Assessing fuel treatments and burn severity using global and local analyses
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Supplementary material 
LiDAR metrics description 
Forest metrics considered in this study included canopy cover, mean canopy height, canopy base height, standard deviation canopy height, and canopy rumple (Parker et al. 2004). 
We also computed LiDAR-derived individuals, clumps, and openings metrics (LICO) to quantify individual trees (1-tree clump canopy), tree clumps (1-tree clump canopy, 2-to-4-tree clump canopy, 5-to-9-tree clump canopy, 10-plus-tree clump canopy), and openings (canopy core gap) (Churchill et al. 2016). LICO metrics representing individual trees and tree clumps correspond to the percentage of the canopy area in each 30-m pixel, in clumps of different sizes; openings correspond to the percentage of the area at least 6 m from the nearest canopy. This measure indicates the presence of very large gaps.
Topographic metrics included aspect, elevation, curvature, plan curvature, profile curvature, slope (moving windows: 15 m, 45 m, 135 m, 270 m), solar radiation index (SRI), and topographic position index (TPI; moving windows: 200 m, 500 m, 1000 m, 2000 m, 4000 m). We computed these metrics using post-fire LiDAR data given its greater extent compared to pre-fire LiDAR data. For instance, to calculate topographic position index with a 4000-m moving window, a 4000-m radius in all directions was required with respect to each pixel within the study area (as delimited by the pre-fire LiDAR footprint). Methods used to calculate forest and topographic LiDAR-derived metrics are detailed in the FUSION/LDV manual (McGaughey 2020).
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[bookmark: _heading=h.gjdgxs]Tables 
[bookmark: _heading=h.30j0zll]Table S1: Comprehensive list of rasterized predictors included in the initial data frame. All topographic variables were calculated applying 15-, 45-, 135-, 270-m windows, except for topographic position index which was calculated applying 200-, 500-, 1000-, 2000-, 4000-m windows. The reduced list of predictors used in the analysis are shown with a *.
	Predictors
	Resolution (m)
	Unit
	Source/software

	Management 
	
	
	

	Broadcast burning *
	10
	unitless
	TNC; IFTDSS 

	Mechanical thinning *
	10
	unitless
	TNC; IFTDSS

	Firefighting *
	10
	unitless
	Survey

	Forest structure 
	
	
	

	Canopy cover *
	30
	%
	FUSION

	Mean canopy height
	30
	m
	FUSION

	Canopy base height
	30
	m
	FUSION

	Dominant canopy height 
	30
	m
	FUSION

	Standard deviation canopy height 
	30
	m
	FUSION

	Canopy rumple *
	30
	unitless
	FUSION

	LICO metrics
	
	
	

	Canopy core gap
	30
	%
	NA

	1-tree clump canopy
	30
	%
	NA

	2to4-tree clump canopy
	30
	%
	NA

	5to9-tree clump canopy
	30
	%
	NA

	10plus-tree clump canopy
	30
	%
	NA

	Topography
	
	
	

	Aspect *
	15
	degrees AZ 
	FUSION

	Elevation 
	15
	m
	FUSION

	Curvature
	15
	unitless
	FUSION

	Plan curvature 
	15
	unitless
	FUSION

	Profile curvature
	15
	unitless
	FUSION

	Slope *
	15
	degrees
	FUSION

	Solar radiation index *
	15
	unitless
	FUSION

	Topographic position index *
	15
	unitless
	FUSION

	Weather 
	
	
	

	Energy release component
	4 km
	NFDRS fire danger index
	(Abatzoglou 2013); NIROPS

	Fuel moisture (100 and 1000 h)
	4 km
	%
	Abatzoglou 2013; NIROPS

	Vapor pressure deficit 
	4 km
	%
	Abatzoglou 2013; NIROPS

	Maximum temperature *
	4 km
	Kelvin
	Abatzoglou 2013; NIROPS

	Minimum relative humidity
	4 km
	%
	Abatzoglou 2013; NIROPS

	Maximum wind speed
	90 m
	mph
	WindNinja

	Eastwestness maximum wind speed 
	90 m
	sine transformed radians
	WindNinja

	Northsouthness maximum wind speed *
	90 m
	cosine transformed radians
	WindNinja

	Climate       
	
	
	

	Actual Evapotranspiration 1981-2010 *
	90
	mm
	(Cansler et al. 2022) (Appendix B)

	Water deficit 1981-2010
	90
	mm
	Cansler et al. 2022 (Appendix B)

	Hargreaves climatic moisture deficit 1991-2020
	90
	mm
	(Wang et al. 2016)

	Mean annual precipitation 1991-2020
	90
	mm
	Wang et al. 2016

	May-September precipitation 1991-2020
	90
	mm
	Wang et al. 2016

	Precipitation as snow 1991-2020
	90
	mm
	Wang et al. 2016

	Snow cover frequency *
	500
	%
	(Crumley et al. 2020)

	Snow disappearance date 
	500
	Julian days
	Crumley et al. 2020

	Vegetation
	
	
	

	Fire Resistance Score 
	250
	unitless
	(Stevens et al. 2020)
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[bookmark: _heading=h.3znysh7]Fig. S1: Unit 8 (highlighted, see Fig. 1) as captured by NAIP 2020 in true color (TC), NAIP 2020 in false color (FS; NIR band in the red channel), NAIP 2022 in TC, and NAIP 2022 in FS. This figure shows how vegetation cover before the broadcast burning (Rx) treatment conducted in 2021 did not visibly change compared to vegetation cover after the 2021 Bootleg Fire (South-Central Oregon, US). This indicates that both the Rx and the Bootleg Fire burned at very low severity in unit 8.
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[bookmark: _heading=h.2et92p0]Fig. S2: A) Random Forests model performance represented by a scatterplot of observed vs. predicted Bootleg-RBR (Relativized Burn Ratio) values against a 1:1 fit line (red dotted line), and B) Moran’s I plot representing residuals’ spatial autocorrelation.  
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[bookmark: _heading=h.tyjcwt]Fig. S3: A) Topographic position index (TPI-4km) distribution by treatment type; on the y-axis, 0 indicates flatter terrains, and negative values indicate valleys, while positive values indicate hilltops and ridges. B) Climatic moisture deficit (CMD) distribution by treatment type (thinning = Tx, broadcast burning = Rx; Tx followed by Rx = TxRx); values on the y-axis indicate increasing moisture deficit. C) Relationship between CMD and TPI-4km (correlation = -0.8); the scatterplot showsTPI-4km values on the x-axis and CMD values on the y-axis. D) Evaporative stress index (ESI) distribution by treatment type; on the y-axis, lower ESI values indicate higher water stress, while higher ESI values indicate lower water stress. 
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[bookmark: _heading=h.3dy6vkm]Fig. S4: Pre-Bootleg, 2018 LiDAR-derived forest metrics by treatment type (thinning = Tx, broadcast burning = Rx; Tx followed by Rx = TxRx). The dataset includes only observations with at least 10% canopy cover. LiDAR was collected in 2018. 
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Fig. S5: Bootleg-RBR (relativized burn ratio) distributions for individual units treated with (A) broadcast burning (Rx), (B) thinning followed by broadcast burning  (TxRx), (C) thinning (Tx), (D) and untreated forests. Low (≤135) and moderate (136-300) burn severity thresholds are shown with solid and dotted black lines, respectively.  
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Fig. S6: Map of the 2021 Bootleg-Fire burn severity and fuel treatments conducted by TNC extending beyond our study area. Only treatments within our study area were considered in our analysis (see Fig. 1).
image2.jpg
Predicted RBR

400 4

200 4

T
0 250

Observed RBR

T
500

Moran's |

1.041B
0.54
AT B i S S A e e o
0.5
1.0
T T T ! i
0 250 500 750 1000

Distance (lag 90m)




image3.png
|A| 80004

40004

04

TPI_4km

-4000 4

il

Untreated

Tx

X

TxRx

640 =

600 o

T
-4000

|B] 660

640 4

CMD

620 4

600 4

il

T
Untreated Tx x TxRx
@ 0.74
0.6
7]
w
0.54
0.44 1
Untreated x TxRx





image4.png
Value

Canopy cover Canopy rumple Mean canopy height
- 1 e | 301
80
604 4
o 20
40
104
24
204
Individual tree clump % 2-4-tree clump % 5-9-tree clump
100 100 100
75+ 75+ 754
504 504 504
25+ 25+ 25
04 04 04
% core gap % 10-plus-tree clump Canopy base height
60+ 254
754
204
404
504 154
20+ . 10+
54
0.‘ A — 0 1 A
Canopy dominant height SD canopy height
40
30+ 104
204
5 -
104
0

Treatments
Untreated
Tx
Rx
TxRx




image5.jpg
600

-3004

134
RX unit

T T T T T T T T T T T T T
6 7 8 91011131416232426333438

6004 C

4001

15 35 36

Tx unit

37 44

RBR

-2501

-5001

—r T T
17 18 19 20 21 22 28 29 30 31 32 39 40 41 42
TxRx unit

43
Untreated forest




image6.jpg
£ ;’;‘ T

o

Study area

Beyond-study-area fuel
treatments

[ 1]





image1.jpg
FC

NAIP 2022 -

e

LR

£





