference?®. Ethane HRIs
and brightness temperature differences are computed as
described in-text.
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