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Figure S1: Canada-wide mean summary plots for drivers utilized by the model including a)
mean annual temperature b) mean annual precipitation rate, ¢) atmospheric CO, concentration,
d) average population density, e) average lightning strike rate, and f) average lightning strike rate
broken down by future driver source and SSP. The shaded regions denote one standard error
around the mean for the ensemble of six earth system model projections in “a” and “b” and two
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lightning model projections in “e”.
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Figure S2: a) The contribution of climate trends, lightning trends, CO, fertilization, and
anthropogenic ignition/suppression (population density) to fire CO, emissions normalized from 0
(0% of the trend) to 1 (100% of the trend). As well as the dependence between Fire CO,
emissions and a) b) Canada-wide mean annual temperature, ¢) Canada-wide mean annual
lightning strike frequency, d) Canada-wide mean annual vegetation carbon, e) Canada-wide
mean annual precipitation, and f) Canada-wide mean annual population density. The dependence
plots visualize all 90 future and factorial simulations and include a LOESS smoothed regression
line in red with 95% confidence intervals.



a) Egn. 2 probabhility of fire conditional on moisture b) Eqn. 4 fire extinguishing probability
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c) Egn. 3 fire spread rate downwind
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Figure S3: Contour plots of a) the probability of fire conditional on moisture (P,,; Eqn. 2) as a
function of the fine fuel moisture code (FFMC), b) the fire extinguishing probability (q; Eqn. 4)
as a function of population density (p,), and ¢) the fire spread rates in the downwind direction
(Vg Eqgn. 3) for all burnable boreal plant functional types (PFTs) a function of the initial spread
index (IST) and the build up index (BUI), or in the case of the ratio between brown and green
grass leaf biomass (Tyecn)-
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Figure S4: Comparison between the FWI fire module driven by six Inter-Sectoral Impact Model
Intercomparison Project (ISIMIP) bias-corrected Earth system model outputs, reanalysis climate
(GSWP3-WS5ES5-ERAS), and the mean of the three burned area reference data sets. For the FWI
fire module with ISIMIP drivers burned area = 2.57 + 0.5 Mha (2001 - 2015) and Pearson r =
0.16.



Supplementary tables:

Table S1: Simulations carried out and evaluated herein. The acronyms used herein are detailed
within the methods.

# Type Years 1siMIP dimate fording Atmosphec co,’ population density’ lightning strike frequency’

1 Historical 1850- 2007 Reanslysis [GSWP3-WSES—ERAS) globsl carbon project TRENDY-Hyde CLDN fuse w/ LEODT [cimatolegical lightning before 1988
2 Historical 1850- 2004 GFDL-ESMA I1ZIMP 3R [EIMP 2D CLDN fuse w/ LEECQDT (1926 - 2021 looped before 100E)
3 Historical 1850- 2014 IPSL-CMEA-LR I15IMP 30 EIMP2E CLDN fuse w/ LEODT (19288 - 2021 looped before 154E)
4 Historical 1850- 2014 MP FESMI-2-HR I15IMP 30 EIMP2E CLDN fuse w/ LEODT (19288 - 2021 looped before 154E)
5 Hiztorical 1850- 2004 MR FESMZ-O I5IMP 30 EIMP 2D CLDN fuse wf LIBODT (1288 - 2021 looped before 190E|
& Historical 1850- 2014 UKESMI-0O-LL I15IMP 30 EIMP2E CLDN fuse w/ LEODT (19288 - 2021 looped before 154E)
7 Historical 1850- 2014 CanESMS I15IMP 30 EIMP2E CLDN fuse w/ LIEQDT (1986 - 2021 looped before 158E|
E Future 2015- 2100 GFDL-EShA [S5PR125) I15IMP 30 EIMP2E projected w) UKESML-O-LL

2 Future 2015- 2100 IPEL-CMEA-LR [55P125) I15IMP 30 EIMP2E projected w) UKESML-O-LL

10 Future 2015- 2100 WP -ESMI-2-HR [55R125) I15IMP 30 EIMP2E projected w) UKESML-O-LL

11 Future 2015- 2100 MR -ESM2-0 [55R125) I15IMP 30 EIMP2E projected w) UKESML-O-LL

12 Future 2015- 2100 UKESMI-0O-LL [55P125) I15IMP 30 EIMP2E projected w) UKESML-O-LL

13 Future 2015- 2100 CanEShS [55P 125) I15IMP 30 EIMP2E projected w) UKESML-O-LL

14 Future 2015- 2100 GFDL-EShA [S5P370) 15IMP 30 EIMP2E projected w) UKESML-O-LL

15 Future 2015- 2100 IPEL-CMEA-LR [25P370) 15IMP 30 EIMP2E projected w) UKESML-O-LL

1& Future 2015- 2100 MP -ESML-2-HR [SE5R370) 15IMP 30 EIMP2E projected w) UKESML-O-LL

17 Future 2015- 2100 MR -ESM2-0 [SEP3T0) 15IMP 30 EIMP2E projected w) UKESML-O-LL

18 Future 2015- 2100 UKESMI-0-LL [35P370) 15IMP 3R EIMP2E projected w UKESML-O-LL

12 Future 2015- 2100 CanESMS [55P370) 15IMP 30 EIMP2E projected w) UKESML-O-LL

20 Future 2015- 2100 GFDL-ESh [SSPEES) 15IMP 3R EIMP2E projected w UKESML-O-LL

21 Future 2015- 2100 IPEL-CMSA-LR [S5PEES) 15IMP 3R EIMP2E projected w UKESML-O-LL

22 Futurs 2015- 2100 MP FESMI-2-HR [SSPSES) 15IMP 3R EIMP2E projected w UKESML-O-LL

23 Future 2015- 2100 MR -ESM2-0 [SSPSES) 15IMP 3R EIMP2E projected w UKESML-O-LL

24 Futurs 2015- 2100 UKESMI1-0-LL [S5P5ES) 15IMP 3R EIMP2E projected w UKESML-O-LL

25 Future 2015- 2100 CanESMS [55PSES) I15IMP 3R EIMP2E projected w/ UKESML-O-LL

26 Future 2015- 2100 GFDL-ESh [S5P125) 15IMP 3R EIMP2E projected w/ CanESMS

27 Future 2015- 2100 IPSL-CMSA-LR [55P125) I15IMP 3R EIMP2E projected w/ CanEsSMS

2B Future 2015- 2100 MPFESMI-2-HR [35P125) I15IMP 3R EIMP2E projected w/ CanEsSMS

29 Future 2015- 2100 MR -ESMZ-0 [55P125) I15IMP 3R =EIMP 2D projected w/ CanESMS

30 Future 2015- 2100 UKESMI-0O-LL [55P125) I15IMP 3R EIMP2E projected w/ CanEsSMS

31 Future 2015- 2100 CanESMS [55P 125) I15IMP 3R =EIMP 2D projected w/ CanESMS

32 Future 2015- 2100 GFDL-ESh [S5P370) I15IMP 3R =EIMP 2D projected w/ CanESMS

33 Future 2015- 2100 IPSL-CMSA-LR [E5P370) I15IMP 3R EIMP2E projected w/ CanEsSMS

34 Future 2015- 2100 MP FESMI-2-HR [S5R370) I15IMP 3R =EIMP 2D projected w/ CanESMS

35 Future  2015- 2100 MR FESM2-0 [SSP370) ISIMP 3D SIMF2b projected wyf CanESMS

36 Future 2015- 2100 UKESMI-0-LL [55P370) I1ZIMP 3R [EIMP 2D projected w CanESMS

37 Future  2015- 210D CanESMS [S5P370) ISIMP 3D SIMF2b projected wyf CanESMS

38 Futurne 2015- 2100 GFDL-EShA [ESPEES) I1ZIMP 3R [EIMP 2D projected w CanESMS

32 Future 2015- 2100 IPEL-CMEA-LR [ESPEES) I1ZIMP 3R [EIMP 2D projected w CanESMS

40 Future 2015- 2100 MPFESMI-2-HR [SSPEES) I1ZIMP 3R [EIMP 2D projected w CanESMS

41 Future 2015- 2100 MR -ESM2-0 [SSPEES) I1ZIMP 3R [EIMP 2D projected w CanESMS

42 Future 2015- 2100 UKESh1-0-LL [55P5ES) I15IMP 30 EIMP2E projected w/ CanESMS

43 Future 2015- 2100 Can ESMS [55P5ES) I15IMP 30 EIMP2E projected w/ CanESMS

44 Factorial  2015- 2400 GFDL-EShA [S5R125) ISIMP3b {2004 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)

45 Factorial 2015- 2400 IPSL-CMEA-LR [SER125) ISIMP3b {2004 constant)  5IMP2b (2014 constant) CLDN fuse w)/ LISODT (1986 - 2021 looped)

45 Factorial 2015- 2100 MP-ESMI-2-HR [SEP12E) ISIMP3b {2004 constant)  5IMP2b (2014 constant) CLDN fuse w)/ LISODT (1006 - 2021 looped)

47 Factorial 2015- 2400 MRFESM2-0 [S5P125) ISIMP3b {2004 constant)  5IMP2b (2014 constant) CLDN fuse w)/ LISODT (1986 - 2021 looped)

4E Factorial 2015- 2100 UKESMI-O-LL{SE5P126) ISIMP3b {2004 constant)  5IMP2b (2014 constant) CLDN fuse w)/ LISODT (1006 - 2021 looped)

40 Factorial 2015- 2100 CanESMS [S5p125) ISIMP3b {2004 constant)  5IMP2b (2014 constant) CLDN fuse w)/ LISODT (1006 - 2021 looped)

=0 Factorizl 2015- 2100 GFDL-ESh [SSpi2s) 1SIMP 3k [EIMP2b [ 2014 constant] CLDN fuse w/ LIEODT (1208 - 2021 looped)

51 Factorial 2015- 2100 IPSL-CMEA-LR [Z5PR135) I15IMP 30 EIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)

52 Factorizl 2015- 2100 MPRESMI-2-HR [SSR12E) I15IMP 30 EIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)

53 Factorial 2015- 2100 MRESM2-O[SSP126) 15IMP 30 EIMP2h (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)

54 Factorial 2015- 2100

UKESMI-C-LL [25P 128

15IMP 30

5IMP2b (2014 constant]

CLDN fuse w/ LIEQDT (1226 - 2021 looped)



55 Factorial 2015- 2100 CanESMS [55P125) 15IMP 30 EIMP2h (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
5 Factorial 2015- 2100 GFDL-ESh [SSP125) I1SIMP 3 EIMP 2 CLDN fuse w/ LEQDT (1226 - 2021 looped)
57 Factorial 2015- 2100 IPSL-CMEA-LR [ZEP125) I1SIMP 3 EIMP 2 CLDN fuse w/ LEQDT (1226 - 2021 looped)
EE Factorizl 2015- 2100 MPESMIL-2-HR [SSP12E) I1SIMP 3 EIMP 2 CLDN fuse w/ LEQDT (1226 - 2021 looped)
B2 Factorizl 2015- 2100 MR-ESMZ-O[SSP128) I1SIMP 3 EIMP 2 CLDN fuse w/ LEQDT (1226 - 2021 looped)
80 Factorial 2015- 2100 UKESMI-O-LL[SEP126) I1SIMP 3 EIMP 2 CLDN fuse w/ LEQDT (1226 - 2021 looped)
&1 Factorizl 2015- 2100 CanESMS [55P125) I1SIMP 3 EIMP 2 CLDN fuse w/ LEQDT (1226 - 2021 looped)
52 Factorial 2015- 2100 GFDL-ESh [SSR3T0) I15IMP3b (2004 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1988 - 2021 looped)
§3 Factorial 2015- 2100 IPSL-CMEA-LR [ZER370) I15IMP3b (2004 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1988 - 2021 looped)
84 Factorizl 2015- 2100 MPESMIL-2-HR [SSP3T0) I15IMP 30 (2004 constant)  ISIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
85 Factorial 2015- 2100 MRFESM2-0[SSR3ITO) I15IMP3b (2004 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1988 - 2021 looped)
55 Factorial 2015- 2100 UKESMI-O-LL[SSP3T0) I15IMP3b (2004 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1988 - 2021 looped)
57 Factorial 2015- 2100 CanESMS [55R370) I15IMP3b (2004 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1988 - 2021 looped)
8B Factorial 2015- 2100 GFDL-ESh [SSR3T0) 15IMP 30 EIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
&2 Factorial 2015- 2100 IPSL-CMEA-LR (SR 370) I15IMP 3 5IMP2b (2014 constant) CLDN fuse w/f LISODT (1955 - 2021 looped)
70 Factorial 2015- 2100 MPESMI-2-HR [SSR3IT0) 15IMP 30 EIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
71 Factorial 2015- 2100 MRFESM2-0([SSR3ITO) 15IMP 30 EIMP2b (2014 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
72 Factorial 2015- 2100 UKESMI-0O-LL[SSP3T0) I15IMP 3 5IMP2b (2014 constant) CLDN fuse w/f LISODT (1955 - 2021 looped)
73 Factorial 2015- 2100 CanESMS [55R370) I15IMP 3 5IMP2b (2014 constant) CLDN fuse w/f LISODT (1955 - 2021 looped)
74 Factorial 2015- 2100 GFDL-EShA [SSR370) I15IMP 3 EIMP 2 CLDN fuse w/ LIEOQDT (1888 - 2021 looped)
75 Factorial 2015- 2100 IPSL-CMEA-LR (SR 370) I15IMP 3 EIMP 2 CLDN fuse w/ LIEOQDT (1888 - 2021 looped)
75 Factorial 2015- 2100 MPESMI-2-HR [SSP3IT0) I15IMP 3 EIMP 2 CLDN fuse w/ LIEOQDT (1888 - 2021 looped)
77 Factorial 2015- 2100 MRFESM2-0[SSR3ITO) I15IMP 3 EIMP 2 CLDN fuse w/ LIEOQDT (1888 - 2021 looped)
7E Factorial 2015- 2100 UKESMI-O-LL[SSP370) I15IMP 3 EIMP 2 CLDN fuse w/ LIEOQDT (1888 - 2021 looped)
7% Factorial 2015- 2100 CanEShS [55P370) I15IMP 30 EIMP 2D CLDN fuse w/ LIEQDT (1286 - 2021 looped)
BD Factorial 2015- 2100 GFDL-EShA [SEP5ES) I5IMP 3D (2004 constant)  SIMP2D (2004 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
Bl Factorial 2015- 2100 |PSL-CMGA-LR [S5PSES) I5IMP 3D (2004 constant)  SIMP2D (2004 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
E2 Factorizl 2015- 2100 MPRESMI-2-HR [SSPSES) I15IMP3b (2014 constant)  SIMP2b (2014 constant) CLDN fuse w/ LISODT (1955 - 2021 looped)
E3 Factorial 2015- 2100 MR ESME-0 [SSP5ES) I5IMP 3D (2004 constant)  SIMP2D (2004 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
B4 Factorial 2015- 2100 UKESMI-0-LL [ S5P5ES) I5IMP 3D (2004 constant)  SIMP2D (2004 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
ES Factorial 2015- 2100 CanEShS [ 55P5ES) I5IMP 3D (2004 constant)  SIMP2D (2004 constant) CLDN fuse w/ LISODT (1986 - 2021 looped)
BE& Factorial 2015- 2100 GFDL-ESh [S5P5ES) 15IMP 30 5IMP2h [ 2014 constant) CLDN fuse w/ LISODT (1998 - 2021 looped)
ET Factorial 2015- 2100 |IPSL-CMEA-LR [55PSES) 15IMP 30 5IMP2h [ 2014 constant) CLDN fuse w/ LISODT (1998 - 2021 looped)
EE Factorial 2015- 2100 MPESMI-2-HR [55P5E5) I15IMP 30 EIMP 20 [ 2014 constant) CLDN fuse wf LEEODT (1988 - 2021 looped)
E% Factorial 2015- 2100 MR FESME-0 [SSP5ES) I15IMP 30 EIMP 20 [ 2014 constant) CLDN fuse wf LEEODT (1988 - 2021 looped)
o0 Factorial 2015- 2100 UKESMI-O-LL [ S5P5ES) 15IMP 30 5IMP2h [ 2014 constant) CLDN fuse w/ LISODT (1998 - 2021 looped)
%1 Factorial 2015- 2100 CanEshS [55P 5E5) 15IMP 30 5IMP2h [ 2014 constant) CLDN fuse w/ LISODT (1998 - 2021 looped)
%2 Factorial 2015- 2100 GFDL-ESh [S5P5ES) 15IMP 30 EIMP 2D CLDN fuse w/ LIBODT (1925 - 2021 looped)
%3 Factorial 2015- 2100 |IPSL-CMMGA-LR [S5PSES) I15IMP 31 EIMP 2D CLDN fuse w/ LIBODT (1935 - 2021 looped)
o4 Factorial 2015- 2100 MFFESMI-2-HR [55F53E5) 15IMP 30 EIMP 2D CLDN fuse w/ LIBODT (1925 - 2021 looped)
%5 Factorial 2015- 2100 MR -ESME-0 [SSP5ES) 15IMP 30 EIMP 2D CLDN fuse w/ LIBODT (1925 - 2021 looped)
o5 Factorial 2015- 2100 UKESMI-O-LL [ S5P5ES) 15IMP 30 EIMP 2D CLDN fuse w/ LIBODT (1925 - 2021 looped)
o7 Factorial 2015- 2100 CanESMS [55PSES) 15IMP 31 EIMP 2l CLDN fuse w/ LISODT (1986 - 2021 looped)

'For details of the GSWP3-WS5E5-ERAS5 forcing see Meyer et al.' and Curasi et al.>*, and for
details of the ISIMIP climate forcings see Lange and Buchner®.

?For details of the global carbon project atmospheric CO, concentrations see Friedlingstein et
al.’, and for details of the ISIMIP3b atmospheric CO, concentrations see Buchner and Reyer®.
*For details of the TRENDY-Hyde population density data see Chini et al.” and Friedlingstein et
al.”, and for details of the ISIMIP2b population density see Klein Goldewijk et al.* and Jones and
O'Neill’.

*For details of the CLDN, LISOTD, UKESM, and CanESMS5 lightning datasets see Burrows and
Kochtubajda'?, Cecil et al.", Kaplan et al.'?, and Whaley et al."* respectively.
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https://paperpile.com/c/L4mQFN/XgiCj

Table S2: Canada wide Pearson correlations for mean annual values of atmospheric drivers that
influence the fire weather index (FWI), during the historical period (1985 - 2014), based upon
reanalysis (GSWP3-WS5E5-ERAS).

Variable Specifichumidity Wind speed Temperature
Specific humidity _

Wind speed -0.45 _

Temperature 0.91 -0.47 _
Precipitation 0.31 0.25 0.24

Table S3: Fire emission fractions (v) for various classifications of PFTs used to calculate carbon
emissions to the atmosphere due to fire for each live vegetation component (i.e. both structural
and non-structural leaves, stems, and roots), the litter pool, and the soil pool. As well as the
PFT-specific mortality fractions (©) used to calculate the quantity of carbon from each live
vegetation component transferred to the litter pool. Trees PFTs include Needleleaf evergreen,
Needleleaf deciduous, Continental needleleaf evergreen, Interior needleleaf evergreen, Broadleaf
evergreen, Broadleaf cold deciduous, and Broadleaf drought/dry deciduous trees. Herbaceous
PFTs include C3 grass, C4 grass, and Sedge PFTs. Shrub PFTs include Broadleaf evergreen and
Broadleaf deciduous shrubs (See Curasi et al.? for further details). Crop PFTs are not impacted
by fire and therefore not assigned fractions.

green leaves brown leaves stenms roots litter soil
PFT type combusted (ul) litter (L) combusted (uB) litter (©B) combusted (uS) litter (85) combusted (UR) litter (BR) combusted (uD) combusted (US)
Tree 0.42 020 - - 0.12 0.60 0.00 0.10 030 0.030
Herbaceous 0.48 0.10 054 0.06 0.00 0.00 0.00 025 042 0.042
Shub 0.42 020 - - 0.12 0.60 0.00 0.10 036 0.036
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