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Supplemental methods:
Creating climate and soil regions for the 90m resolution:
To create the climate ecoregions, a 30m DEM from the USGS was used to derive aspect in ArcGIS.  The DEM was then subset into four elevation classes, every 600m starting around 200 m.a.s.l. up to the highest point around 2500 m.a.s.l.  The aspect map was divided into four quadrants, 0 to 90 (N to E), 91-180 (E to S), 181-270 (S to W), and 271-360 (W to N).  The combine rasters function in ArcGIS was used to create the product of those elevation and aspect, and the eliminate function was used again to meet a minimum polygon size, which resulted in 16 initial climate regions.  Additional soil ecoregions were constructed beyond those used in the 270m model.  Soil characteristics were obtained from the SSURGO database available through the Web Soil Survey (https://websoilsurvey.nrcs.usda.gov/; accessed February 2018).  The following physical characteristics of the soil were incorporated into the model, including: percent sand, clay and silt; soil depth; field capacity and wilt point among others.  More than 20 soil families were present in Marble Mountain Wilderness, but only the 12 largest families were used to create the soil ecoregions for this analysis; related soil families were consolidated and the smallest areas were merged into larger via the eliminate function in ArcGIS.  The soil and climate ecoregions were then merged, which resulted in 133 ecoregions total.  By accident, the 133 ecoregion shapefile was uploaded to the USGS geodata portal as the basis for downloading climate data.
  Supplemental Tables:
Table S1. LANDIS-II general species parameters
	Species
	Long-evity  1-6
	Sexual maturity 1-3, 5, 7
	Shade tolerance 1, 3
	Fire tolerance 2
	Seed dispersal distance
	Vegetative reproduction probability 1-2, 5
	Sprout age
	Post-fire regener-ation  1-2
	Funct-ional Type
	N Fixer
	GDD Min 10
	GDD Max 10

	
	
	
	
	
	Effective 1-3, 8-9
	Max         1-3, 9
	
	Min 2,5
	Max 1-2
	
	
	
	
	

	Units:
	Years
	Years
	Unitless
1min – 5 max
	Unitless
1min – 5 max
	meters
	meters
	%
	Years
	Years
	
	Links to Table 11
	
	# of degree days 
	

	ABGRC
	500
	35
	3
	3
	30
	500
	0
	0
	0
	none
	7
	N
	500
	2450

	APBRSH
	650
	40
	3
	3
	30
	500
	0
	0
	0
	none
	6
	N
	550
	1900

	ARME
	350
	5
	3
	2
	200
	800
	0.8
	4
	300
	resprout
	4
	N
	900
	3700

	CADE27
	650
	30
	3
	5
	30
	2000
	0
	0
	0
	none
	2
	N
	1150
	3550

	CHCH7
	250
	40
	3
	3
	100
	800
	0.8
	2
	200
	resprout
	4
	N
	950
	2950

	FX_Resp-Deciduous
	250
	2
	2
	1
	30
	500
	0.75
	5
	200
	resprout
	5
	Y
	300
	5000

	FX_Seed-Deciduous
	250
	2
	2
	1
	30
	800
	0
	0
	200
	none
	5
	Y
	300
	5000

	FX_Seed-Evergreen
	250
	2
	2
	1
	30
	800
	0
	0
	200
	none
	5
	Y
	300
	5000

	LIDE3
	250
	3
	4
	3
	100
	400
	0.8
	2
	200
	resprout
	3
	N
	1250
	3150

	NoFX_Resp-Deciduous
	250
	2
	2
	1
	30
	550
	0.85
	5
	200
	resprout
	5
	N
	300
	5000

	NoFX_Resp-Evergreen
	250
	2
	2
	1
	30
	550
	0.85
	5
	200
	resprout
	5
	N
	300
	5000

	NoFX_Seed-Deciduous
	250
	2
	2
	1
	30
	1000
	0
	0
	200
	none
	5
	N
	300
	5000

	NoFX_Seed-Evergreen
	250
	2
	2
	1
	30
	1000
	0
	0
	200
	none
	5
	N
	300
	5000

	PILA
	750
	20
	3
	4
	30
	400
	0
	0
	700
	none
	2
	N
	1050
	3300

	PIMO3
	600
	18
	3
	4
	30
	800
	0
	0
	550
	none
	1
	N
	155
	1220

	PIPO
	850
	25
	4
	4
	50
	300
	0
	0
	800
	none
	2
	N
	500
	5500

	PSME
	650
	15
	3
	3
	140
	2000
	0
	0
	600
	none
	2
	N
	300
	4750

	QUCH2
	250
	20
	3
	2
	30
	1000
	0.95
	1
	200
	resprout
	4
	N
	900
	3050

	QUGA4
	350
	40
	2
	2
	100
	400
	0.8
	3
	300
	resprout
	4
	N
	900
	3050

	QUKE
	300
	30
	3
	2
	100
	400
	0.9
	3
	250
	resprout
	4
	N
	1250
	3850


Table S1. LANDIS-II general species parameters (continued)
	Species
	Min January Temp 10
	Drought Toler-ance
	Leaf Long-evity 11-13
	Epi-cormic Re-sprout 14
	ANPP (g m-2) 15, 16
	Maximum biomass (g m-2) 15, 16
	Lignin Content 17-23
	C:N Ratio 17-19, 22, 24-37

	
	
	
	
	
	
	
	Leaf
	Fine Root
	Wood
	Coarse Root
	Leaf
	Fine Root
	Wood
	Coarse Root
	Litter

	Units:
	degrees C
	% (affects establish-ment success)
	Years
	
	aboveground NPP
	Max cohort biomass
	%
	%
	%
	%
	ratio of carbon to nitrogen by pool
	
	
	
	

	ABGRC
	-9
	0.7
	6
	N
	200
	60000
	0.25
	0.22
	0.28
	0.32
	42
	27
	400
	80
	77

	APBRSH
	-5
	0.5
	5
	N
	200
	60000
	0.24
	0.22
	0.28
	0.32
	50
	26
	400
	80
	80

	ARME
	1
	0.8
	1
	N
	350
	50000
	0.18
	0.22
	0.28
	0.32
	25
	30
	400
	80
	100

	CADE27
	-2
	0.7
	5
	N
	200
	30000
	0.24
	0.26
	0.28
	0.32
	50
	48
	400
	80
	80

	CHCH7
	-1
	0.7
	3
	N
	350
	40000
	0.18
	0.22
	0.28
	0.32
	25
	30
	400
	80
	100

	FX_Resp-Deciduous
	-10
	0.99
	1
	N
	550
	2000
	0.25
	0.2
	0.25
	0.25
	20
	30
	80
	222
	50

	FX_Seed-Deciduous
	-10
	0.99
	1
	Y
	550
	2000
	0.25
	0.2
	0.25
	0.25
	20
	28
	80
	222
	50

	FX_Seed-Evergreen
	-10
	0.99
	5
	N
	550
	2000
	0.25
	0.2
	0.25
	0.25
	59
	59
	80
	222
	100

	LIDE3
	2
	0.9
	1
	Y
	550
	60000
	0.18
	0.22
	0.28
	0.32
	27
	30
	400
	80
	33

	NoFX_Resp-Deciduous
	-10
	0.97
	1
	N
	550
	2000
	0.25
	0.2
	0.25
	0.25
	59
	59
	80
	222
	100

	NoFX_Resp-Evergreen
	-10
	0.97
	5
	N
	550
	2000
	0.25
	0.2
	0.25
	0.25
	59
	59
	80
	222
	100

	NoFX_Seed-Deciduous
	-10
	0.97
	1
	N
	550
	2000
	0.25
	0.2
	0.25
	0.25
	59
	59
	80
	222
	100

	NoFX_Seed-Evergreen
	-10
	0.97
	5
	N
	550
	2000
	0.25
	0.2
	0.25
	0.25
	59
	59
	80
	222
	100

	PILA
	-2
	0.7
	5
	N
	175
	40000
	0.24
	0.25
	0.28
	0.32
	50
	38
	400
	80
	75

	PIMO3
	-18
	0.82
	7
	N
	250
	10000
	0.31
	0.2
	0.25
	0.25
	37
	37
	500
	80
	100

	PIPO
	-9
	0.9
	5
	N
	175
	40000
	0.24
	0.23
	0.28
	0.32
	50
	47
	400
	80
	75

	PSME
	-12
	0.7
	6
	N
	275
	100000
	0.24
	0.3
	0.28
	0.32
	42
	36
	400
	80
	77

	QUCH2
	0
	0.9
	1
	Y
	500
	60000
	0.18
	0.22
	0.28
	0.32
	27
	30
	400
	80
	33

	QUGA4
	0
	0.9
	1
	Y
	550
	30000
	0.18
	0.22
	0.28
	0.32
	27
	30
	400
	80
	33

	QUKE
	-1
	0.9
	1
	Y
	550
	60000
	0.18
	0.22
	0.28
	0.32
	27
	30
	400
	80
	33


1 Burns & Honkala 1990
2 Innes 2013
3 Tree Species Compendium
4 Dale et al., 1986
5 Niemiec et al., 1995
6 Franklin & Waring 1980
7 Harrington et al., 2006
8 Beach & Halpern 2001
9 Bonner & Karrfalt 2008
10 Thompson et al 2000a,b
11 Balster & Marshall 2000
12 Harlow et al., 2005
13 Hudiburg et al., 2013
14 Innes 2013
15 Hudiburg et al., 2009
16 Loudermilk et al., 2013
17 NERC 2013
18 Chen et al., 2001
19 Chen et al., 2002
20 Entry et al., 1992
21 Lewis 1950
22 Scheller et al., 2011
23 Schowalter & Morrell 2002
24 Cross & Perakis 2011
25 Debell & Radwan 1984
26 Edmonds 1980
27 Hobbie et al., 2006
28 Keenan et al., 1996
29 Pardo et al., 2005
30 Perakis et al., 2006
31 Pierce et al., 1994
32 Prescott et al., 2000
33 Prescott & Preston 1994
34 Scott et al., 2008
35 Thomas & Prescott 2000
36 Valachovic et al., 2004
37 Yang et al., 2010


Table S2. LANDIS-II functional group parameters
	Group Name
	Index
	PPDF1 T-Mean
	PPDF2 T-Max
	PPDF3 T-shape
	PPDF4 T-shape
	FC-FRAC Leaf
	BTO-LAI
	K-LAI
	MAX-LAI
	PPR-
PTS2
	PPR-PTS3
	Woody Decay Rate
	Monthly Wood Mortality
	Age Mort Shape
	Leaf Month Drop
	C-root Frac
	F-root Frac

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Links to Table 10
	Temperature growth curve shape parameters
	% of ANPP that goes to leaves
	Links LAI to leaf biomass
	Links wood to LAI
	Max 
LAI achievable
	Precipitation growth curve shape parameters
	Background mortality
	Determines age related mortality
	
	
	% of ANPP to  coarse/fine roots

	Conifers mesic
	1
	15
	32
	0.7
	6
	0.3
	-0.8
	33000
	12
	0.7
	0.6
	0.11
	0.0001
	15
	9
	0.3
	0.76

	Conifers dry
	2
	20
	40
	0.8
	4.8
	0.3
	-0.8
	22000
	8
	0.6
	0.6
	0.11
	0.00019
	15
	9
	0.3
	0.76

	Hard-wood dry
	4
	20
	40
	0.6
	6.4
	0.32
	-0.8
	22000
	8
	0.7
	0.7
	0.11
	0.0001
	15
	9
	0.3
	0.76

	Shrub
	5
	18
	45
	0.9
	6.4
	0.3
	-0.8
	4000
	4
	0.5
	0.6
	0.11
	0.0001
	15
	9
	0.3
	0.76

	Fir mesic
	6
	15
	32
	0.7
	6
	0.3
	-0.8
	25000
	15
	0.9
	0.8
	0.11
	0.00014
	15
	9
	0.3
	0.76


1 Burns & Honkala 1990
2 Innes 2013
3 Tree Species Compendium
4 Dale et al., 1986
5 Niemiec et al., 1995
6 Franklin & Waring 1980
7 Harrington et al., 2006
8 Beach & Halpern 2001
9 Lewis 1985
10 Law et al., 2004






Table S3. LANDIS-II Dynamic Fire and Fuels (DFFS) fuel type parameters
	Description
	a
	b
	c
	q
	Mean 
BUI
	CBH
(m)
	Characteristic species

	Description
	Fire spread rate parameters

	Weather derived Build-up-index
	Crown Base Height in meters
	

	Conifer
	110
	0.0282
	1.5
	0.5
	62
	1
	young mixed conifer

	Conifer
	110
	0.0282
	1.5
	0.7
	64
	2
	mid-aged mixed conifer

	Conifer
	110
	0.0282
	1.5
	0.7
	64
	4
	old mixed conifer

	Conifer
	110
	0.0282
	1.5
	0.5
	62
	1
	young pine

	Conifer
	72
	0.05
	3.5
	0.7
	62
	2
	mid-aged pine

	Conifer
	72
	0.05
	3.5
	0.7
	62
	5
	old pine

	Deciduous
	14
	0.12376
	2.827
	0.9
	32
	1
	young deciduous

	Deciduous
	14
	0.12376
	2.827
	0.9
	32
	2
	old deciduous

	Deciduous
	14
	0.12376
	2.827
	0.9
	75
	2
	oak

	Conifer
	110
	0.0282
	1.5
	0.7
	64
	1
	all evergreen shrubs

	Conifer
	110
	0.0282
	1.5
	0.7
	64
	1
	all [deciduous] shrubs

	Open
	250
	0.035
	1.7
	1
	1
	0
	late summer, fall dry grass





Table S4.  Analysis of variance comparing model resolution and climate projection.  Resolution indicates whether model had 270m or 90m cells
	Model: Mean area (in ha) ~ Model Resolution
	
	

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	Resolution
	1
	8.92E+09
	8.92E+09
	33.04
	2.24E-08

	Residuals
	298
	8.04E+10
	2.70E+08
	
	

	
	
	
	
	
	

	Model: Mean area (in ha) ~ Resolution + Climate Projection

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	Resolution
	1
	8.92E+09
	8.92E+09
	32.84
	2.48E-08

	Climate Projections
	4
	6.01E+08
	1.50E+08
	0.55
	0.6964

	Residuals
	294
	7.98E+10
	2.71E+08
	
	

	
	
	
	
	
	

	Model: ABCO (in ha) ~ Resolution + Climate

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	Resolution
	1
	1.2318e+10
	1.2318e+10
	70.3844
	4.832e-13

	Climate Projections
	4
	6.8331e+08
	1.7083e+08
	0.9761
	0.4245

	Residuals
	94
	1.6452e+10
	1.7502e+08
	
	

	
	
	
	
	
	

	Model: ABPR (in ha) ~ Resolution + Climate

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	Resolution
	1
	1616425349
	1616425349
	36.768
	2.756e-08

	Climate Projections
	4
	105348839
	26337210
	0.5991
	0.6642

	Residuals
	94
	4132503064
	43962799
	
	

	
	
	
	
	
	

	Model: PIMO3 (in ha) ~ Resolution + Climate

	
	Df
	Sum Sq
	Mean Sq
	F value
	Pr(>F)

	Resolution
	1
	152448854
	152448854
	25.5453
	2.123e-06

	Climate Projections
	4
	74957397
	18739349
	3.1401
	0.01801

	Residuals
	94
	560972602
	5967794
	
	






Supplemental Figures:
Figure S1.  Modeled versus measured biomass (in grams per square meter) by ecoregion.  Measured biomass is converted from the carbon estimated by Wilson et al. 2013.  Orange line shows one-to-one line.  Blue dotted line shows line of best fit



Figure S2.  Mean aboveground biomass (in grams per square meter) by species for the MMW landscape, LANDIS vs. GNN.  Error bars represent +/- one standard deviation.



Figure S3.  Comparison of the climate and soil regions across the landscape between 270m and 90m models
[image: ]



Figure S4. Climate projections for the study area, the four projections were chosen to bracket the range of temperature increases and precipitation change.  Figure calculated based on mean values across entire period (1950-2010 for Maurer, 2010-2100 for projections).  In the manuscript, warmer refers to MIROC5 rcp 2.6 (+1°C over contemporary climate) and CNRM rcp 4.5 (+2°C).  Hotter refers to ACCESS rcp 8.5 and CanESM rcp 8.5 (+2.5°C and +3°C, respectively).  Wetter refers to the 10-14% increase in average daily precipitation over Contemporary found with CNRM and CanESM.  Drier refers to the 5% reduction in precipitation.[image: ]
[image: ][image: ][image: ]



Figure S5.  Measured versus modeled distribution of fire size by percentiles.  All available years (1984-2015) for MTBS were used.  Years 1985-2017 were used from the CalFire data



Figure S6. Calculated fire rotation period, averaged across model replicates by climate projection



Figure S7.  Correlation of matrix of potential predictor variables at the ecoregion level for regression.  Precipitation (Precip), Mean annual max temperature (Max_temp), Mean ecoregion elevation (MEAN_elev), Majority aspect of ecoregion (MAJ_asp), and Available water capacity (soil_moisture_range) were the final variables chosen.  Darker blue means increasing positive correlation, red means increasing negative correlation, and the cross indicates correlation not significant at the 95% level
[image: ]





Figure S8. a) Average annual probability of establishment per species-age cohort.  b) Area occupied by age group (in hectares) for all species through time.  Old age group includes trees over 200 years old.  Regen age group includes trees between 0 and 20 years old[image: ]


Figure S9.  Sensitivity to percent area occupied by the three species on tripling the distance of effective and maximum seed dispersal distance within the model.  BAU indicates the current parameterized distance.  EXT indicates a tripling of distance, where effective seed distance is 90m, and maximum distance is >1500m.  Only two replicates of the model were run for the extended dispersal distance
[image: ]



Figure S10.  Area occupied by species by resolution for all climate projections.
[image: ]


[bookmark: _GoBack]Figure S11.  Diagnostic plots of Bayesian spatial probit regression. (a) Contains the trace plots for all variables.  (b) Contains the autocorrelation function for the draws along the Markov chain.  (c) Contains the posterior distribution of variables
(a) [image: ](b) [image: ](c) [image: ]
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Distribution of fire sizes, measured versus modeled
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Fire rotation period by climate projection 
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Biomass by ecoregion comparison
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Modeled (grams per square meter, average of six replicates)



Mean aboveground biomass (in g/m^2)

LANDIS	6121	3466	2697	6121	3466	2697	ABGRC	ABPRSH	PIMO3	9818	8094	2195	GNN	8776	5304	1506	8776	5304	1506	ABGRC	ABPRSH	PIMO3	6737	4241	1702	Species


Aboveground biomass (grams per square meter)
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