














Extended DataFig.1| The spatial distribution of H,sinks and sources. biogenic non-methane volatile organic compounds (NMVOC) (e),
Theseinclude direct emission from wildfires (a), Biofuel (b), Biogenic Nitrogen anthropogenic NMVOC (f), fire emitted NMVOC (g), and methane (h), and sinks
Fixation (BNF) (c), fossil Fuel usage (d), and production from oxidation of of OH reaction (i) and soil uptake (j).
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Extended DataFig.2|Historical and projected global surface air temperature
(GSAT) changes caused by having H, represented in the model at different
economy-wide H,leakage rates. Thisis obtained as the differencebetweena
fully interactive simulation and a counter-factual one inwhich H, concentration
iskeptat preindustrial level. Top-row panels show the historical contribution of
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H,to GSAT, aswellasto CH,, O;and stratospheric water vapor (SWV) effective
radiative forcings (ERF). All other panels show projected contribution to
GSAT, under difference marker SSPs and leakage rates, asindicated in the
panels’titles.



Extended Data Table 1| Mean global sinks and sources (Tg H, yr ') averaged for the period 2010-2020

Period 2010-2020 | 2020
Sources
Fossil fuel 7.5£3.9 (10.7%) 6.8+3.8 (9.8%)
Automobile Transportation 3.7£2.0 2.9+1.8
Other processes 3.8+3.3 3.9+3.4
Biomass burning 11.6+3.7 (16.6%) 11.9+4.2 (17.3%)
Open fires 8.4+3.3 8.9+£3.9
Biofuels 3.2+1.7 3.0£1.5
Biogenic N2 fixation 8.0+4.0 (11.6%) 7.8+£3.9 (11.3%)
Ocean 4.9+3.1 4.6+2.9
Land 3.1£2.5 3.2+£2.6
Photochemical production 38.4+6.1 (54.9%) 37.7£6.0 (54.7%)
CH4 Oxidation 26.1£3.5 25.3+3.3
NMVOC Oxidation 12.3+5.0 12.4+5.0
biogenic NMVOCs 10.7+5.0 10.8+£5.0
Wildfire NMVOCs 0.5+0.3 0.5+0.3
Anthropogenic NMVOCs 1.1+0.6 1.1+0.6
Leakage from H: production 0.7£0.4 (1.0%) 0.9+0.5 (1.3%)
Other minor sources 3.7£2.3 (5.2%) 3.8+2.3 (5.6%)
Sinks
Soil uptake 50.0+18.0 (73.0%) 51.1+18.4 (73.6%)
OH reaction 18.4 £2.2 (27.0%) 18.3 £2.2 (26.4%)
Net Imbalance
Bottom up 1.5£20.4 -0.5+20.8
Optimized 0.6+1.4 1.1
H: Lifetime
2.8 Year

The percentage relative to the total estimated sources or sinks is displayed in parentheses. The Optimized net imbalance was obtained using a two-box model to agree with observed

atmospheric H, concentrations as described in Supplementary Note 2.
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Extended Data Table 2 | Summary of available empirical data and critical needs on H, emissions and uptake

Category Data Availability Level and Critical Needs

Description
Soil H; Uptake Some: A few sites with season- More long-term, year-round measurements
Rates long measurements across diverse ecosystems, climate zones, and

soil types.

Soil Maximum

Rare: Only a single measured

Laboratory-based studies needed to determine

Biological value reported in literature maximum biological oxidation rates for soils
Oxidation Rate with varying textures and properties.
Leakage Rates  Rare: No empirically measured Development of new instrumentation for
of H; from leakage data available in the detection; systematic field measurements
Facilities literature for production sites, across a range of facility types and
pipelines, end-use infrastructure, infrastructure components.
or appliances.
Biomass Some: Emission factors are Broader measurement campaigns needed to
Combustion available for certain wildfire types  capture variability and uncertainty across
and biofuel appliances based on combustion types and regions.
one or just a few measurements
Fossil Fuel Some: Existing measurements Expanded data collection across different
Combustion were mainly focused on older vehicle types, fuel compositions, regions, and
generation vehicular emissions in  other fossil fuel applications beyond
Europe. transportation.
Biogenic Rare: One study includes full More long-term measurements of various
Nitrogen season-based measurements legume species, with coordinated monitoring

Fixation-Land

of both nitrogen fixation rates and associated
H; emissions.

Biogenic
Nitrogen
Fixation-Ocean

Some: Limited field and laboratory
studies provide short-term ratios of
H> emissions to N fixation.

Increased spatial and temporal coverage is
needed, including long-term observations in
under-sampled marine regions.

VOC Oxidation

Some: A few studies provide yield
estimates of formaldehyde
(HCHO) production from different
VOC groups.

New measurements and experimental studies
required to refine HCHO yield rates under
different atmospheric conditions for various
VOC groups.

Other minor
sources

Some: Scattered emission factors
exist for various sources including
geological seepage, wetlands, rice
paddies, landfills, wastewater
treatment, termites, and livestock.

Additional targeted measurements are needed,
especially for geological sources and termites,
which may contribute more significantly than
currently estimated.

Two levels of data availability are defined here: Some—limited measurements from a few studies, and Rare—nearly none or only one related study provides data.





