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Text 1 Fire emissions over the past two decades and their impact on the global OH concentration
Despite a decrease in the global burned area driven by human activity over the past two decades1,2, both top-down satellite-based inversions and bottom-up emission inventories consistently indicate that wildfire emissions have remained quasi-stable2,3, with no significant trend in the past two decades2,3 (Supplementary Fig.4a,b). This stability results from a balance between the reduction in grassland and shrubland fire emissions, driven primarily by human activity1,2, and the increase in forest fire emissions due to climate change2,4. Therefore, our calculation of the cumulative changes in the global CO₂ burden begins from the 2010s.
Using the GEOS-Chem model driven by GFED4.1s fire emissions3, we investigated the impact of changes in fire emissions over the past two decades on global OH concentrations. The simulation shows insignificant changes of -0.06% in global mean OH concentration between the 2000s and the 2010s (Supplementary Fig.4c,d). This result suggests that the “fire-chemistry-methane” feedback has played a negligible role in the recent rise of atmospheric methane levels. However, it will emerge as a significant factor by the mid-21st century with substantially intensified wildfire activity.
Despite the minor role in the decadal trend, our simulation finds considerable suppression of global mean OH concentrations in extreme fire years (Supplementary Fig. 4c). For instance, global OH concentrations are more than 1% lower than the 2000–2019 average in 2006, 2015, and 2019 due to large anomalies of global fire emissions. Consistent with our simulations, previous studies also reported substantially reduced global OH concentrations in response to large fire events5-7.
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Supplementary Fig.1 | a. Simplified chemical mechanism controlling OH concentrations in the remote atmosphere. b. Schematic diagram of OH production and destruction influenced by forest fire emissions featuring higher RCS emissions relative to NOx emissions. 
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[bookmark: _Hlk119307708][bookmark: _Hlk119307646]Supplementary Fig.2 | a. Distribution of the dominant plant functional type (PFT) group in the RESFire model. The dominant PFT is defined as the PFT with the largest fraction in each grid cell. b. Proportion increases of fire emissions in the 2050s relative to the 2000s for each PFT. Results are from the simulation by RESFire under RCP4.58,9. 
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Supplementary Fig.3 | Region definition for Figure 1c.
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Supplementary Fig.4 | Global fire RCS emissions (represented by CO) and global mean OH concentration driven by fire over the past two decades. a. Annual anomalies of global fire CO emissions from 2000 to 2019, derived from top-down satellite inversions based on MOPITT2 and bottom-up GFED4.1s fire emission inventory3. b. Decadal changes in global mean fire CO emissions between the 2000s and the 2010s, as calculated from the GFED4.1s fire emission inventory shown in Panel a. c. Annual anomalies of global mean OH concentration from 2000 to 2019, as simulated by GEOS-Chem driven by the GEFD4.1s fire emission inventory. d. Decadal changes in global mean OH concentrations between the 2000s and the 2010s from Panel a.
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Supplementary Fig.5 | Global wetland methane emissions from the 2000s to the 2050s10,11. a. Time series of annual methane emissions with uncertainty (shaded). b. Decadal mean methane emissions derived based on annual data in Panel a.
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Supplementary Fig.6 | Schematic flowchart of this study. First, fire RCS and NOX emissions for the 2000s and the 2050s are obtained from the RESFire model driven by the CESM climate simulation under RCP4.5. Then, fire emissions are applied to the GEOS-Chem atmospheric chemical transport model. Finally, the impacts of fire emissions on global OH concentrations, the atmospheric methane burden, and radiative forcing are evaluated and compared to the effects of other mechanisms reported in the literature8-12. 

Supplementary Table 1. Sensitivity of global mean OH to the emissions of CO, VOC and NOx.
	Model/Project
	ΔOH /ΔECOa
	ΔOH/ΔEVOCb
	ΔOH/ΔENOxc

	GEOS-Chem
	-0.033
	-0.046
	0.528

	HTAPd
	-0.032
	-0.018
	0.438

	OxCompe
	-0.065
	-0.048
	0.326



a Simulated percentage changes of global mean OH concentrations in response to changes in CO emissions (%/Tg C).
b Simulated percentage changes of global mean OH concentrations in response to changes in reactive non-methane VOC emissions (%/Tg C).
c Simulated percentage changes of global mean OH concentrations in response to changes in NOx emissions (%/Tg N).
d Ensemble averages of the Hemispheric Transport of Air Pollution (HTAP) multi-model intercomparison project, which includes 4 atmospheric chemical transport models, FRSGCUCI-v01, GISS-PUCCINI-modelE, MOZARTGFDL-v2, and TM5-JRC-cy2-ipcc-v113,14.
e Ensemble averages of the tropospheric oxidant model comparison (OxComp) project, which includes 9 atmospheric chemical transport models, IASB, KNMI, MOZ1, MOZ2, MPIC, UCI, UIO, UKMQ, and ULAQ15,16. 

Supplementary Table 2. Decadal average fire emissions and the standard deviations of interannual variability simulated by the CESM-RESFire model8,9.
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a Ketones (excluding acetone)
b Alkanes with at least 4 carbons

Supplementary Table 3. Summary of future regional and global fire predictions.
	Geographic domain
	Fire activity indicator
	Projected change of fire activity
	Reference

	Global
	Fire weather
	Global fire-prone conditions are projected to increase significantly, with longer fire seasons and higher frequency of extreme fire-weather events under various climate scenarios.
	Refs.17-22

	Global
	Fire emissions
	Fire emissions are projected to increase significantly across scenarios and timescales.
	Refs.23-25

	Boreal forest
	Fire weather
	By the 2050s, rising temperatures and increased moisture deficits are expected to enhance fire activity and carbon emissions, with seasonal severity ratings increasing significantly.
	Refs.26,27

	Boreal forest
	Fire emissions
	Fire emissions in boreal forests are projected to increase two- to six-fold under future climate scenario.
	Refs.28-31

	Boreal forest
	Fire conditions
	Fire conditions are projected to worsen significantly under future scenarios, with increased fire severity and greater contributions to fire-related emissions.
	Refs.32-24

	Arctic-Subarcstic
	Burned area
	The burned area in 2085 is approximately 2.6 times greater than that observed in 2020.
	Ref.35

	Amazon forest
	Fire conditions
	By 2071–2100,  fire activity is projected to increase under the optimistic RCP 4.5 scenario the pessimistic RCP 8.5 scenario
	Ref.36

	Amazon forest
	Burned area
	HESFIRE simulations project an 850% rise in annual burned area by 2080–2100 under RCP 8.5, while RCP 4.5 limits it to 165%.
	Ref.37

	Indonesian forest
	Fire risk
	Fire risk is projected to increase significantly under future scenarios, driven by hydrological droughts and extreme events.
	Ref.38,39

	Indonesian forest
	Burned area
	Hydrological droughts expand wildfire burn areas, and with increasing extreme El Niño events predicted, longer dry seasons may further intensify and extend burn areas in the future.
	Ref.40



Supplementary Table 4. Emission factors used in the RESFire modela.
	Speciesb
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a SAVA represents savanna, grassland, and shrubland fires. BORF represents boreal forest fires. TEMF represents temperate forest fires. DEFO represents deforestation fires.  PEAT represents peat fires. AGRI represents agricultural waste burning.
b Units are expressed as grams of species per kilogram dry matter (DM) burned. NOx emissions are represented as NO emissions. Data sources include refs.3,41.
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