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For a vertical profile comparison of the molecular hydrogen (Hz) we used the records from the Aircraft (AIA)
flask sampling d ata from Krummel et al., 2021r m easured over T asmania. T he s easonal average ratios of the
H, measured at varying heights with respect to the ground values (from 1991 to 2000) were plotted against
the average model estimates from 2015 and 2016 (see Figure S7). SON and DJF were the seasons for which
GEOS-Chem represented best the evolution of Hy with altitude. On the other hand, for MAM and JJA, the
model was unable to capture the vertical gradient of the observations attributing more Hs in height than the
reported in the average nine year trend. This might be caused by enhanced modelled vertical transport of Hs.
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Figure S1: Time series for selected modelled species in molecules cm~2 from the baseline box model simulation

in London starting at noon on the 22"? of July 2012.
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Figure S2: Time series for selected modelled species in molecules cm ™2 from the baseline box model simulation
in Cape Verde starting at midnight on the 2"? of January 2015.
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Figure S3: Time series for selected modelled species in molecules cm ™2 from the baseline box model simulation
in Borneo starting at 18:00 on the 11*" of July 2008.
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Figure S4: Percentage change in the total rate of production of Hy from aldehydes for varying quantum yields
calculated relative to the baseline simulation at the three tested sites for 1 modelled day (local time)
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Figure S5: Percentage change in the total rate of production of Hy from aldehydes for varying quantum yields
at the three tested sites for 5 modelled days (local time)
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Figure S6: Average modelled mixing rations of He per season estimated with GEOS-Chem at 500 hPa for 2015

and 2016.
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Figure S7: Seasonal comparison between average modelled (triangles) and average observed (circles) Hy esti-
mated ratios at different heights with respect to the surface layer. Modelled averaged values are from 2015 and
2016. Observations averaged values are those from the Aircraft (AIA) flask sampling data from Krummel et al.,

2021r
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Figure S8: Comparison between baseline-selected in-situ data, baseline-sampled data measured with a PDD
detector (blue and orange line) and flask baseline sampled by CSIRO at Cape Grim from April 2015.
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Figure S9: Seasonal cycle comparisons of CO at five sites from the CSIRO dataset (Krummel et al., 2021a,
2021b, 2021c, 2021d, 2021e, 2021f, 2021g, 2021h, 2021i) reported Flask Data for 2015 and 2016, the dash line
with circle markers corresponds to observed values and the continuous line with triangle markers corresponds
to modelled values in GEOS-Chem.
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Figure S10: Percentage difference on the chemical production of Hy between the 1% production of Hy scenario
and the baseline for a year a) At the surface level, b) At 500 hPa, c¢) Longitude section at 2 N and d) Latitude
section at -70 W

1.5
1.0
0.5
0.0

%

-0.5
-1.0

-15

Figure S11: Percentage difference on the chemical production of Hy between the 1% production of Hs scenario
and the baseline for a year at the surface layer from the photolysis of a) methylglyoxal b) acetaldehyde, HPALD,
glycolaldehyde, methacrolein, lumped aldehydes with more than 3 carbon atoms RCHO (integrated)
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Figure S12: Simulated mixing ratios of methylglyoxal at the surface layer for January and July 2015. The
modelled magnitudes of methylglyoxal in our GEOS-Chem simulation are comparable to those shown by Fu
et al., 2008 in their Figure 2b.
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Figure S13: Percentage difference on the modelled mixing ratios of Hy between the 1% production of Hy scenario
and the baseline for a year a) At the surface level, b) At 500 hPa, c) Longitude section at 2deg N and d) Latitude
section at -70deg W
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Table S1: List of aldehydes in the MCM, along with photolysis products and rates (J [s7!]) for the Hy channel
estimated with 1%, 2%, 5% and 10% quantum yields applied across wavelengths.

Aldehyde MCM ID Photolysis JID J 1% qy J 2% qy J 5% qy J 10% qy
products®

Formaldehyde HCHO? H2 + CO J12 - - - -

Glyoxal GLYOX? CcO + CO + J31 - - - -
H2

Acetaldehyde CH3CHO CH2CO¢ + J62 4.37E-07 8.74E-07 2.18E-06 4.37E-06
H2

Propanal C2H5CHO C2H4 + H2 J63 5.68E-07 1.14E-06 2.84E-06 5.68E-06
+ CO

Butanal C3H7CHO C3H6 + H2 J64 6.76E-07 1.35E-06 3.38E-06 6.76E-06
+ CO

Isobutylaldehyde IPRCHO C3H6 + H2 J65 5.49E-07 1.10E-06 2.74E-06 5.49E-06
+ CO

Acrolein ACR C2H2 + H2 J66 2.44E-06 4.89E-06 1.22E-05 2.44E-05
+ CO

Methacrolein MACR C3H4 + H2 J67 3.05E-07 6.09E-07 1.52E-06 3.05E-06
+ CO

Methylglyoxal MGLYOX CH2CO¢ + J68 4.42E-07 8.83E-07 2.21E-06 4.42E-06
H2 + CO

HPALD HCOCH200H H2 + Other J69 4.65E-08 9.30E-08 2.32E-07 4.65E-07
products

Glycolaldehyde =~ HOCH2CHO  HCHO + H2 J70 1.07E-07 2.15E-07 5.37TE-07 1.07E-06
+ CO

3-Hydroxy 2- HOIPRCHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06

Methylpropanal products

Lactaldehyde CH3CHOHCHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06
products

3-Oxopentanal CO3C4CHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06
products

3-Hydroxy- HO3C4CHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06

pentanal products

3- HOC2H4CHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06

Hydroxypropanal products

2- HO3C3CHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06

Hydroxybutanal products

4- HOC3H6CHO H2 + Other J71¢6.76E-07 1.10E-06 3.38E-06 6.76E-06

Hydroxybutanal products

* Expressed with the identification used in the MCM.

’ Species in MCM that already include the photolytic generation of Hy. The photolysis rates were kept the
same for all tests.

° The ketene CH,CO generated in the photolysis channel was replaced with glycolaldehyde as described in the
text.

“In absence of aldehyde-specific cross section measurements, the photolysis rate of butanal was used as a
surrogate in each case.

Page 11



Supplementary material

"$9JEp , PUO pue , 11e)s oYy £q po1oaod porred oy Surmp oreduwod 0} pasn SIUGWLINSLOW JO IDGUINN],

"SOLIIOWI

JO uorye[nOEd oYY UL Posn (1-e[g0g) “'[& 10 [PWWNIY WO SHPULUDINSEIUL dY[} Ul d[qe[lear 9jep )se] oY 0} spuodsorio),
*SOLIIOW

Jo uorye[nored 1) Ul pesn (I-eTg0gz) [k 10 [WIWNIY WOIJ SUOUISINSeIUl 9} Ul d[qe[leA® 9)ep 1SI o) 0} spuodsario)),

€L €S 19°¢ 9000 L9G-  LPOE-  LE0€  ¢60  ETLPE  L99IS ve 1910 106106 °H HSH HS 872" 696668 o[od ynog 0ds
LU9- LT9 66 9001 66'Ct  €0€ET  9T'EE IS0 GLICE 69'8IC PL 19102 10610¢  °H HSH HS 90879 LP09'L9- uosMely  YVIN
696~ 69°¢ VLS 9001 PEC 8T0§T  6E0E  T60  E60PE GO9S ¥¢ 1910 106102 °H HSH HS  L9TG0IT  €€82°99- Lose)) VAD
1Z°9-  LZ9 809 9001 809~ 6TEE  EPEE 880 8LLPG  GPFIC ¥¢  CI910 106108 °H HSH HS  9866'8ST  G86F¥S- puels] otrenboely YOI
gL L 10L 0 000 0L LE'BE 6LSE LU0 LELPS  00°60S ve 21910z 1076108 °H HST HS  €880°FFT 5289707~ wy ode)y  0DD
99'TI- 99T 00T 2L'0-  00'TI-  80°09-  F9°09  0L0  O0£9¥S  TT9sP 0z 2I910z 109108 °H HST HS  ¥8S0°LFI  €LLT61- uosnBioy ode) VIO
090-  L&T T T00- 690 9T 696 990  TZ9EE  GEEES ve  gI910¢ 106106 °H HNT HN  G9.8°¢ST-  39€G6T voRumRl 0TI
20T 6% 08¢ 200 V0% 866 L6TT 60 €668 I6°66V ve  g1-910  10610¢  °H _ HNH HN  STPE29-  T66V°G8 101y LTV
[add] [add]

S0 PO pueq

ad G4 IAN gAN AN N ESINY S L) OGN it DMBIS  SeD) ye] a1oydsiuol o e oweu oyNg (I NS

1eserep b1gog ‘d1g0g ‘01g0¢ UIZ0g ‘WIg0E TI50% M0 ‘[Tg0g T8 10 [PUIunIy o1} WOoIj 9118 SULMSLOUW Y. Y8 SOLIIOUT Paje[nd[e)) g§ 9[qRL,

Page 12



