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S1 Supporting text

S1.1 Missing source estimate

Following Ghosh et al. (2015), the changes in the Hs source (AS(Hsz)) needed to reduce the model
bias (AHy(sfc)) can be estimated as:

d(AHz(sfc))

dt
where K is the ratio of the simulated Hy burden to the simulated surface concentration of Ho, Ko
is the ratio of the simulated loss of Hs to the simulated surface concentration of Ha, and AHs(sfc)
is the difference between observed and simulated Hy. Here AS(Hj) is estimated from the bias as
background sites.

AS(HQ) = Kl + KQAHQ(SfC) (1)

S1.2 REVISED anthropogenic emissions

In the BASE simulation, anthropogenic emissions are assumed to solely originate from combustion
processes and calculated using time-invariant and source-specific Hy to CO emission ratios (Table
S1) that reflect the water—gas shift reaction.

The REVISED emission inventory incorporates a more detailed treatment of Hs emission factors.
In particular, we account for the difference between gasoline- and diesel-powered vehicles and for
the increase in the Hy to CO emission ratio associated with three-way catalytic converters (Bond
et al., 2010, 2011). Hy vehicular emissions are estimated using Hy:CO emissions ratio (Table S1) and
ECLIPSEv6 CO region- and vehicle-type specific emissions (Klimont et al., 2017). These changes re-
sult in a model decrease in transportation emissions in 2010 (5.5 Tg/yr vs 5.8 Tg/yr).The REVISED
emission ratio for biofuel and waste are from Andreae (2019). Following Vollmer et al. (2012), we
assume that other residential emissions of CO (e.g., oil and gas stoves) do not produce Hs.

The industrial emission ratio is not modified between the BASE and REVISED emissions inven-
tories. However, in the REVISED inventory, we use the Emissions Database for Global Atmospheric
Research (EDGAR) v6.1 industrial CO emissions instead of CEDS to estimate industrial Hy emis-
sions. These inventories exhibit different trends for CO (+8.7 Tg/yr for EDGAR and -30.7 Tg/yr for
CEDS in 2018 relative to 2010), which translate to different trends in Hy emissions (4+0.1 Tg/yr and
-0.4 Tg/yr, respectively). We select the EDGAR inventory as we identified the decrease in industrial
Hs as one of the main drivers for the decline in anthropogenic emission in the BASE inventory.

The REVISED inventory also includes a non-combustion source of Hy associated with Hy indus-
trial production (primarily for NH3 production and refining (International Energy Agency, 2019)).
Hs release from such facility is uncertain due to the lack of sensing technology. Recent estimates
range from 0% to 2.7% (Arrigoni and Bravo Diaz, 2022; Fan et al., 2022; Frazer-Nash Consultancy,
2022). Here we assume a 2% release rate (Bond et al., 2011), which yields an estimated source of
1.5 Tg/yr in 2010 and 1.8 Tg/yr in 2019.

S1.3 REVISED natural emissions

In the REVISED inventory, marine Hs emissions are calculated interactively (Johnson, 2010; Paulot
et al., 2021) from the simulated distribution of surface seawater CO (Conte et al., 2019), scaled to
produce a net flux of 6 Tg/yr. We use CO as a proxy for biological activity following Pieterse et al.
(2011). Relative to the BASE inventory, the REVISED inventory exhibits higher emissions in the
tropics and lower emissions in the Southern ocean, which reflects changes in the solubility of Hy
(Fig. S3a).

The soil source of Hs is distributed following the simulated land biological nitrogen fixation from
the MIROC-ES2L Earth system model (Hajima et al., 2020). The soil Hy flux is set to 4.5 Tg/yr,
which is at the high end of previous estimates (Ehhalt and Rohrer, 2009). MIROC-ES2L explicitly
accounts for biological nitrogen fixation by crops. This results in much larger Hy emissions in the
Northern mid latitudes relative to the BASE soil emissions.

Biomass burning emissions are kept unchanged from Paulot et al. (2021). However, we note that
using the emission factors of Andreae (2019) would reduce Hy emissions from 8.3 to 6.1 Tg/yr over
the 2010-2019 period. This is less than previous estimates (10-20 Tg/yr) (Ehhalt and Rohrer, 2009;
Andreae, 2019), which may partly reflect an underestimate in the global burned area in GFED4s
(Chen et al., 2023).



S1.4 Deposition sensitivity
The deposition velocity of Hy can be expressed as
1 1 1

) g @)

where g; and g5 represent the Hy conductance through barriers that reduce the transport of Hy
to active sites (e.g., canopy, litter, ...) and in the soil.
The conductance in the soil is expressed after Ehhalt and Rohrer (2013) as

s = Vkm hT f Dy (3)

where hT and f are the sensitivity of Hy biological uptake to temperature and soil moisture, respec-
tively, Dy is the moisture-dependent diffusivity of Hs in the soil, and k,, represents the maximum
uptake rate of Ho. We assume that k,, is spatially invariant. All moisture dependencies are evaluated
after Bertagni et al. (2021). Namely, f is expressed as

7 = (5 = 500 (1= 50 @

where s, is the threshold below which Hy consumption is inhibited. s,,s can be estimated as:

¥ 5
Sws = (‘I/ws> (5)

where the U and b constants can be determined experimentally (Bertagni et al., 2021) and W,
is the soil matrix potential below which bacterial uptake is inhibited. Given s, 81 and B3 can be
estimated based on observational constraints (Bertagni et al., 2021).

For g;, we account for the impact of canopy and above-ground litter. For the canopy, we assume a
time-invariant conductance based on the vegetation type (Makar et al., 2018). The litter conductance
is estimated assuming a litter porosity of 0.62 (Wang et al., 2019). The litter depth is estimated based
on the simulated above ground carbon from the IPSL INCA model historical simulation (Boucher
et al., 2021) assuming a density of 0.03 g/cm?® (Chojnacky et al., 2009).

We carry sensitivity experiments in which the resistance due to litter and canopy conductance
are scaled by a factor between 0 and 2 and W, takes values between —10% and —10% kPa (compared
to -3000 kPa in REVISED_GLDAS). For each combination, k,, is optimized to yield the same global
vg(Ha) for year 2010. We find that the canopy resistance has little impact on the meridional gradient
and trend and we focus our analysis on the litter resistance.

Fig. S6 shows the measured and simulated vg(Hs) at 7 different sites. As noted previously by
Paulot et al. (2021), all parameterizations tend to overestimate the variability in v4(Hsz) across sites.
In particular, vg(Hz) is underestimated at Tsukuba and Mace Head (Fig. S6c and e). In contrast,
seasonality and magnitude are well captured by all parameterizations at temperate sites (a, b, d, g).
The large spread in simulated vg(Hz) at the San Jacinto Mountain Reserve (desert) reflects different
degrees of inhibition of HA-HOBs under low soil moisture (Fig. S6f).




S2 Supporting tables and figures

Table S1: Sector-based molar Hy to CO emission ratio

BASE* REVISED

Industrial 0.2 0.2
Residential
Biofuel 0.3 0.31°
Other 0.3 0c¢
Transportation
Gasoline-powered vehicles (up to EURO3) 0.5 0.5 ¢
Gasoline-powered vehicles (EURO4 and above) 0.5 14
Diesel-powered vehicle 0.5 0.0021 ¢
CNG-powered vehicle 0.5 0.04 ¢
Waste 0.07 0.32°

@ Paulot et al. (2021) ® Andreae (2019) ¢ Vollmer et al. (2012) ¢ Bond et al. (2010, 2011)



38

Figure S1: Location of the ground surface stations used in this study. 1.ALT 2.ASC 3.ASK 4.BHD
5BMW 6.BRW 7.CBA 8.CGO 9.CIB 10.CPT 11.CRZ 12.DSI 13.EIC 14.GMI 15.HPB 16.HUN
17.ICE 18.1Z0 19.KEY 20.KUM 21.LLN 22.LMP 23.MEX 24.MHD 25.MID 26.MLO 27.NAT
28.NMB 29.NWR 30.0XK 31.PAL 32.PSA 33.RPB 34.SEY 35.SGP 36.SHM 37.SMO 38.SPO
39.SUM 40.SYO 41.TAP 42.USH 43.UTA 44.UUM 45.WIS 46.WLG 47.ZEP. Further information
regarding each station can be found at Global Monitoring Laboratory (2023)
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Figure S2: Sectorial Hy anthropogenic emissions in the BASE (a) and REVISED (b) configurations
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Figure S3: Marine and soil Hy emissions in the BASE and REVISED emission inventories.
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Figure S4: Simulated CH50 loss (a) and Hy yield from CH2O and CHy. The yields are estimated
by dividing the 2010-2019 average column-integrated Hy production associated with CHO and
CHy4 photooxidation by the column-integrated chemical and depositional loss of CH2O and by the
phochemical loss of CHy, respectively.
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Figure S5: Changes in snow depth (a), soil temperature (b), soil moisture (as a fraction of pores
(c)) and their impact on Hy soil diffusivity (d), Ha bacterial uptake, (e) and Hy deposition velocity
(REVISED_GLDAS, panel f) between years (2017-2019) and years (2010-2012).
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Figure S6: Comparison between simulated and observed Hy deposition velocity at (a) Harvard Forest
(temperate forest, (Meredith et al., 2016)), (b) Gif-sur-Yvette (pasture (Yver et al. (2009) (black);
Belviso et al. (2013) (grey)), (c¢) Tsukuba (Yonemura et al. (2000) for agricultural land (black)
and forest (grey)) (d) Helsinki (forest, Lallo et al. (2008)), (¢) Mace Head (peat, Simmonds et al.
(2011)) (f) San Jacinto Mountain Reserve (desert, Smith-Downey et al. (2008)), (g) Heidelberg (semi-
urban, Hammer and Levin (2009)). Errorbars for the REVISED_GLDAS and REVISED_GLDAS2
configurations denote the standard deviation in the simulated monthly vg(Hz) over the 2010-2019

period.
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