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The Supplementary Material is divided into eight sections. Section 1 gives an overview of previous work linking climate modes and wildfire in the contiguous US. Section 2 evidences the insufficiency of reanalysis data to derive climate mode/wildfire relationships. Section 3 provides maps of the ensemble mean and spread as well as regions referred to in this study. Section 4 provides an evaluation of the performance of the bias correction for the KNMI-LENTIS ensemble. Section 5 provides an assessment of the representation of climate modes in the KNMI-LENTIS ensemble. Section 6 provides additional figures showing the areal effect of individual climate models in the recent climate ensemble. Section 7 provides the ensemble correlations between ENSO, the IOD and TNA+1 indices in the recent and +2°C climate ensembles. Section 8 gives maps of the effect of climate modes on key predictors of wildfire occurrence. Section 9 provides information of the effects of climate models on the probability distribution of annual wildfire numbers in different regions in the recent ensemble climate. Section 10 illustrates the effect of climate modes on the wildfire seasonal length and peak timing in the recent ensemble climate. Section 11 provides additional material on the areal extent and magnitude of the impact of climate modes in the +2°C ensemble. 
The Supplementary contains the following figures and tables:
Table 1.1 Overview of previous studies of the relationships between wildfire and climate modes
Figure 2.1 The association between reanalysis (1990-2019) annual wildfires and climate modes to 0.05 FDR-corrected significance. 
Figure 2.2 The association between reanalysis (1990-2019) annual wildfires and climate modes to any level of significance.
Figure 2.3 The association between observed (FPA FOD) (1992-2019) annual wildfires and climate modes to 0.05 FDR-corrected significance.
Figure 2.4 The association between observed (FPA FOD) (1992-2019) annual wildfires and climate modes to any level significance.
Figure 2.5 Box plots of randomly selected mean annual wildfires compared to the effect seen in the large ensemble.
Figure 3.1 Maps of mean observed wildfire occurrences (FPA FOD), mean reanalysis modelled occurrences, and the mean and spread of annual wildfire occurrences in the ensemble recent and future climate.
Figure 3.2 The regions referred to in this study, both ecoregions and GACC admin regions.
Table 4.1 Performance statistics of input variables into wildfire occurrence model. R2 statistics comparing reanalysis data to the bias corrected and downscaled KNMI-LENTIS data input into the wildfire occurrence model, for the top four statistical moments.
Figure 5.1 The SST effect associated with the Atlantic Multidecadal Oscillation (AMO).
Figure 5.2 The SST effect associated with the Tropical South Atlantic (TSA).
Figure 5.3 The SST effect associated with the Tropical North Atlantic (TNA).
Figure 5.4 The PSL effect associated with the Southern Annular Mode (SAM).
Figure 5.5 The PSL effect associated with the Pacific/North American (PNA) Oscillation.
Figure 5.6 The SST effect associated with the Pacific Decadal Oscillation (PDO).
Figure 5.7 The SST effect associated with the North Atlantic Oscillation (NAO).
Figure 5.8 The SST effect associated with the Indian Ocean Dipole (IOD).
Figure 5.9 The SST effect associated with El Niño Southern Oscillation (ENSO).
Figure 5.10 The PSL effect associated with the East Atlantic (EA) Oscillation.
Figure 5.11 The PSL effect associated with the Arctic Oscillation (AO).
Figure 5.12 The effect of all investigated modes on annual precipitation over the contiguous US.
Figure 5.13 The AMO index calculated from the 16 transient runs (1950-2100) from which the 160 time-slice ensemble members are derived.
Figure 5.14 The PDO index calculated from the 16 transient runs (1950-2100) from which the 160 time-slice ensemble members are derived.
Figure 5.15 The distribution of the mode values in the recent and future climates, with K-S test p-values comparing the distributions between time-slices given.
Figure 5.16 The SST effect associated with El Niño Southern Oscillation (ENSO) in the recent and future climates for comparison.
Figure 6.1 Scatterplots showing the relationship between ENSO and IOD, and ENSO and TNA+1 in the recent and +2°C climates
Figure 6.2 Scatterplots of annual temperature and precipitation in the contiguous US against the climate mode index values.
Figure 7.1 The area of effect of each mode to a 5-sigma significance threshold.
Figure 7.2 The seasonally discrete area of significant influence of each mode.
Figure 7.3 The geospatial effect on the annual number of fires of all modes not given in Figure 2.
Figure 8.1 The effect of climate modes on annual precipitation over the contiguous US in the recent climate.
Figure 8.2 The effect of climate modes on annual vapour pressure deficit over the contiguous US in the recent climate.
Figure 8.3 The effect of climate modes on annual gross primary productivity over the contiguous US in the recent climate.
Figure 8.4 The effect of climate modes on annual precipitation over the contiguous US in the +2°C climate.
Figure 8.5 The effect of climate modes on annual vapour pressure deficit over the contiguous US in the +2°C climate.
Figure 8.6 The effect of climate modes on annual gross primary productivity over the contiguous US in the +2°C climate.
Figure 9.1 The effect of the positive and negative phases of the AMO+1 on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.2 The effect of the positive and negative phases of the TSA on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.3 The effect of the positive and negative phases of the TNA+1 on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.4 The effect of the positive and negative phases of the PNA on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.5 The effect of the positive and negative phases of the PDO+1 on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.6 The effect of the positive and negative phases of the NAO on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.7 The effect of the positive and negative phases of the IOD on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 9.8 The effect of the positive and negative phases of the ENSO on the annual wildfire distributions in each of the US Geographic Area Coordination Centres.
Figure 10.1 The effect of the positive and negative phases of ENSO on the length and peak timing of the fire season over the contiguous US.
Figure 10.2 The effect of the positive and negative phases of IOD on the length and peak timing of the fire season over the contiguous US.
Figure 10.3 The effect of the positive and negative phases of TNA+1 on the length and peak timing of the fire season over the contiguous US.
Figure 10.4 The effect of the positive and negative phases of PDO+1 on the length and peak timing of the fire season over the contiguous US.
Figure 10.5 The effect of the positive and negative phases of TSA on the length and peak timing of the fire season over the contiguous US.
Figure 10.6 The effect of the positive and negative phases of NAO on the length and peak timing of the fire season over the contiguous US.
Figure 10.7 The effect of the positive and negative phases of AMO+1 on the length and peak timing of the fire season over the contiguous US.
Figure 10.8 The effect of the positive and negative phases of PNA on the length and peak timing of the fire season over the contiguous US.
Table 11.1 The changing areas of the contiguous US affected by each mode with a future +2°C warming.
Figure 11.1 The geospatial effect of the AMO+1 on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.2 The geospatial effect of the TNA+1 on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.3 The geospatial effect of the TSA on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.4 The geospatial effect of the PNA on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.5 The geospatial effect of the PDO+1 on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.6 The geospatial effect of the NAO on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.7 The geospatial effect of the IOD on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.8 The geospatial effect of the ENSO on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.9 The geospatial effect of the AO on the annual number of wildfire occurrences in the recent and +2°C time-slices, with the strengthening or weakening effect of the mode (relative to the mean rate of wildfire occurrence) with +2°C climate change also shown.
Figure 11.10 Comparative effect of La Niña years versus +2°C global warming on wildfire occurrence likelihood.

Supplementary Section 1: Overview of Previous Studies
Most previous studies on the association between climate modes and wildfire in the contiguous US have focussed on site-based or regional reconstructions of the wildfire record from tree ring fire-scars. These can provide analyses covering multiple decades to centuries, but necessarily only focus on a limited spatial extent. State wildfire records and remote sensing have also been used. These cover a larger and more continuous area, but cover a shorter study period where the effects of a given climate mode may be much more uncertain.
Acronyms: ENSO (El Niño Southern Oscillation), AMO (Atlantic Multidecadal Oscillation), PDO (Pacific Decadal Oscillation), SOI (Southern Oscillation Index), NAO (North Atlantic Oscillation), PDSI (Palmer Drought Severity Index), MEI (Multivariate ENSO Index), NOAA (National Oceanic and Atmospheric Administration), NCAR (National Center for Atmospheric Research), NCEP (National Centers for Environmental Prediction), PNA (Pacific/North American).
Supplementary Table 1.1: Overview of previous studies of the relationships between wildfire and climate modes for the contiguous US.
	Reference
	Study Extent
	Study Period
	Mode Source
	Data Source
	Wildfire Property

	Ascoli et al. (2020)
	Alaska, Yukon, Alberta, Quebec. (7, 8, 15, 7 sites)
	1957–2016, 1987–2016, 1951–2016, 1989–2014
	ENSO and AMO from ocean temperatures.
	Correlation of picea glauca masting chronologies with burnt area
	Burnt area

	Westerling & Swetnam (2003)
	Continental United States (number of trees and number of sites not stated)
	1701–1978, 1916–1978
	ENSO and PDO reconstructed (tree-ring) and modern (observed)
	Fire scars 
	Fire occurrence

	Hessl et al. (2004)
	Central and Eastern Washington State (5 sites, 1701 trees)
	1700-1990
	ENSO and PDO from tree rings
	
	

	Heyerdahl et al. (2002)
	Eastern Oregon and Washington States (4 sites, 3659 trees)
	1687–1994
	ENSO from SOI (modern) and tree rings (historical)
	
	

	Heyerdahl et al. (2008)
	Interior Oregon and Washington States and Southern British Columbia Province (15 sites, 3720 trees)
	1651–1900
	ENSO and PDO from tree rings
	
	

	Johnston et al. (2017)
	East Oregon (13 sites, 189–201 trees)
	1650–1900
	ENSO and PDO from published reconstructions (tree rings and reanalysis meteorology)
	
	

	Kipfmueller et al. (2012)
	Pacific Northwest (Oregon, Washington, Idaho, Montana, Wyoming), Central Rockies (Colorado Wyoming), Southwest (Colorado, New Mexico, Arizona) (128 sites)
	1700–1900
	ENSO and PDO from tree rings
	
	

	Kitzberger et al. (2007)
	Sierra Madre Occidental, Arizona, Southern New Mexico, Northern New Mexico, Southern Colorado, Northern Colorado, Black Hills (South Dakota), Sierra Nevada (California), Blue Mountains (Oregon, Washington Southern British Columbia, Canada) (238 sites, 4760 trees)
	1550–1924
	ENSO, PDO and AMO from tree rings
	
	

	Le Goff et al. (2007)
	Waswanipi (Quebec) (46 trees, 31 sites)
	1720–2000
	PDO, NAO, AMO from tree rings, post-reformation European weather data
	
	

	Margolis & Swetnam (2013)
	Southwestern US (Utah, Colorado, Arizona, New Mexico) (n trees not stated, 16 sites)
 
	1700-1904 (and 1905-1978 for PDSI)
	ENSO, PDO and AMO from tree rings
	
	

	Moody et al. (2006)
	Plumas National Forest (California) (144 trees, 4 sites)
	1454–2001
	ENSO and PDO from tree rings
	
	

	Norm & Taylor (2003)
	Lassen National Forest (California) (112 trees, 8 sites)
	1700–1849
	ENSO and PDO, from pre-1900 tree rings
	
	

	Schoennagel et al. (2005)
	Jasper National Park (Northern Rockies), Yellowstone National Park (Central Rockies), Rocky Mountain National Park (Southern Rockies) (1694 trees, 3 study areas)
	1700– 1975
	ENSO and PDO tree ring reconstructions
	
	

	Sibold & Veblen (2006)
	Rocky Mountain National Park (Colorado) (6152 trees, 487 sites)
	1650–1978
	ENSO, PDO and AMO tree ring reconstructions
	
	

	Trouet et al. (2010)
	Pacific Northwest, Northern California, Interior West, Southwest (2980 trees, 350 sites)

	1441–1910, 1400–1861, 1281–1974, 1403–1859
	ENSO tree ring reconstruction
	
	

	Kitzberger et al. (2001)
	Southwestern United States (Arizona and New Mexico) (63 sites, 933 trees)
	1914–1987
	ENSO from tree rings
	Fire scars and US federal burnt area records
	Fire occurrence and burnt area

	Swetnam & Betancourt (1998)
	Arizona, New Mexico, Sonora (>900 trees, 63 sites)
	1700–1900, 
1920–1978
	ENSO reconstruction (provenance unknown)
	
	

	Swetnam & Betancourt (1990)
	Arizona, New Mexico (n trees not stated, 28 sites)
	1700–1905, 1905–1985
	ENSO tree ring reconstruction
	
	

	Barbero et al. (2015)
	Northwestern Ecoregions (Northern Rockies, Canadian Rockies, Middle Rockies, Idaho Batholith, Northern Basin and Range, Central Basin and Range, and Snake River Plain)
	1984–2012
	ENSO from reanalysis (MEI)
	National/ state fire records
	Very large fires

	Dixon et al. (2008)
	Mississippi State
	1990–2006
	ENSO, NAO, PNA, PDO NOAA modes
	
	Fire occurrence and size

	Simard et al. (1985)
	Continental United States
	1926–1978
	Strong ENSO years from 9 common indicators
	
	Fire occurrence and burnt area

	Cardil et al. (2021)
	Southern Coastal California Ecoregion
	1953–2018
	NOAA modes
	
	Burnt area

	Goodrick & Hanley (2009)
	Florida State
	1981–2003
	PNA and NAO from NOAA
	
	

	Fauria & Johnson (2008)
	Canada
	1918–2005
	ENSO, PDO, AO from NCAR/NOAA
	
	

	Cardil et al. (2023)
	Global
	1982–2018
	NOAA modes
	Remote sensing
	Burnt area

	Justino et al. (2022)
	North of 40°N
	2001–2020
	AO and PNA from reanalysis
	
	Fire occurrence

	Mason et al. (2017)
	Continental US
	1979–2015
	Derived from NCEP NARR
	Reanalysis risk index
	Fire danger



Supplementary Section 2: Viability of Reanalysis to Find Mode Effects
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Supplementary Figure 2.1: the association between the reanalysis fire model and key climate modes where there is an FDR-corrected statistical significance level of 0.05. The sign and magnitude of the relationship is given by the ratio between the annual number of wildfires in the positive (upper panels) or negative (lower panels) phase – defined as beyond plus or minus half a standard deviation from the mean respectively. The effect of each mode is shown relative to the mean annual number of wildfires – to account for any non-linearity in the effect between phases that would not be captured by linear regression.
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Supplementary Figure 2.2: the association between the reanalysis fire model and key climate modes with no level of statistical significance prescribed. The sign and magnitude of the relationship is given by the ratio between the annual number of wildfires in the positive (upper panels) or negative (lower panels) phase – defined as beyond plus or minus half a standard deviation from the mean respectively. The effect of each mode is shown relative to the mean annual number of wildfires – to account for any non-linearity in the effect between phases that would not be captured by linear regression.
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Supplementary Figure 2.3: the association between the FPA FOD fire occurrence data and key climate modes to an FDR-corrected significance of 0.05. The sign and magnitude of the relationship is given by the ratio between the annual number of wildfires in the positive (upper panels) or negative (lower panels) phase – defined as beyond plus or minus half a standard deviation from the mean respectively. The effect of each mode is shown relative to the mean annual number of wildfires – to account for any non-linearity in the effect between phases that would not be captured by linear regression. Note that the FPA FOD starts at 1992, hence the curtailed time period.
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Supplementary Figure 2.4: the association between the FPA FOD fire occurrence data and key climate modes when no significance level is considered. High levels of noise and areas with insufficient data mean that a trend cannot be identified. The sign and magnitude of the relationship is given by the ratio between the annual number of wildfires in the positive (upper panels) or negative (lower panels) phase – defined as beyond plus or minus half a standard deviation from the mean respectively. The effect of each mode is shown relative to the mean annual number of wildfires – to account for any non-linearity in the effect between phases that would not be captured by linear regression. Note that the FPA FOD starts at 1992, hence the curtailed time period.
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Supplementary Figure 2.5: The distribution of the modelled annual number of wildfires for the recent climate ensemble under different mode phases compared to the distribution of all years, per Shen et al. (2025). The dots show the actual mean value of modelled annual fires. The boxplots show the distribution of the mean number of annual fires, drawn from the distribution of years but with the same sample size as the number of years in that phase in the reanalysis period – repeated 10,000 times. The outer limits of the boxplots represent the 2.5th and 97.5th percentiles, and the three internal lines correspond to the 25th, 50th and 75th percentiles of the bootstrapped distribution.

Supplementary Section 3: Context on Regions and Climate Change Signal
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Supplementary Figure 3.1: Reproduced from Keeping et al. (2025). Modelled and observed patterns in the annual number of wildfires greater than 0.1 hectares, with both the mean and 1st-99th percentile spread shown. The plots show (a) the observed annual mean of the wildfire occurrence record for 1992–2020; (b) the modelled reanalysis mean for 1990–2019; (c) the modelled ensemble mean for the modern (2000–2009 climate); (d) the modelled ensemble spread for the modern; (e) the ratio of model spread and mean for the ensemble modern; (f) the +2°C ensemble mean (2000–2009 climate plus 2°C of warming); (g) the +2°C ensemble spread; and (h) the ratio of model spread and mean for the +2°C ensemble. Note that the FPA FOD starts at 1992, hence the slightly curtailed time period.
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Supplementary Figure 3.2: an overview of (a) the ecoregions and (b) the National Interagency Fire Center Geographic Area Coordination Center (NIFC GACC) regions referred to in this study.

Supplementary Section 4: Bias Correction Performance
Supplementary Table 4.1: KNMI-LENTIS bias correction performance statistics in comparison to ERA5 data for input into fire occurrence model. Based on correlation of top four moments for data aggregated monthly at 2π * ensemble resolution. The variables are mean daily surface windspeed (sfcwind); daytime mean vapour pressure deficit (vpd); diurnal temperature range (dtr); precipitation (pr); prior 5-day precipitation (pr_5d); prior 50-day GPP (GPP_50d); prior year GPP (GPP_1yr).
	R2 
	sfcwind
	vpd
	dtr
	snc
	pr
	pr_5d
	GPP_50d
	GPP_1yr

	Mean
	0.922
	0.987
	0.983
	0.994
	0.985
	0.985
	0.881
	0.773

	Variance
	0.567
	0.812
	0.684
	0.409
	0.726
	0.771
	<0
	<0

	Skewness
	0.073
	<0
	0.741
	0.098
	0.110
	0.307
	<0
	0.531

	Kurtosis
	0.020
	<0
	0.052
	<0
	<0
	<0
	<0
	0.266




Supplementary Section 5: Global Climate Mode Representation in KNMI-LENTIS
Supplementary Figures 5.1-5.11 show that the Sea Level Pressure (SLP) and Sea Surface Temperature (SST) phenomena (specified in each figure caption) associated with each global climate mode are all adequately represented in the KNMI-LENTIS ensemble. The Atlantic Multidecadal Oscillation (AMO) shows the characteristic AMO+ warm pool in the northern Atlantic, with the correct region of highest anomaly off the Greenland coast. The Tropical South Atlantic (TSA) shows the characteristic TSA+ warm sea surface temperatures below West Africa, spreading in effect to the Caribbean Sea. The Tropical North Atlantic (TSA) shows the expected TNA+ warm band in the northern tropics, with cool effects towards the equator and in the extratropical west Atlantic. The Southern Annular Mode (SAM) shows the expected low pressure system over Antarctica associated with the SAM+. The Pacific/North American (PNA) oscillations strongly shows the expected PNA+ low in the northeastern Pacific; but does not show clearly the expected western US high and eastern US low – though the associated arctic high in the PNA+ is present. The Pacific Decadal Oscillation (PDO) shows the expected cool sea surface temperature jet off the west coast of Japan, and the pooling of warmer water against West North America. The North Atlantic Oscillation (NAO) shows the expected sea surface temperature quadrupole with warmer sea surface temperatures of the eastern US and in Northern Europe, and cooler sea surface temperatures off Greenland and West Africa. The Indian Ocean Dipole (IOD) shows the expected gradient of cool to warm sea surface temperatures from the west to east Indian Ocean in the negative mode. El Niño Southern Oscillation (ENSO) shows the expected warm jet along the equator in El Niño (SOI-) with cooler sea surface temperature pools north and south of it in the west and central Pacific. The East Atlantic (EA) oscillation shows the northern pressure low and southern pressure high in the Atlantic associated with the EA+. The Arctic Oscillation (AO) shows the expected low pressure system over the Arctic associated with the AO+.
The effect of each global climate mode (Supplementary Figure 5.12) on precipitation patterns over the contiguous US in the recent climate ensemble is consistent with expectations. For ENSO, wetter conditions are expected during La Niña in the northwestern and inland East US, and during El Niño in the southern latitudes of the US (Ropelewski and Halpert, 1987). These features are all well represented in the ensemble. For the IOD, precipitation conditions are expected to be highly correlated to ENSO, with limited independent influence (Hu et al., 2023). This is matched in the ensemble, with the IOD showing highly similar patterns to ENSO but with a lesser overall magnitude of effect. For the PDO, southwestern precipitation is associated with a strong increase in the positive phase (Dai, 2013), in other regions the effect is limited for the annually averaged index (Kumar et al., 2013). This is well represented in the ensemble. For the TNA, the association with precipitation, like the IOD, is confounded by its close association with ENSO (Kushnir et al., 2010). The association with ENSO is matched in the ensemble, with the precipitation pattern a weakened version of that observed under ENSO. The TSA is not association with US precipitation. In the ensemble it has a minor negative effect in the central US. For the NAO, higher winter precipitation can result from a positive phase in the eastern US (Ning and Bradley, 2014), but this effect is dominated by ENSO (Tang et al., 2023; Ning and Bradley, 2014) whilst in the southwestern US conditions are wetter in the negative phase including when controlling for ENSO (Tang et al., 2023). In the ensemble this southwestern effect is well-represented, whilst the eastern effect is not, this can be explained by the dominant effect of ENSO on precipitation in the region. For the AMO, a decrease on contiguous US precipitation is associated with the positive phase, though this effect is patchy over the region (Hu et al., 2011). No clear effect is apparent in the ensemble data, possible due to the index signal not being smoothed over a decadal timescale. For the PNA, the positive phase is associated with elevated rainfall in the great Plains and East coast and reduced rainfall in the northwestern US (Leathers et al., 1991). In the ensemble, the East coast and Great Plains effects are seen, but there is an additional stronger effect in the southwestern US as well as no effect in the northwest; this can be explained by correlation (Soulard et al., 2019) between the positive PNA and El Niño. For the AO, high precipitation totals are expected over the central US (Hu and Feng, 2010). This effect is well represented in the ensemble, but an additional effect is present in the southwestern US; this can be explained by correlation (Simpkins, 2021) between the AO and NAO. The EA is not associated with an effect on US meteorology, but has been linked to a modulation of the NAO (Rodrigo, 2021). The ensemble shows limited diverging effect on precipitation between its phases. The SAM is not associated with a direct impact on US meteorology. The ensemble shows a minor positive effect for the central US. Overall, the major effects on precipitation are well-represented in the ensemble, although confounding effects from correlation and modulating-effects between modes can render the signal hard to attribute.
The transient, continuous runs of the two multidecadal modes both show clear decadal or longer time-period oscillations (Supplementary Figures 5.13-5.14). The amplitude of multidecadal oscillations in the AMO is comparable to the amplitude of sub-decadal oscillations, meaning that a clear multidecadal signal emerges in the annual index values considered in this study. On the other hand, the sub-decadal timescale oscillations in the PDO are significantly greater than the multidecadal oscillations, meaning that a multidecadal effect does not emerge and sub-decadal oscillations dominate as the key effect in this study.
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Supplementary Figure 5.1: The sea surface temperature pattern of the Atlantic Multidecadal Oscillation (AMO) in the recent climate ensemble, showing the characteristic AMO+ warm pool in the northern Atlantic, with the correct region of highest anomaly off the Greenland coast.
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Supplementary Figure 5.2: The sea surface temperature pattern of the Tropical South Atlantic (TSA) in the recent climate ensemble, showing the characteristic TSA+ warm sea surface temperatures below West Africa, spreading in effect to the Caribbean Sea.
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Supplementary Figure 5.3: The sea surface temperature pattern of the Tropical North Atlantic (TNA) in the recent climate ensemble, the TNA+ warm band in the northern tropics, with cool effects towards the equator and in the extratropical west Atlantic.

[image: A blue and orange circle with black lines and a red line

AI-generated content may be incorrect.]
Supplementary Figure 5.4: The sea-level pressure pattern of the Southern Annular Mode (SAM) in the recent climate ensemble, showing the expected low pressure system over Antarctica associated with the SAM+.
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Supplementary Figure 5.5: The sea-level pressure pattern of the Pacific/North America (PNA) in the recent climate ensemble, showing strongly the expected PNA+ low in the northeastern Pacific. Does not show clearly the expected western US high and eastern US low, though the associated arctic high in the PNA+ is present.
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Supplementary Figure 5.6: The sea surface temperature pattern of the Pacific Decadal Oscillation (PDO) in the recent climate ensemble, showing the expected cool sea surface temperature jet off the west coast of Japan, and the pooling of warmer water against West North America.


[image: A map of the world

AI-generated content may be incorrect.]
Supplementary Figure 5.7: The sea surface temperature pattern of the North Atlantic Oscillation (NAO) in the recent climate ensemble, showing the expected sea surface temperature quadrupole with warmer sea surface temperatures of the eastern US and in Northern Europe, and cooler sea surface temperatures off Greenland and West Africa.
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Supplementary Figure 5.8: The sea surface temperature pattern of the Indian Ocean Dipole (IOD) in the recent climate ensemble, showing the expected gradient of cool to warm sea surface temperatures from the west to east Indian Ocean in the negative mode.

[image: A map of the north pole

AI-generated content may be incorrect.]
Supplementary Figure 5.9: The sea surface temperature pattern of El Niño Southern Oscillation (ENSO) in the recent climate ensemble, this shows the expected warm jet along the equator in El Niño (SOI-) with cooler sea surface temperature pools north and south of it in the west and central Pacific.
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Supplementary Figure 5.10: The sea-level pressure pattern of the East Atlantic (EA) in the recent climate ensemble, showing a northern pressure low and southern pressure high in the Atlantic associated with the EA+.
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Supplementary Figure 5.11: The sea-level pressure pattern of the Arctic Oscillation (AO) in the recent climate ensemble, showing the expected low pressure system over the Arctic associated with the AO+.
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Supplementary Figure 5.12: The effect of the phase of each climate mode (greater or lesser than half of a standard deviation from zero) on annual precipitation totals relative to the mean rate.
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Supplementary Figure 5.13: The 16 transient runs of the AMO index from which the 160 ensemble members for each time-slice are derived. The thin line shows the annual timeseries and the thicker, under-filled line shows the decadally smoothed, centered average.
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Supplementary Figure 5.14: The 16 transient runs of the PDO index from which the 160 ensemble members for each time-slice are derived. The thin line shows the annual timeseries and the thicker, under-filled line shows the decadally smoothed, centered average.

[image: A diagram of a normal distribution

AI-generated content may be incorrect.]
Supplementary Figure 5.15: Distributions, with K-S test p-values for difference in distribution in both periods. There are small but statistically significant shifts in the ENSO, IOD and TNA distributions.
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Supplementary Figure 5.16: The sea surface temperature pattern of El Niño Southern Oscillation (ENSO) in the recent (left) and future (right) time slice of the climate ensemble. 


Supplementary Section 6: Correlations Between ENSO, IOD and TNA+1
The El Niño Southern Oscillation (ENSO) is correlated with the Indian Ocean Dipole (IOD) and Tropical North Atlantic (TNA) in the ensemble. The below scatter plots given an overview of that relationship in the ensemble recent and +2°C climates, the TNA+1 is correlated to ENSO, whilst the IOD is more strongly anti-correlated. Both modes become more strongly correlated with future warming. 
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Supplementary Figure 6.1: Scatterplots showing relationship between ENSO, IOD and TNA. Each datapoint is one annual value. Reanalysis data overlaid with crosses.
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Supplementary Figure 6.2: Scatterplots of annual temperature and precipitation averaged over CONUS against climate mode values for the ensemble 2000-2009 climate. Each datapoint is one annual value. Reanalysis values are overlayed as crosses for the period 1990-2019.


Supplementary Section 7: Areal Effect of Climate Modes in Recent Climate
This section shows (Supplementary Figure 7.1) the area of positive, negative and insignificant effect of each mode to a much high threshold of significance – finding that La Niña, the negative Indian Ocean Dipole (IOD), and positive 1-year lagged Tropical North Atlantic all persist as strongly associated with wildfire occurrence. The areal effect of each mode is also broken down by meteorological season (Supplementary Figure 7.2), with modes having the greatest area of significant effect on relative change in wildfire occurrence during summer (June to August, JJA) except for the Pacific Decadal Oscillation (December to February, DJF) and Tropical South Atlantic oscillation (March to May, MAM). Maps showing the area and magnitude of the effect for each mode not shown in the main text (Figure 4) are presented in Supplementary Figure 7.3, the major effects are the Pacific Decadal Oscillation, Tropical North Atlantic, and 1-year lagged El Niño Southern Oscillation.
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Supplementary Figure 7.1: The area of significant effect for each climate mode over the contiguous US, to an extremely strict FDR-corrected significance threshold of 5.7 x 10-7 (equivalent to 5-sigma)
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Supplementary Figure 7.2: The seasonal (DJF, MAM, JJA, SON) areas of significant effect for each climate mode over the contiguous US. Significance was determined by the p-value of the linear regression between the climate mode’s index value and the seasonal number of fires in each 0.1° grid-cell, to an FDR-corrected significance threshold of 0.01. The slope of the regression determined the sign of the relationship between annual fires and the index.
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Supplementary Figure 7.3: For all modes not shown in figure 4, showing locations for which linear regression determined a significant relationship between the annual number of fires and the climate mode’s index; the ratio between the annual number of fires in the positive and negative phases of each mode relative to the mean annual number of fires.

Supplementary Section 8: Effect of Climate Modes on Wildfire Drivers
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Supplementary Figure 8.1: the relative influence of climate modes on annual precipitation in the recent climate for the large ensemble.
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Supplementary Figure 8.2: the relative influence of climate modes on annual VPD in the recent climate for the large ensemble.
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Supplementary Figure 8.3: the relative influence of climate modes on annual GPP in the recent climate for the large ensemble.
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Supplementary Figure 8.4: the relative influence of climate modes on annual precipitation in the +2°C climate for the large ensemble.
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Supplementary Figure 8.5: the relative influence of climate modes on annual VPD in the +2°C climate for the large ensemble.
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Supplementary Figure 8.6: the relative influence of climate modes on annual GPP in the +2°C climate for the large ensemble.

Supplementary Section 9: Regional probability distribution functions of Annual Wildfires Given Climate Mode Phase
This section shows the difference in the positive and negative phase distributions for all wildfire administrative fire regions in the US (Geographic Area Coordination Centres) – for the AMO+1, TSA, TNA+1, PNA, PDO+1, NAO, IOD, and ENSO. In some regions, the mode’s effect is to spread the distribution further in the wildfire prone phase, such as in Southern California or the Southwest, whilst in others the mode’s effect is solely on the distribution centre, such as in Northern California or the Great Basin. The strongest effects on the distribution are that of ENSO, the TNA+1 and IOD, whilst the AMO+1, PDO+1, and PNA also have significant regional effects. Western regions show a greater response in the distribution than ecoregions, although this could be partially explained by their small extent.
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AI-generated content may be incorrect.] Supplementary Figure 9.1: the effect of Atlantic Multidecadal Oscillation (AMO) on US wildfire distributions regionally.
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Supplementary Figure 9.2: the effect of Tropical South Atlantic (TSA) on US wildfire distributions regionally.
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Supplementary Figure 9.3: the effect of 1-year lagged Tropical North Atlantic (TNA+1) on US wildfire distributions regionally.
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AI-generated content may be incorrect.] Supplementary Figure 9.4: the effect of Pacific/North American (PNA) on US wildfire distributions regionally.
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Supplementary Figure 9.5: the effect of 1-year lagged Pacific Decadal Oscillation (PDO+1) on US wildfire distributions regionally.
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AI-generated content may be incorrect.] Supplementary Figure 9.6: the effect of North Atlantic Oscillation (NAO) on US wildfire distributions regionally.
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AI-generated content may be incorrect.] Supplementary Figure 9.7: the effect of Indian Ocean Dipole (IOD) on US wildfire distributions regionally.
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AI-generated content may be incorrect.] Supplementary Figure 9.8: the effect of El Niño Southern Oscillation (ENSO) on US wildfire distributions regionally.


Supplementary Section 10: Wildfire Season Length and Peak Timing Given Climate Mode Phase
El Niño shows a strong effect on the seasonal timing, resulting in an earlier fire season peak east of the Great Plains and a later fire season peak west of the Great Plains and in the southwestern US. The reverse of this effect is apparent in La Niña years, but is not as strong in its difference from the mean. This El Niño like effect on the fire season is also apparent in the negative 1-year lagged Tropical North Atlantic (TNA+1), the positive Indian Ocean Dipole (IOD), and the negative 1-year lagged Pacific Decadal Oscillation (PDO+1) in order of decreasing strength. The negative Pacific/North American and positive North Atlantic Oscillation are also associated with a half-month earlier peak in the Californian fire season. The effect on the length of the fire season corresponds to the areas where the modes are most associated with an increase in the number of wildfires (Figure 4). This signal is strongest for the increasing effect under La Niña in the southwestern US, the Great Plains, and southern Florida, an effect also visible in the IOD and TNA+1.
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AI-generated content may be incorrect.] Supplementary Figure 10.1: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of El Niño Southern Oscillation (ENSO) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of ENSO on the season length in months.
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AI-generated content may be incorrect.] Supplementary Figure 10.2: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the Indian Ocean Dipole (IOD) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of IOD on the season length in months.
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AI-generated content may be incorrect.] Supplementary Figure 10.3: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the 1-year lagged Tropical North Atlantic (TNA+1) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of TNA+1 on the season length in months.
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Supplementary Figure 10.4: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the 1-year lagged Pacific Decadal Oscillation (PDO+1) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of PDO+1 on the season length in months.
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AI-generated content may be incorrect.] Supplementary Figure 10.5: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the Tropical South Atlantic (TSA) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of TSA on the season length in months.
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AI-generated content may be incorrect.] Supplementary Figure 10.6: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the North Atlantic Oscillation (NAO) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of NAO on the season length in months.
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AI-generated content may be incorrect.] Supplementary Figure 10.7: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the 1-year lagged Atlantic Multidecadal Oscillation (AMO+1) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of AMO+1 on the season length in months.
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AI-generated content may be incorrect.] Supplementary Figure 10.8: top row; the average seasonal phase across all locations with sufficiently high seasonal concentration (over 0.15), and the effect of the phase of the Pacific/North American (PNA) on the timing of the seasonal peak in months. Bottom row; the length of the fire season in months (calculated as the number of months over the mean annual half-maximum) and the effect of the phase of PNA on the season length in months.

Supplementary Section 11: Effect of Future Climate Change on Wildfire’s Relationship with Global Climate Modes
Supplementary Table 11.1 gives the numerical values corresponding the Figure 9 in the main text, showing the change in the areal effect of modes from the recent to +2°C climates.
Maps are then shown for the relative change in the number of wildfires for the recent and +2°C ensemble climates where the effect is significant to p<0.001; the strengthening of the effect in the regions where the relationships is significant in both climates (as shown in Figure 10) is also shown for context. In addition to the strengthening effects described in Section 3.3 of the main text, these maps show significant changes in the patterns of influence of some modes. The 1-year lagged Atlantic Multidecadal Oscillation (AMO+1) shows a very strong increase in its area and strength of effect on wildfire occurrence, covering much of the eastern US in the +2°C scenario. The Pacific/North American (PNA) and Arctic Oscillation (AO) also increase significantly in their area of effect, covering much of the central US in the +2°C climate; whilst the Tropical South Atlantic (TSA) declines to having almost no influential area.

Supplementary Table 11.1: Percentage of contiguous US area significantly affected by each mode in the +2°C period.  Three asterisks indicate a changed area over 30%, two asterisks indicate a changed area over 10%, one asterisk indicates a changed area over 5%.
	
	Was Insignificant
	Was Positive
	Was Negative

	
	N/A
	+
	-
	N/A
	+
	-
	N/A
	+
	-

	Same Year
	ENSO
	3.6
	5.0
	0.2
	2.0
	88.9
	0.0
	0.1
	0.0
	0.2

	
	IOD
	3.6
	0.4
	*5.8
	0.0
	0.1
	0.0
	1.0
	0.0
	89.0

	
	PDO
	57.9
	2.4
	3.1
	**17.7
	16.4
	1.3
	0.7
	0.0
	0.5

	
	TNA
	19.5
	*8.8
	**25.5
	0.1
	0.6
	0.0
	*6.3
	0.0
	39.3

	
	TSA
	47.5
	0.0
	0.0
	***52.2
	0.0
	0.0
	0.3
	0.0
	0.0

	
	NAO
	53.7
	*7.8
	4.4
	**14.7
	19.4
	0.0
	0.0
	0.0
	0.0

	
	PNA
	30.0
	0.1
	***43.6
	0.0
	0.0
	0.0
	2.6
	0.0
	23.7

	
	AO
	61.5
	**28.8
	0.0
	1.9
	7.8
	0.0
	0.0
	0.0
	0.0

	
	AMO
	79.8
	**17.1
	3.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	SAM
	100.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	EA
	100.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Lagged
	ENSO
	22.6
	2.4
	**29.0
	0.3
	1.0
	0.8
	*8.5
	0.0
	35.5

	
	IOD
	62.8
	**12.4
	*7.5
	0.1
	3.7
	0.0
	**12.5
	0.4
	0.7

	
	PDO
	20.9
	*5.8
	0.0
	*7.0
	66.3
	0.0
	0.0
	0.0
	0.0

	
	TNA
	8.5
	*5.5
	0.0
	1.0
	84.7
	0.0
	0.3
	0.0
	0.0

	
	TSA
	66.3
	*6.7
	0.0
	**13.9
	13.1
	0.0
	0.0
	0.0
	0.0

	
	NAO
	44.6
	0.0
	**22.7
	0.2
	0.0
	0.0
	*5.1
	0.0
	27.4

	
	PNA
	79.5
	**10.6
	0.0
	4.2
	5.7
	0.0
	0.0
	0.0
	0.0

	
	AO
	97.3
	0.0
	0.0
	0.0
	0.0
	0.0
	2.7
	0.0
	0.0

	
	AMO
	18.0
	***34.5
	0.0
	*5.8
	41.5
	0.0
	0.1
	0.0
	0.0

	
	SAM
	95.1
	0.0
	0.0
	4.9
	0.0
	0.0
	0.0
	0.0
	0.0

	
	EA
	100.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
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Supplementary Figure 11.1: A comparison of the significant areas of effect of the 1-year lagged Atlantic Multidecadal Oscillation (AMO+1) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.2: A comparison of the significant areas of effect of the Tropical South Atlantic (TSA) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.3: A comparison of the significant areas of effect of the 1-year lagged Tropical North Atlantic (TNA+1) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.4: A comparison of the significant areas of effect of the Pacific/North American (PNA) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.5: A comparison of the significant areas of effect of the 1-year lagged Pacific Decadal Oscillation (PDO+1) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.6: A comparison of the significant areas of effect of the North Atlantic Oscillation (NAO) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.7: A comparison of the significant areas of effect of the Indian Ocean Dipole (IOD) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.8: A comparison of the significant areas of effect of El Niño Southern Oscillation (ENSO) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.9: A comparison of the significant areas of effect of the Arctic Oscillation (AO) in the recent and +2°C time periods, with the ratio of the overlapping significant areas of effect shown in the right-hand column.
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Supplementary Figure 11.10: The magnitude of internal variability in annual fire occurrences due to a climate mode state (La Niña) relative to the mean number of fires in the recent and +2°C warmer climates in comparison to the difference between the recent and future climates. Left: the difference between the average annual number of wildfires in La Niña years and across all years in the recent (2000-2009) climate. Centre: the difference between the average annual number of wildfires in La Niña years and across all years in the +2°C warmer climate. Right: the difference between the average annual number of wildfires across all years in the recent (2000-2009) and future (+2°C warmer) climates.
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