[bookmark: _heading=h.gjdgxs]Appendix A: Institutional Complexity Data and Methods
[bookmark: _heading=h.30j0zll]Sample Frame
This dataset reflects the population of Type 1 and Type 2 wildfire incidents from 1999-2020 as identified in Federal 209 Incident Reports. We identified relevant wildfire incidents using St. Denis et al’s (2023) All Hazards Dataset which compiles Federal 209 data into incident level summaries.   Federal 209 reports are daily reports required of all Type 1 and 2 incidents and are submitted by the assigned incident management team.  The unit of analysis is a discrete incident.  We included incidents if they contained at least one 209 record as a Type 1 or 2 incident.  Wildfire complexes were included as a single unique incident rather than separated by their component fire perimeters.   This sampling strategy resulted in a population level dataset of 3,974 Type 1 or 2 wildfires.   However, the specific number of incidents used to analyze each variable varies based on data availability in the All-Hazards dataset and subsequent processing. 
[bookmark: _heading=h.1fob9te]Trend Analysis
We used the “START_YEAR” field in the St. Denis et al (2023) All Hazards Dataset to assign each wildfire to a year (1999-2020). We used ordinary least squares regression to measure trends through time for each variable; for a given variable, values for all incidents were averaged annually and trend lines fit to these averaged values. 

Table A1. National Trend Analysis for Indicators of Institutional Complexity.

	
Variable
	Variable Info
	N
	Slope*
	R2*

	Mean
	Max
	Min
	Std
dev

	Incident prevalence
	Counted number of incidents in each year.
	3974
	-3.34
	0.075
	180.636
	425
	63
	79.04

	 Count of engaged  jurisdictions 
	Averaged engaged jurisdictions for all incidents in each year.
	2679
	0.02
	0.05
	5.76
	38
	1
	2.69

	Incident size
	Averaged all fire sizes for each year.
	3974
	789.62
	0.26
	19,880.86
	1,305,592.00
	0
	60283.52

	Incident days at PL 4 or 5
	Averaged all incident days at NPL 4 & 5 for each year.
	3974
	0.19
	0.03
	10.03
	88
	0
	15.73

	Structures threatened, damaged or destroyed
	Averaged all incidents values at risk for each year.
	3974
	147.72
	0.33
	892.17
	200713
	1
	6342.74


*Slopes based on annual aggregated values (n=22).  
[bookmark: _heading=h.3znysh7]Regional Analysis
We relied on the Geographic Area Coordinating Center (GACC) boundaries to delineate the regional analyses.  GACCs were selected because  they are a central administrative entity for coordinating incident support. GACC delineations are governed  by the National Interagency Fire Center (NIFC) and the National Coordination Center (NCC).  Currently, there are ten GACC regions:  1) Northwest, 2) Northern California, 3) Southern California, 4) Northern Rockies, 5) Great Basin, 6) Southwest, 7) Rocky Mountain, 8) Eastern, 9) Southern, and 10) Alaska. GACC boundaries changed in 2001, so we assigned fires that occurred between 1999-2001 to their current day GACC(s) for consistency through time. See https://gacc.nifc.gov/ for more information. 

GACC boundaries were identified using a GACC shapefile (National GACC Boundaries, 2023). We used the point of origin (latitude and longitude) to assign wildfires to individual GACCs. Eighty-four incidents did not have a Point of Origin to assign to a region. The total number of incidents assigned to the 10 regions is 3,890 instead of 3,974. 

	Table A2. Incident Count by Region. 

	Regions
	Incident Count

	Alaska
	105

	Eastern Area
	54

	Great Basin
	499

	Northern Rockies
	437

	Northwest
	650

	Northern California
	385

	Southern California
	413

	Rocky Mountain
	259

	Southern Area
	542

	Southwest
	546

	Total
	3,890


[bookmark: _heading=h.2et92p0]Data Descriptions by Variable
1. [bookmark: _heading=h.tyjcwt]Prevalence of Significant Wildfire Events
[bookmark: _heading=h.3dy6vkm]Data 
Data for calculating this measure was based on counts of incidents identified within St. Denis et al (2023) All-Hazards Dataset.
[bookmark: _heading=h.1t3h5sf]Processing
No additional processing was required beyond identifying and counting incidents.

[bookmark: _heading=h.4d34og8]2.  Engaged Jurisdiction Complexity Score
[bookmark: _heading=h.2s8eyo1]Data
Seven spatial data layers and one tabular dataset were used in the creation of our jurisdictional complexity composite scores. These included 1) St. Denis et al’s (2023) All Hazards Dataset, 2) Monitoring Trends in Burn Severity (MTBS) spatial vector layer  (Monitoring Trends in Burn Severity, 2017), 3) The National Interagency Fire Center Wildland Fire Decision Support System (WFDSS) 4) US Topologically Integrated Geographic Encoding and Referencing (TIGER)/Line state boundaries, 5) US TIGER/Line County boundaries, 6) US TIGER/Line Census place boundaries, 7) Bureau of Indian Affairs (BIA) Regional boundaries, and 8) Bureau of Land Management (BLM) boundaries. 
[bookmark: _heading=h.17dp8vu]Processing
We conceptualized a ‘jurisdiction’ as a unique administrative unit of land ownership or government administration.   Our focus was to identify the jurisdictional entity who had authority and responsibility to represent their jurisdiction's interests in the management of a wildfire that was either threatening or actively burning on their land.  Because state fire agencies generally have authority and responsibility for fire management on private lands, counts of private landownership were not included separately in our jurisdictional complexity counts.  We consider trends in the impact of wildfire on human settlements separately in our structures threatened, damaged, or destroyed analysis. 

Only wildfires with MTBS fire footprints were suitable for the jurisdictional complexity analysis.  The Incident Management All-Hazards tabular dataset uses the Fire Occurrence Database to assign MTBS fire footprints to wildfire incidents; the geospatial boundary for a wildfire incident includes all associated MTBS fire footprints. Five hundred acres is the minimum size for MTBS-recorded fires, except in the western United States where the minimum is 1,000 acres (Short 2021). We assessed jurisdictional complexity only for wildfire incidents in the Incident Management All-Hazards tabular dataset that were designated Type 1 or 2 and assigned one or more MTBS fire footprints (n = 2679). The geospatial boundary for a wildfire incident includes all associated MTBS fire footprints.   

Jurisdictional counts included all jurisdictions administratively burned or engaged in the co-management of the wildfire.   To create the “engaged” co-management boundary, we added a 5-mile buffer to the MTBS fire footprints. Five miles was considered the institutionally recognized distance at which a threatened jurisdiction would become involved in the governance of an active wildfire (Authors, under review, Nowell and Stutler 2020).  The count of engaged jurisdictions includes burned jurisdictions, but a unique jurisdiction can only be counted once, so no jurisdiction is counted twice as both burned and engaged. The lowest order jurisdiction we considered was census place.  Private entities were not counted separately for this analysis. 

A framework of decision rules was used to calculate jurisdictional counts.  These decision rules are summarized in detail by (Jones et al, under review) and were used to process the combined jurisdictional data to identify and count jurisdictions engaged in the incident.  Key elements of the decision framework included: 1) burned and engaged federal administrative entities including National Forests, National Parks and Monuments, US Fish and Wildlife Reserves, Department of Defense military installations, Department of Energy installations, and Bureau of Land Management Districts were counted as separate jurisdictional entities, 2) all Bureau of Indian Affairs regions and Indian Reservation lands were counted as separate jurisdictions 3) states and counties were counted as independent jurisdictions when non-federal lands were burned/engaged within their boundaries

[bookmark: _heading=h.3rdcrjn]Analysis

We counted engaged jurisdictions and the number of government levels engaged for each incident. The jurisdictional count was multiplied by the number of government levels engaged on that incident to yield a jurisdictional complexity score. Levels of government/ownership[footnoteRef:1] were operationalized as federal, tribal, state, local, and private.  This was done to account for findings from past research suggesting that governing across levels of government is more complex than collaborations within the same level of government (Fleming et al, 2015, Nowell et al, 2023). For regional analysis, the jurisdictional complexity score for each GACC was normalized by the cumulative GACC average jurisdictional complexity score. Linear regression analysis was used to calculate the slopes for the national dataset as well as the 10 regions. [1:  Also referred to as land tenure (authors, under review). ] 

[bookmark: _heading=h.26in1rg]3. Acreage of Significant Wildfires
[bookmark: _heading=h.lnxbz9]Data
We used fire size (in acres) from the “FINAL_ACRES” field in St. Denis et al’s (2023) All-Hazards dataset.
[bookmark: _heading=h.35nkun2]Processing
No additional processing was required to analyze fire size.
[bookmark: _heading=h.1ksv4uv]Analysis
We averaged wildfire size by year for both the national dataset and within each region.  For individual GACCs, we computed an average fire size for all wildfires within that GACC from 1999-2020. We then normalized each annual averaged fire size for the GACC by the cumulative average fire size for that GACC over the 21-year period.  Linear regression analysis was used to calculate the slopes for the national dataset as well as the 10 regions.   
[bookmark: _heading=h.44sinio]4. Number of Preparedness Level Days
[bookmark: _heading=h.2jxsxqh]Data
The National Interagency Fire Center provided daily National Preparedness level data from 1999-2020.  This data was then combined with St. Denis et al’s (2023) All Hazards Dataset. 
[bookmark: _heading=h.z337ya]Processing
We used the St. Denis et al’s (2023) All Hazards data “DISCOVERY_DATE” field to identify the start date of the incident and the “REPORT_TO” column to identify the end date of the incident. We selected these columns to identify days the incident was considered active because these columns had the most complete and consistent reporting when compared to other data columns that could provide similar information. We then used the National Preparedness Level data to assign a preparedness level (PL) value to all days the incident was active; we then summed all days the incident was assigned a PL 4 or 5.
[bookmark: _heading=h.3j2qqm3]Analysis
For each GACC, we computed the annual average of days spent at NPL 4 and 5. We then fit an OLS regression.   
[bookmark: _heading=h.1y810tw]5. Structures Threatened, Damaged or Destroyed
[bookmark: _heading=h.4i7ojhp]Data
Structures threatened, damaged, and destroyed were extracted from St. Denis et al’s (2023) All-Hazards dataset fields “STR_THREATENED_MAX”, “STR_DAMAGED_TOTAL”, “STR_DESTROYED_TOTAL” respectively.
[bookmark: _heading=h.2xcytpi]Processing
For each incident, we summed the “STR_THREATENED_MAX”, “STR_DAMAGED_TOTAL”, “STR_DESTROYED_TOTAL” to yield a total of structures impacted or almost impacted by the incident.
[bookmark: _heading=h.1ci93xb]Analysis
For each GACC, we averaged the incident-level structures impacted or almost impacted for each year. We then fit an OLS regression to the yearly averages.
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Data Availability

All data used in this manuscript was sourced from publicly available datasets.  Source data sets and associated access links as of 10/25/2023 are appended below. 

· MTBS Data Access: Fire Level Geospatial Data. (2023, January - last revised). MTBS Project (USDA Forest Service/U.S. Geological Survey). http://mtbs.gov/direct-download

· National GACC Boundaries. (2023 - last revised). National Interagency Fire Center. https://hub.arcgis.com/datasets/nifc::national-gacc-boundaries

· National Interagency Fire Center (2022- last revised). Wildland Fire Decision Support System - Jurisdictional Agencies. https://data-nifc.opendata.arcgis.com/datasets/jurisdictional-unit-public/explore.

· [bookmark: _heading=h.3whwml4]St. Denis, L. A., Short, K. C., McConnell, K., Cook, M. C., Mietkiewicz, N. P., Buckland, M., & Balch, J. K. (2023). 2-. Scientific data, 10(1), 112.
· [bookmark: _heading=h.2bn6wsx]U.S. Bureau of Indian Affairs. BIA Regions. BIA Branch of Geospatial Support (2020). https://bia-geospatial-internal.geoplatform.gov/datadownload.html.
· U.S. Bureau of Land Management. BLM Administrative Unit District Boundary. BLM Geospatial Gateway (2021). https://www.arcgis.com/home/webmap/viewer.html?url=https%3A%2F%2Fgis.blm.gov%2Farcgis%2Frest%2Fservices%2Fadmin_boundaries%2FBLM_Natl_AdminUnit%2FMapServer&source=sd.

· U.S. Census Bureau (2019). US Census Place Boundaries. https://www2.census.gov/geo/tiger/TIGER_RD18/LAYER/.

· U.S. Census Bureau (2019). US County Boundaries. https://www2.census.gov/geo/tiger/TIGER_RD18/LAYER/COUNTY/tl_rd22_us_county.zip

· U.S. Census Bureau (2019). US State Boundaries. https://www2.census.gov/geo/tiger/TIGER_RD18/LAYER/STATE/tl_rd22_us_state.zip



Code Availability
A GitHub repository of all code will be included upon acceptance of publication as it contains author identifying information.

[bookmark: _heading=h.qsh70q]
image1.emf
Variable

GACC Slope R.squared Mean Max Min std_dev

AICC 0.022 0.011 4.773 30 0 6.531

EACC -0.025 0.02 2.454 11 0 2.857

GBCC -0.051 0.268 22.681 64 5 14.617

NRCC -0.01 0.007 19.863 55 3 15.167

NWCC 0.026 0.106 29.545 64 9 15.19

ONCC 0.003 0.002 17.5 32 3 8.377

OSCC -0.009 0.019 18.772 35 4 8.035

RMCC -0.018 0.021 11.772 39 0 9.69

SACC -0.035 0.022 24.6363 130 1 38.112

SWCC -0.029 0.024 24.818 127 1 29.926

AICC -0.01 0.057 5.333 10 2 1.601

EACC 0 0 4.321 9 2 1.722

GBCC 0.001 0.005 5.855 17 1 2.465

NRCC 0.002 0.01 5.383 19 1 2.333

NWCC 0.005 0.089 5.807 18 1 2.411

ONCC 0.014 0.242 6.405 20 3 2.82

OSCC 0.005 0.037 6.656 26 1 3.316

RMCC 0.003 0.023 5.614 11 1 1.811

SACC 0 0 6.219 38 1 4.049

SWCC 0.005 0.023 4.581 20 1 2.052

AICC -0.042 0.038 85540.93 1305592 34 186086.126

EACC 0.003 0 5581.556 92193 1 14517.864

GBCC 0.022 0.061 31657.02 652016 0 65015.423

NRCC -0.008 0.007 14672.5 292070 0 32792.998

NWCC 0.032 0.133 19640.77 557628 0 46886.13

ONCC 0.097 0.325 24145.74 1032648 0 74083.053

OSCC 0.051 0.188 15598.74 379895 0 41027.41

RMCC 0.046 0.109 14893.7 208913 42 30331.662

SACC 0.143 0.127 6486.043 367740 0 27682.971

SWCC 0.056 0.174 17887.8 907245 0 66941.697

AICC -0.046 0.011 6.171 69 0 14.917

EACC -0.03 0.022 3.5 66 0 9.842

GBCC 0 0 13.094 88 0 17.025

NRCC 0.01 0.012 19.677 71 0 17.662

NWCC 0.017 0.028 15.823 73 0 17.195

ONCC 0.035 0.077 10.629 71 0 15.945

OSCC 0.044 0.114 6.898 75 0 12.672

RMCC 0.006 0.003 12.517 88 0 19.05

SACC -0.089 0.123 2.208 60 0 7.615

SWCC 0.009 0.002 3.174 68 0 9.026

AICC 0.021 0.012 293.571 3170 0 603.16

EACC -0.005 0.002 63.722 452 0 109.405

GBCC 0.051 0.121 205.585 10256 0 774.439

NRCC 0.058 0.187 127.088 3104 0 304.07

NWCC 0.16 0.17 684.268 173252 0 7123.798

ONCC 0.182 0.459 2010.966 200713 0 12327.911

OSCC 0.158 0.363 1857.312 69082 0 6906.08

RMCC 0.114 0.159 729.869 52142 0 3765.36

SACC 0.112 0.174 175.344 17500 0 1034.608

SWCC 0.127 0.344 228.306 13500 0 1098.863

*based on distribution of annual incident counts for each GACC

Prevalence of Type 1 

or 2 Wildfires*

Jurisdictional 

Complexity

Incident Size        

(Acres)

Incident Days at        

PL 4 or 5

Structures 

Threatened, 

Damaged, or 

Destroyed

Table 3. Descriptives by Variable by Region (GACC)


