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Introduction

California fire regimes are changing at an increasingly rapid 
pace, leading to ecosystem degradation and increasingly 
risky conditions for humans

• Increasing smoke from giant wildfires

• Ecosystem impacts of changing fire frequencies

- Too little fire in montane forests

- Too much fire in SoCal, Great Basin, and near urban areas

• Conifer forests are having trouble recovering from large and severe 
fires



Introduction

Science-based responses to these phenomena require 
consideration of temporal trends

• Directional change only discernable by knowing the starting point

• Reference or baseline conditions needed to understand direction 
and magnitude of change, and provide context for current 
conditions

• For some phenomena, past conditions may provide glimpse into 
“resilient” or “sustainable” conditions

• In others, a “return to the past” may be a necessary first step toward 
preparing for the future
- Using history as “waypoints” rather than “endpoints”



Agreement Objectives

• Build a better estimate of historical burned area baselines 
in California (pre-EAS)

• Provide new values of ranges of historical emissions for the 
baseline fire regime

• Improve and recalculate fire return interval departure 
statistics for California and major ecoregions

• Update POSCRPT model for conifer regeneration postfire 
(not covered today)



HISTORICAL BURNED AREA

Current best estimate:
• ~ 1.8 million hectares per 

year
• ~ 34 Teragrams of CO2 per 

year

• A lot of new research has been done in the last 18 years

- Educated guesses in 2007 can now be replaced with data

• We can now use Fire Rotation Period estimations directly

• New vegetation types can be included (riparian, desert, etc.)

• We have better products that better represent historical ecosystem distribution



How can we estimate past burned areas?

1 What type of vegetation covered California?

2 How often did this vegetation burn?



1. Map: Biophysical Settings (LANDFIRE)

164 BpS types

We cross walked them into 35 Pre-
settlement Fire Regime Types : 28 
(Van de Water and Safford 2011) and 
added new PFRs. 

!Although FRI is based on pre-EAS fire 
regimes, the map is modeled based on 
modern plots and modern climate

Underprediction of grassland 
and other herbaceous 
vegetation in California where 
pre-EAS population was high

BpS types represent 
models of pre-EAS fire 
and successional 
dynamics, incorporating 
growth and fire



BpS undermaps grasslands: Central Valley reconstructions

The Central Valley Historic Mapping 
Project, CSU 2003Tulare Basin Map, CSU, Phillips 2006

Sacramento-San Joaquin Delta, SFEI 2012  



Other grassland paleodata: phytoliths

Fick and Evett, 2018

Phytolith density maps

Wikipedia



Human impacts: include pre-EAS indigenous mgt

Patwin, Kroeber 1932



Village map digitization

Yuki, Handbook 1932

Chumash, McLendon and Johnson, 1999
Santa Barbara Museum Of Natural History

Davis 1961



Village map digitization
Sources:
1. Extensive reports:

• McLendon and Johnson 1999 for the Chumash
• Krueger 1932 for the Patwin and Nomlaki
• Heizer 1970 for the Shasta
• Knifen 1928 for the Achumawi 
• Kroeber 1970 for the Patwin
• Waterman 1920 for the Sumeg

2. Handbook of North American Indians, Volume 8
3. Atlas of Western Prehistory, Wilson and Wilson 2022

Results:

• 2,117 villages (certainly an underestimate)
• 14,000 km of trails (8,700 miles)



Are we missing part of the story?

• Similar ecoregion, around East Sacramento 
and Placerville (source: Handbook)

• An equal surface includes 19 villages. 

• 0,22 villages per 10 square km (3,9 square 
miles) or 1 village per 50 square km (19,5 
square miles)

• Area around Oroville. High village 
density (source: Handbook)

• The area covers around 85,000 hectares 
and includes 85 villages:

• 1 village per 10 square km (3,9 square 
miles)

Can we infer the 
location of potential 
villages based on 
vegetation, DEM and 
ecoregion, until a 
similar density?



Vegetation type change in intensely managed cultural sites

Rules for conversion to fire-maintained 
grassland/forbland types:

• Applied to certain vegetation types (shrubs, mixed 
evergreen…)

• Topographically dependent:

• Not occurring on lower slopes and valleys

• Different vegetation type according to 
slope+aspect

• New grassland types assigned according to 
climate and topographical features (distance to 
coast, etc.)

Greenler et al 2024

Miwok area
5 miles buffer



California pre-EAS vegetation map



California pre-EAS vegetation map

BpS LANDFIRE OUR MAP

Karuk-Yurok



California pre-EAS vegetation map
BpS LANDFIRE OUR MAP

Chumash



California pre-EAS vegetation map

Historical Vegetation Distribution
Jepson Ecoregion Grasslands* Shrublands Forests

Historic Current Historic Current Historic Current
BpS (%) Our map (%) FVEG (%) BpS (%) Our map (%) FVEG (%) BpS (%) Our map (%) FVEG (%)

Central Western CA 38.70 57.64 51.96 28.40 13.37 25.68 31.18 27.00 8.51

Cascade Ranges 11.36 17.19 15.11 8.71 4.23 10.41 76.10 74.83 64.52

Mojave Desert 0.22 3.19 1.29 68.57 65.62 90.56 1.25 1.24 2.03

Sonoran Desert 0.07 12.80 0.72 56.45 43.74 75.57 0.08 0.06 0.44

Great Valley 24.89 75.19 30.62 43.04 11.91 2.82 28.20 4.43 0.88

Modoc Plateau 0.77 14.82 6.88 45.37 36.33 56.08 46.81 41.81 18.00

North Western CA 15.72 25.05 14.66 9.43 4.32 8.77 73.49 69.31 68.91

Sierra Nevada 20.57 27.51 18.98 14.03 8.32 8.61 57.31 56.30 58.04

East of Sierra Nevada 1.75 11.24 5.03 55.45 47.65 61.29 26.74 25.44 20.36

Southwestern CA 6.72 51.15 11.51 71.97 28.86 46.90 20.05 18.72 10.27

Total CA 13.59 31.43 16.53 39.69 26.17 36.91 34.82 29.77 25.23

provisional results



2. How often DID vegetation burn?

• fire scar dendrochronology

• lake and ocean sediment cores

• oral histories

• writings

All vegetation types, 
including grasses, desert, 

riparian...



Fire Rotation Periods

• Fire Return Intervals (FRI) 
Number of years between fires 𝐹𝐹𝐹𝐹𝐹𝐹 =

𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 (𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦) 
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

• Fire Rotation period (FR)
Number of years needed to 
burn a region  of interest

𝐹𝐹𝐹𝐹 =
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑝𝑝𝑝𝑝𝑝𝑝 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦

• 𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃𝒃 𝒂𝒂𝒂𝒂𝒂𝒂𝒂𝒂 𝒑𝒑𝒑𝒑𝒑𝒑 𝒚𝒚𝒚𝒚𝒚𝒚𝒚𝒚 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐹𝐹𝐹𝐹



New Fire Rotation periods

PFR Years PFR Years PFR Years
Aspen 38 Serpentine yellow pine 33 Big sagebrush (mountain) 120
Central Valley riparian 11 Spruce-hemlock 672 Big sagebrush (wyoming) 223
Dry mixed conifer 23 Subalpine forest 425 Black and low sagebrush 1100
Lodgepole pine 63 Western white pine 79 Chaparral and serot. conif 72
Lowland coastal riparian 800 Yellow pine 22 Coastal sage scrub 100
Mixed evergreen 40 Alpine vegetation 8200 Curl-leaf moun. mahogany 130
Moist mixed conifer 31 California grassland 11 Desert mixed shurb 1901
Montane riparian 48 Coastal prairie 6 Desert riparian 3130
Pinyon-juniper 404 Marsh systems 8 Montane chaparral 54
Red fir 79 Montane meadow 18 Semi-desert chaparral 160
Redwood 25 Oak woodland 18 Serpentine chaparral and ser. 108
Serpentine mixed conifer 47 Semi-desert grassland 103



RESULTS
Historical Burned Area

provisional results (areas will 
definitely rise with our 
village mapping work)

provisional results



RESULTS
Comparison with recent trends

provisional results



Historical burned area and emissions

1 What type of vegetation covered California?

2 How often did this vegetation burn?

3 What were the associated emissions?



3. Historical Emissions

Modern simulator:

Vegetation types and surface burned  

Fuel loading  

Weather 
Reconstructed climate:

Average of Palmer drought index for June-
July-August between 1500 and 1800



Historical Emissions

Fuel Loads from FOFEM database

FCCS NVCS SAF/SRM

Average ± SD per PFR 

“Light”

Crosswalk with PFRs

For serpentine types, we 
modified the values 
according to De Siervo et al 
2015 results



Historical Emissions
Historical percentage crown consumed

PFR % PFR %
Aspen 15 Pinyon-juniper 30
Central Valley riparian 5 Red fir 10
Chaparral and serot 65 Redwood 5
Curl-leaf Mtn mahgny 25 Serp. chap and serot 40
Dry mixed conifer 5 Serp. mixed conifer 5
Lodgepole pine 25 Serp. yellow pine 5
Lowland coastal ripa 25 Spruce-hemlock 40
Mixed evergreen 5 Subalpine forests 15
Moist mixed conifer 5 Western white pine 10
Montane riparian 20 Yellow pine 5
Oak woodland 5



Historical Emissions

Weather

As in Stephens et al 2007 : 
• 2/3 in fall under dry conditions
• 1/3 in summer under very dry conditions
[+ sensitivity?]

Sources of uncertainty

• Fuel load estimation  Monte Carlo methodology

1000 FOFEM simulations using different fuel loadings



RESULTS: Average emissions per vegetation type per year

provisional results



provisional results

RESULTS: Average emissions per vegetation type per year



RESULTS

Comparison to Stephens 2007 

Lower part of the estimate

provisional results



RESULTS

For our average estimate (1.5 million hectares burned): provisional results

Our estimates for mean CO2 
emissions:

6.73 metric tons per acre burned

Stephens et al 2007 mean CO2 
emissions:

7.5 metric tons per acre burned

Modern fires 2000-2020 (CARB):

24 metric tons per acre burned



Mean metric tons CO2 per burned acre per year

Assumes equal 
spatial probability 
of burning across 
all pixels. 

provisional results



Annual Gg CO2 in each air district

Assumes equal 
spatial probability 
of burning across 
all pixels. 

provisional results



Mean Kg CO2 per acre (whole district) per year

Assumes equal 
spatial probability 
of burning across 
all pixels. 

provisional results



New PFRID calculations

Safford and Van de Water 2014

departure  =
max(current, hist)

current - hist

Fire Return Interval 
Departure (FRID) 

• Mean PFRID = mean % fire 
return interval departure

• Cool colors = missed fire 
cycles

• Warm colors = excessive fire



New PFRID

Limitations of current FRID:

Federal lands

Not all vegetation types

Base map is 2011 CALVEG/EVEG

Potential improvements:

Updated FRIs for all vegetation 
types

Use of FVEG for current vegetation 
across the whole state

Use of new historical map for 
“potential” vegetation

New uncertainty measure



New PFRID

Source: own
Base map: EVEG+FVEG
Fires: 1908-2023
FRIs: Van de Water and Safford 2011 + LANDFIRE

Source: own
Base map: BpS-modified

Fires: 1908-2023
FRIs: Van de Water and Safford 2011 + LANDFIRE

Excluded current anthropic areas according to FVEG

Mean PFRID



Takeaway messages
Reproducing historical fire regimes is challenging; recent 
data and methods advances provide better estimates

Historical fire regime reconstruction can quantitatively 
incorporate indigenous cultural burning in the estimation 
of vegetation type distribution and fire regimes

Our provisional results mechanistically account for 
indigenous burning, which increases the grassland-type 
cover. This expands the total burned area, but it decreases 
total emissions

Recent wave of large fires is shrinking positive FRI 
departures in some Northern California forests. But SoCal 
is seeing increasingly negative departures (too much fire) 

Different historical vegetation maps show different 
patterns. 
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