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ABSTRACT 

Between 2015 and 2020, some of the most destructive and deadly wildfires in California history occurred in 

Lake, Napa, and Sonoma counties. A long-term understanding of fire and vegetation patterns is needed to 

inform hazard reduction and forest resilience strategies, and to advance the public awareness needed for 

improved fire readiness across the region. Four study areas, covering about 200 sq mi. and identified by CAL FIRE 

as places where communities and the environment are at elevated risk from wildfire, were chosen: one each in 

Lake, Napa and Sonoma Counties and one straddling the ridge between Napa and Sonoma. Three were in the 

Mayacamas Range, 30-40 miles inland, and one along the Russian River, about ten miles inland.  

Indigenous elders provided long-term data for fire and vegetation patterns within a context where cultural 

burning was regularly practiced. Historical vegetation change over the last 150 years was assessed with a suite 

of historical surveys and vegetation maps, covering the period from 1870 ς 2020. To compare time periods, 

vegetation data was sorted into broad Lifeform and Forest Type categories. Fire history was assessed using CAL 

FIRE-mapped perimeters dating to the 1940s and narrative sources (e.g., newspapers) to extend and other 

narrative sources, earlier fires were mapped to the late 19th century, thus creating a fire record that coincided 

with the vegetation record. Frequent Burn Zones (FBZs), Rare Burn Zones (RBZs) and Timber Harvest Zones (THZ) 

were identified and analyzed for vegetation changes and post-fire recovery. Results showed an overall decline in 

shrublands and an increase in woodlands during the study period. The most fire-prone places were the places 

where the most dynamic vegetation change occurred. In as little as three decades, places that were exclusively 

shrublands (100%) in the aftermath of fire, became primarily woodland (65%). Catastrophic fires appear to show 

a correlation with woodland cover >60%. ¢Ƙƛǎ Ƙŀǎ ƛƳǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ŘŜǾŜƭƻǇƛƴƎ ŀ ǳƴƛǾŀǊƛŀǘŜ ΨŦƛǊŜ ŜȄǇƻǎǳǊŜ ƳŜǘǊƛŎΩ 

for guiding cultural and prescribed burning and other fuel reduction strategies. 
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INTRODUCTION 

Within the last ten years, some of the most destructive and deadly wildfires in California history have occurred 

in Lake, Napa and Sonoma counties. Dozens of people died in these fires, hundreds of thousands evacuated, and 

nearly 10,000 homes and structures were destroyed. The goal of this project is to better characterize long-term 

fire and vegetation patterns to inform hazard reduction and forest resilience strategies, and to advance the 

public awareness needed for improved fire readiness across the region.  

In facing the current situation, firefighters, land stewards and the public are realizing that our long-established 

practices no longer serve us well. There is a recognition that fundamental changes are needed. Most of us are 

relative newcomers to this land, with roots going back a few generations at most. To thrive here in the long run, 

or even just survive, we need a deeper understanding of this place. Part of that understanding will be built from 

scientific studies of vegetation, fire, climate and related disciplines. Such knowledge is valuable and useful, but it 

can perpetuate the illusion that, with enough data, control is possible, and that fire is an adversary to be fought. 

Effectively reimagining our role as human beings in the landscape and changing our relationships with fire and 

vegetation is going to require a much broader vision. 

As part of that reimagining, this study took an interdisciplinary approach. We incorporated an array of historical 

and scientific sources and gave equal weight to the perspectives and traditional wisdom of our local Indigenous 

community. Several people with first-hand experience of cultural burning, as well as knowledge passed down 

from past generations, shared their knowledge with us. For this gift we are extremely grateful. This Indigenous 

wisdom (aka Traditional Ecological Knowledge) is a slender thread going from the present all the way back to the 

beginnings of human time in our regionΦ /ƭƛƴǘ aŎYŀȅ ό5Ǌȅ /ǊŜŜƪ tƻƳƻΣ ²ŀǇǇƻΣ ²ƛƴǘǳƴύΣ /ƘŀƛǊ ƻŦ tŜǇǇŜǊǿƻƻŘΩǎ 

bŀǘƛǾŜ !ŘǾƛǎƻǊȅ /ƻǳƴŎƛƭΣ ǎƘŀǊŜŘ ǘƘŀǘ ƘŜ ŎŀƴΩǘ ƛŘŜƴǘƛŦȅ Ƙƛǎ ŜŀǊƭƛŜǎǘ ƳŜƳƻǊƛŜǎ ƻŦ ŎǳƭǘǳǊŀƭ ōǳǊƴƛƴƎτƛǘΩǎ ǇŀǊǘ ƻŦ ŀ 

cultural tradition extending back to before he was born. Personal memories are less important than the 

combined memories and experiences of those who came before. As a foundation for responsible stewardship, 

that knowledge is a form of generational wealth. 

Another holder of Indigenous wisdom contacted during this study was Redbird (Pomo, Paiute, Wintu and 

²ŀƛƭŀƪƛύΣ {ǘŜǿŀǊŘǎƘƛǇ /ƻƻǊŘƛƴŀǘƻǊ ŀǘ IŜǊƻƴ {ƘŀŘƻǿΣ ŀ Ψ.ƛƻŎǳƭǘǳǊŀƭ hŀǎƛǎΩ ƛƴ DǊŀǘƻƴΣ owned and stewarded by 

the Cultural Conservancy. On seeing vegetation maps created for this project, he observed that they show Ψwhat 

happens when the land is not being tended properly.Ω Considering how long his people and their neighbors have 

cared for this place, that idea makes an appropriate framework for reflecting on the 150 years of vegetation and 

fire history collected here. If fire can ōŜ ŎƻƴǎƛŘŜǊŜŘ ŀ ƳŜƳōŜǊ ƻŦ ǘƘŜ ŎƻƳƳǳƴƛǘȅΣ ŀǎ IŜǊƻƴ {ƘŀŘƻǿΩǎ ŘƛǊŜŎǘƻǊ 

Sara Moncada puts it, then the recent catastrophic fires highlight the consequences of ignoring that community 

member, or thinking we can banish them entirely. 

The bulk of this report covers what has happened over the 150-plus years since Indigenous stewardship has 

been excluded from the landscape. Historical data, including fire and vegetation maps, was collected and 

created ǿƛǘƘƛƴ ŀǊŜŀǎ ŘŜŦƛƴŜŘ ŀǎ ΨƘƛƎƘ ŦƛǊŜ ǊƛǎƪΩ ōȅ /![ CLw9Φ !ǎ ŀ ǎŜǘ ƻŦ ΨƴŀǘǳǊŀƭ ŜȄǇŜǊƛƳŜƴǘǎΩ ƻǾŜǊ ŀ ƭƻƴƎ ǇŜǊƛƻŘ ƻŦ 

time, it evaluates the influence of various factors on local fire history including vegetation changes over that 

period. No modeling was done for this study, though several landscape and ecological parameters, such as slope 

aspect and vegetation type, used in fire modeling, were analyzed. 
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Within the four study areas in Lake, Napa, and Sonoma counties, modern fire suppression began in the 1930s or 

1940s. Thus, about half the record documented in this report occurred prior to suppression and half later, giving 

ǎƻƳŜǘƘƛƴƎ ƻŦ ŀ ΨōŜŦƻǊŜ ŀƴŘ ŀŦǘŜǊΩ ǇƛŎǘǳǊŜ ƻŦ ŎƻƴŘƛǘƛƻƴǎΦ ¢ƘŜ ŜŀǊƭƛŜǎǘ ΨƳŀǇǇŀōƭŜΩ Řŀǘŀ ǳǎŜŘ ƛƴ ǘƘƛǎ ǎǘǳŘȅ ǿŀǎ  

collectŜŘ ōȅ ǎǳǊǾŜȅƻǊǎ ǿƻǊƪƛƴƎ ŦƻǊ ǘƘŜ DŜƴŜǊŀƭ [ŀƴŘ hŦŦƛŎŜΣ ǇǊƛƳŀǊƛƭȅ ƛƴ ǘƘŜ муслǎ ŀƴŘ ΨтлǎΦ These 19th-century 

surveys can be challenging to interpret. Nevertheless, they offer an extremely fine-grained picture of the land 

and the vegetation on it as it existed just a few years after Indigenous stewardship had ended or gone into steep 

decline. 

Fire regimes in California are highly variable. To be effective, vegetation and land stewardship must account for 

this variability (Stephens et al 2014). In contrast to southern California (Syphard et al 2019), this study 

demonstrates that post-fire vegetation recovery in more northern counties can be rapid and dynamic. In many 

of the most fire-prone areas covered in this study, shrublands (mapped at 100%) converted to woodlands (65% 

or more) in just three decades. A decade or two later, after the next wildfire comes through, shrublands return 

and the cycle begins again. Forest recovery after timber harvest occurs almost as quicklyτǿƛǘƘ ΨōŀǊǊŜƴΩ ƭŀƴŘ 

returning to 59% forest in about four decades. Within these landscapes are places where no fires or major 

disturbance have been recorded in the last 150 years. 

The Napa East study area illustrates this landscape variability well, with vegetation patterns in sharp contrast to 

the other study areas. Though it is the most fire-prone of our study areas, it does not follow the pattern 

mentioned aboveτvegetation change in the wake of fire proceeds so slowly as to be nearly undetectable. 

Whether this is due to a difference in soils, precipitation or some other factor is unknown at this point.  

Mapping and describing the changes in vegetation patterns and fire over the last 150 years is inherently 

ŎƘŀƭƭŜƴƎƛƴƎΦ !ǎ ŘŜǎŎǊƛōŜŘ ƛƴ ǘƘŜ aŜǘƘƻŘǎ ǎŜŎǘƛƻƴΣ ƛǘ ǊŜǉǳƛǊŜǎ ŘƛǎǘƛƭƭƛƴƎ ǾŜƎŜǘŀǘƛƻƴ Řŀǘŀ Řƻǿƴ ǘƻ ƛǘǎ ΨƭŜŀǎǘ ŎƻƳƳƻƴ 

denominator.Ω What this approach lacks in precision it makes up for in a longer time scale and expanse of 

landscapes. This lens makes visible the broad outlines of vegetation change over a century and a half and allows 

us to put present conditions in context. Some line descriptions in the 19th-century surveys are challenging to 

interpret. Others, ƭƛƪŜ άƳƻǎǘƭȅ ƻƴƭȅ ŎƘŀǇŀǊǊŀƭΣέ provide a sharp and undeniable contrast in places now heavily 

forested.  

Landscapes reflect the practices and preferences of the people living in them, according to the amount of care 

and attention they receive, or the lack of it. The only known factor which can account for the prevalence of 

chaparral in the 19th-century surveys is a widespread tradition of cultural burning. Aǎ ŀ ǿŀȅ ƻŦ άǇǊƻǇŜǊ ǘŜƴŘƛƴƎΣέ 

cultural burning was done in many kinds of habitats. The incidence of chaparral in the surveys is just the most 

visible marker in the historical record. 

It is well known that human actions can harm the natural world. But things are also thrown out of balance by a 

lack of engagement and stewardship. Recent catastrophic wildfires indicate that this lack of human involvement 

not only threatens natural systems but puts us in danger ŀǎ ǿŜƭƭΦ LǘΩǎ ƛƳǇƻǎǎƛōƭŜ ǘƻ ǎŀȅ ǿƘŀǘ ƻǳǊ ƭŀƴŘǎŎŀǇŜǎΣ ǿƛǘƘ 

proper tending, could look like in another 150 years. By looking back a century and a half, this report offers a 

foundation for such long-term thinking through the following lines of inquiry: 

1. How has the relationship between vegetation, fire, and people changed over time? 
 

2. What is the relationship between fire frequency, vegetation trends and cycles, landscape variables, 
and post-disturbance regeneration?  
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3. Do vegetation patterns, or other landscape factors suggest a tipping point for large or catastrophic 
fires? How do these compare with other possible tipping points such as temperature, humidity and wind 
speed? 
 

4. What is the most effective point in the fire/revegetation cycle for fuel reduction efforts to minimize 
wildfire emissions and threats to communities and ecosystem services, while also maximizing carbon 
sequestration for a given location? 

 

5. How might we use fire as a stewardship tool to improve the ecological health of the land? 

 

These questions will be referred to in ǘƘŜ ΨaŜǘƘƻŘǎΩΣ ΨwŜǎǳƭǘǎΣΩ ŀƴŘ Ψ5ƛǎŎǳǎǎƛƻƴΩ ǎŜŎǘƛƻƴs that follow, using these 

abbreviated phrases: 

1. Relationship of vegetation, fire, and people 

2. Fire frequency, vegetation patterns and landscape variables 

3. Minimizing emissions, maximizing sequestration 

4. Tipping points for catastrophic fire 

5. Fire as a stewardship tool 
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SETTING 

The Study areas (Fig. 1) were chosen according to two criteria: 

¶ Places where communities and/or natural resources are at risk from wildfire. 

¶ Places where long-term vegetation records are available 

A comparative summary of the characteristics of each study area is included in Table 1 below.  A map showing 

the locations of the four study areas is shown in Figure 1. on the following page. Individual maps of each study 

ŀǇǇŜŀǊ ƛƴ ōƻǘƘ ǘƘŜ Ψ{ŜƭŜŎǘŜŘ wŜǎǳƭǘǎΩ ǎŜŎǘƛƻƴ ŀƴŘ ǘƘŜ Ψ/ƻƳǇǊŜƘŜƴǎƛǾŜ wŜǎǳƭǘǎ ōȅ {ǘǳŘȅ !ǊŜŀΩ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ 

Appendix. 
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Figure 1. Study Area Regional Map 
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METHODS and MATERIALS 

The landscape covered in this report was identified as a high priority by CAL FIRE and defined as άǇƭŀŎŜǎ ƛƴ ǿƘƛŎƘ 

ǎǇŜŎƛŦƛŎ ŀŎǘƛƻƴǎ Ŏŀƴ ōŜ ǘŀƪŜƴ ǘƻ ǊŜŘǳŎŜ Ǌƛǎƪ ǘƻ ŀ ŦƻǊŜǎǘ ŀǎǎŜǘΦέ ¢ƘƻǎŜ ŀŎǘƛƻƴǎ ƛƴŎƭǳŘŜΥ wŜŘǳŎƛƴƎ ²ƛƭŘŦƛǊŜ wƛǎƪǎ ǘƻ 

Ecosystem Services; Restoring Fire Damaged Areas; and Reducing Wildfire Threat to Communities. This study 

highlights areas at particular risk of wildfire but is not intended to be a definitive study of vegetation and wildfire 

for the region. By the same token, even within the relatively limited area of this study (about 5% of Lake, Napa 

and Sonoma Counties) there are significant differences between study areas.  

INDIGENOUS WISDOM (Traditional Ecological Knowledge) 
Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 

5) Fire as a stewardship tool 

Clint McKay (Dry Creek Pomo, Wappo, Wintun) spent several hours at Pepperwood recounting his knowledge of 

cultural burning. A relative of well-known culture keepers Mabel McKay (Cache Creek Pomo) and Laura Somersal 

ό²ŀǇǇƻΣ 5Ǌȅ /ǊŜŜƪ tƻƳƻύΣ /ƭƛƴǘΩǎ ƪƴƻǿƭŜŘƎe of cultural burning practices extends in an unbroken lineage all the 

way back to pre-European settlement days. His experiences growing up on the Dry Creek Rancheria near 

Healdsburg included direct, first-hand experience with cultural burning. With his multi-ǘǊƛōŀƭ ōŀŎƪƎǊƻǳƴŘΣ /ƭƛƴǘΩǎ 

ancestry extends to three of the study areas: Napa East, Sonoma-Napa and Sonoma West. 

Another source of Indigenous knowledge was Edward Redbird Willie (Pomo, Paiute, Wintu and Wailaki), 

Stewardship Coordinator at Heron ShadowΣ ŀ Ψ.ƛƻŎǳƭǘǳǊŀƭ hŀǎƛǎΩ ƴŜŀǊ DǊŀǘƻƴ ƻǿƴŜŘ ŀƴŘ ǘŜƴŘŜŘ ōȅ ǘƘŜ /ǳƭǘǳǊŀƭ 

Conservancy. During an on-site tour, Redbird shared his perspective on cultural burning and directed me to 

several online videos in which he spoke about cultural burning. The Director of Heron Shadow, Sara Moncada 

(Yaqui/Irish), also contributed her thoughts and perspectives during the on-site tourτincluding the ongoing 

story of how Heron Shadow has been working with their neighbors to bring cultural burning back to the land. 

Several attemǇǘǎ ǿŜǊŜ ƳŀŘŜ ǘƻ ŎƻƴǘŀŎǘ ŀƴ ŜƭŘŜǊ ŀǘ ǘƘŜ aƛŘŘƭŜǘƻǿƴ wŀƴŎƘŜǊƛŀ όtƻƳƻύΣ ǿƘƻǎŜ ǇŜƻǇƭŜΩǎ ŀƴŎŜǎǘǊŀƭ 

homelands include the Lake study area. Unfortunately, these were unsuccessful as of the close of the project. As 

cultural burning practices were somewhat varied from place to place, it should be acknowledged that the 

information in this report is in no way complete for the region, and the lack of contact with the Middletown 

Rancheria is a potentially significant gap. 

An observation by Clint McKay regarding Douglas fir distribution was corroborated with changes recorded in the 

historical data. These results are included in a section of the Discussion. 

HISTORICAL RECORD 

Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 3) 

Minimizing emissions, maximizing sequestration; 4) Tipping points for catastrophic fire; 

5) Fire as a stewardship tool 

Past efforts which informed this project include: the Sonoma Veg Map (Sonoma County 2017); the Napa Veg 

Map (Napa County 2016); Marin County Historical Wildfire Mapping Project (Dawson 2022); Historical Fire, 

Vegetation & Change Analysis Project, Bouverie Preserve (Dawson 2019); Estimating Vegetation Reference 

Conditions by Combining Historical Source Analysis and Soil Phytolith Analysis at Bouverie Preserve (Evett et. al. 

2012. Published in Restoration Ecology); Historical Vegetation Upland Pilot Project (Dawson 2014a); and others 

in the region. 
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The approaches used in this study to characterize historical vegetation, map wildfire perimeters in the pre-CAL 

FIRE era, and to integrate vegetation and fire patterns were largely developed during the efforts mentioned 

above. This study extends that work by covering a broader geographical area, tapping into the Indigenous 

wisdom (Traditional Ecological Knowledge) of local tribes, utilizing previously unused sources (such as the Soil-

Veg maps), and developing trajectories for timber harvest recovery to compare with recovery from wildfire. 

Data was collected from a variety of online and physical archives. These historical data sources were digitized 

and mapped using Geographic Information Systems. Quantitative results and summaries are provided in tabular 

(see Ψ{ŜƭŜŎǘŜŘ wŜǎǳƭǘǎΩ ŀƴŘ Ψ!ǇǇŜƴŘƛŎŜǎΩ). 

MAPPING and MEASURING VEGETATION CHANGE 
Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 

3) Minimizing emissions, maximizing sequestration; 4) Tipping points for catastrophic fire; 

5) Fire as a stewardship tool 

Tracking vegetation ŎƘŀƴƎŜǎ ƻǾŜǊ ƭƻƴƎ ǇŜǊƛƻŘǎ ƻŦ ǘƛƳŜ ǊŜǉǳƛǊŜǎ άǘǊŀƴǎƭŀǘƛƴƎέ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ǳǎƛƴƎ ŘƛŦŦŜǊŜƴǘ 

methods and for various purposes into common categories to create a consistent and transparent basis for 

comparing change over time. Vegetation data sources include:  

¶ General Land Office surveys (predominantly 1860s/70s) 

¶ ±ŜƎŜǘŀǘƛƻƴ ¢ȅǇŜ aŀǇǎ ƻǊ ±¢aǎ όмфнуΣ мфонΦ ŀƪŀ ΨWieslander ƳŀǇǎΩύ 

¶ Soil-Vegetation Maps (1950s/60s) 

¶ Wildlife Habitat Relationship Maps (1993) CA Dept. of Fish and Wildlife 

¶ Sonoma County Vegetation Map (2013) 

¶ Napa County Vegetation Map (2016) 

(Note that these dates refer to when the data was collected, not necessarily when it was released. This is 

important for calculating rates of change following a disturbance occurring at a specific point in time.) 

Developing a consistent and transparent approach for comparing these half-dozen data sets required distilling 

the data through the following two filters: 

1) Sort the data into five main categories. Because vegetation in all eras ǿŀǎ ǊŜŎƻǊŘŜŘ Ψƛƴ order of 

ǇǊŜŘƻƳƛƴŀƴŎŜΣΩ όǉǳƻǘŜ ŦǊƻƳ ǘƘŜ муру ǎǳǊǾŜȅ Ƴŀƴǳŀƭύ ƛǘ Ŏŀƴ ōŜ ǎƻǊǘŜŘ ƛƴǘƻ ǘƘŜ [ƛŦŜŦƻǊƳ ƎǊƻǳǇǎ 

herbaceous, shrublands and woodlands used in the Manual of California Vegetation (MCV; CNPS 2007).- 

hǊΣ ǿƘŜǊŜ ǘƘƻǎŜ Ŧŀƭƭ ǎƘƻǊǘΣ ǘƘŜ ŀŘŘƛǘƛƻƴ ƻŦ ΨIǳƳŀƴΩ ŀƴŘ ΨhǘƘŜǊΩ ŎƻǾŜǊǎ ŀƭƭ ǘƘŜ Řŀǘŀ ŎƻƭƭŜŎǘŜŘ ǘƘǊƻǳƎƘƻǳǘ 

the study period. 

2) Where possible, sort the data further into forest types identifiable in all eras (see MCV 2009 and 

Ψ±ŜƎŜǘŀǘƛƻƴ /ǊƻǎǎǿŀƭƪΩ ƛƴ !ǇǇŜƴŘƛȄ ŦƻǊ ƳƻǊŜ ŘŜǘŀƛƭύ. 

All the data collected over the study period was sorted into these categories, as shown and described in Table 1 

on the following page, which provided the primary framework for analyzing vegetation patterns and change 

over time. These large categories minimize error when comparing vegetation over a long timespan. It is assumed 

that the data collectors in all time periods could distinguish between these main categories. Identifying 

vegetation alliances and associations from the historical data is much more uncertain and thus more prone to 

error and misinterpretation.  
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TABLE 2. Vegetation Categories applicable to all data 
MAIN CATEGORIES SUB-

CATEGORIES 
MCV DEFINITIONS 

(CNPS 2009; pgs.51-55) 
EXAMPLES 

WOODLANDS  ά¢ǊŜŜǎ ŜǾŜƴƭȅ ŘƛǎǘǊƛōǳǘŜŘ ŀƴŘ 
ŎƻƴǎǇƛŎǳƻǳǎέ (MCV category I) 

 

 Conifers ά5ƻƳƛƴŀǘŜŘ ōȅ ŎƻƴƛŦŜǊǎέ  
(MCV sub-category пΩΦ уΩύ 

Douglas fir; 
Knobcone Pine 

 Hardwoods ά5ƻƳƛƴŀǘŜŘ ōȅ ŜǾŜǊƎǊŜŜƴ ƻǊ 
winter deciduous hardwood trees, 
or conifers may be associated with 
them and co-ŘƻƳƛƴŀƴǘΦέ 
(MCV sub-category пΩΦ уΦύ 

Oak, Madrone, 
Alder 

SHRUBLANDS  ά²ƻƻŘȅ ǎƘǊǳōǎ ƻǊ ǎǳō-shrubs 
ŎƻƴǎǇƛŎǳƻǳǎέ (MCV category II) 

Chamise; Manzanita 

HERBACEOUS  άbƻƴ-woody herbaceous 
ǾŜƎŜǘŀǘƛƻƴ ŘƻƳƛƴŀƴǘέ 
(MCV category III) 

Native and non-
native grassland, 
e.g. bunchgrass, 
Avena spp. 

HUMAN  Human footprint dominant 
(no MCV definition) 

Vineyards, 
Orchards, roads, 
structures 

OTHER  Lack of vegetation dominant 
(no MCV definition) 

²ŀǘŜǊΣ ǊƻŎƪǎΣ ƻǊ Ψƴƻ 
ŘŀǘŀΩ 

Vegetation data for 1993 to the present (WHR, Sonoma Veg Map, Napa Veg Map) was readily available in GIS as 

polygon shapefiles. Likewise, the Wieslander Vegetation Type Maps (VTM) had already been digitized and 

brought into GIS with original attributes as well as Wildlife-Habitat Relationship maps (WHR) and MCV 

classifications. Processing the Soil-Veg maps and the General Land Office surveys (GLO) required laborious 

ΨƘŜŀŘǎ ǳǇΩ ŘƛƎƛǘƛȊƛƴƎτdrawing the polygons by hand on screen (or lines and points for the surveys) and 

attributing each feature with the original data. 

Once the vegetation record for each study area was brought into GIS, the data was made into maps (see 

Ψ{ŜƭŜŎǘŜŘ wŜǎǳƭǘǎΩύ ŀǎ ǿŜƭƭ ŀǎ ǘŀōƭŜǎΦ ¢ƘŜ Ψ/ǊŜŀǘŜ wŜǇƻǊǘΩ ŦŜŀǘǳǊŜ ƛƴ DL{ ǿŀǎ ŀƴ ŜǎǎŜƴǘƛŀƭ ǘƻƻƭ ŦƻǊ ŎƻƳǇiling all the 

data into a form that could be easily input into the tables. 

The most current vegetation maps were all produced before the most recent catastrophic fires. In Sonoma 

county, these maps pre-date the Nunns and Walbridge Fires by 4-7 years respectively; in Napa East, the Atlas 

CƛǊŜ ōȅ Ƨǳǎǘ м ȅŜŀǊΤ ŀƴŘ ƛƴ [ŀƪŜ ŎƻǳƴǘȅΣ ǘƘŜ ±ŀƭƭŜȅ CƛǊŜ ōȅ нн ȅŜŀǊǎΦ ²Ŝ ŘƻƴΩǘ ȅŜǘ ƘŀǾŜ ŀƴ ƻǾŜǊǾƛŜǿ ƻŦ Ƙƻǿ ǘƘŜ 

land has and will respond in present time. An update of the Sonoma Veg map is underway, which will provide a 

look at about 5-7 years of recovery. 

The name of trees and shrubs vary somewhat over the study period, with the most variation being in the early 

surveys. Discrepancies could usually be resolved by researching historical names (e.g. Ψ/ƘŜƳƛȊŀƭΩ ŦƻǊ /ƘŜƳƛǎŀƭ ƻǊ 

Adenostoma fasciculatum, or Madroño for Madrone. see Vegetation Crosswalk in Appendix). Cases which could 

not be resolved to the species level could still be slotted into lifeform categories or better, allowing changes to 

be detected at a coarser level.  

Mapping resolution varies widely over the study period (Table 3) and was accounted for during the change 

analysis. The intent of this study was to identify the most significant shifts in vegetation, while conserving as 
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much detail as possible. To avoid creating the impression of a higher degree of accuracy than actually exists, 

percentages of vegetation cover were rounded to the nearest whole number.  

TABLE 3. Vegetation Data Mapping Resolution 

 
 
 
 

STUDY 
AREA 

 
MAPPING RESOLUTION 

Average acres/polygon 
 

*GLO: = Total Acres/#Survey points + Line Descriptions 
ҐŀŎǊŜǎ ǇŜǊ Řŀǘŀ ΨōƛǘΩ 

GLO* 
c. 1870 

VTM 
1928, 1932 

Soil-Veg 
c. 1950, 1965 

WHR 
1993 

Veg Maps 
2013, 2016 

LAKE 42.9 145.1 45.9 10.9  

SONOMA WEST 41.3  68.8 15.6 3.2 

SONOMA-NAPA 29.0 115.2  20.1 5.9 

NAPA EAST 
 

49.2 155.7  9.2 7.5 

AVERAGE 45.6 138.7 57.4 14.0 4.6 

The uncertainties associated with the 19th-century survey data (GLO) present a unique challenge that has been 

addressed in previous work (Dawson 2014a). Mapping vegetation from the survey record requires accounting 

for the known biases in the choice of bearing trees (hardwoods over conifers); the unbiased but less precise line 

descriptions, while also accounting for the proportion of actual bearing trees to the number that would have 

been marked if they had been available. Every mile of survey line was supposed to have 6 trees marked (four at 

the section corner and two at the quarter-section corner), if possible. Sometimes only one or two trees were 

marked and in many cases the surveyors had to build a cairn instead of marking a tree. The lack of bearing trees 

was interpreted to indicate shrub or grass at those sites rather than woodland όƻǊ ΨǊƻŎƪΩ ƻǊ ΨōŀǊǊŜƴΩ ƛŦ ǿŀǊǊŀƴǘŜŘ 

by nearby data). Sites that were consistently recorded as shrublands in later years were assumed to be the same 

for the early surveys. The percentage of marked trees to the total number possible was considered the most 

accurate measure of woodland cover in the GLO data. Trees <уέ ŘƛŀƳŜǘŜǊ ƳŀǊƪŜŘ ŀƭƻƴƎ ǎǳǊǾŜȅ ƭƛƴŜǎ ŘŜǎŎǊƛōŜŘ 

as shrublands were designated as shrubs. 

Figures for the resolution of the GLO surveys may not be directly comparable to the other periods, due to the 

way this data was collected and recorded. However, it does indicate the level of detail with which the land was 

surveyed. Accounting for the accuracy of these surveys (see Evett et. al. 2012 and Dawson 2014a), and the 

distances bearing trees were located from survey points (in both cases < 3 chains = 60 m or ~200 feet), we 

roughly estimate that the 19th century surveys recorded about 25% of the landscape at some level of detail. 

Little or no detail should be assumed for the remaining 75%. 

CƻǊ ŀƴ ŜȄǘŜƴǎƛǾŜ ŘƛǎŎǳǎǎƛƻƴ ŀōƻǳǘ ǳǎƛƴƎ ǘƘŜ Řŀǘŀ ŦǊƻƳ ǘƘŜ D[h ǎǳǊǾŜȅǎΣ ǎŜŜ ǘƘŜ άIƛǎǘƻǊƛŎŀƭ ±ŜƎŜǘŀǘƛƻƴ aŀǇǇƛƴƎ 

¦ǇƭŀƴŘ tƛƭƻǘ tǊƻƧŜŎǘέ ό5ŀǿǎƻƴ нлмпa). Available at https://sonomaopenspace. egnyte.com/dl/fNMHZANzqD 

It is widely held that the State of California planted Knobcone pines, Harding grass and perhaps other species as 

a way of reducing erosion and reseeding forestlands after the 1964 Nunns, Hanley, and probably other fires. 

Some of this is said to have been done by broadcasting seeds from airplanes. While there is no reason to doubt 

this, and it seems quite plausible, no primary historical records have been located to support this. Botanical 
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records going back to the early 20th ŎŜƴǘǳǊȅ ǎƘƻǿ YƴƻōŎƻƴŜ ǇƛƴŜ ǿƛǘƘƛƴ ǘƘŜ мфсп bǳƴƴǎΩ ǇŜǊƛƳŜǘŜǊ ŘŜŎŀŘŜǎ 

before that fire. 

It also seems quite likely that commercial species of conifer, particularly Ponderosa pine and Douglas fir, would 

have been planted after timber harvest occurred in Lake and perhaps in Sonoma-West as well. Boggs State 

Forest is currently restoring forest that was burned in the 2015 Valley fire by planting these species (CAL FIRE 

2023). This effort is not reflected in the vegetation data used in this study because the most recent vegetation 

map for the area was made in 1993. 

MAPPING HISTORICAL FIRE EXTENT and FREQUENCY 
Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 3) Minimizing 

emissions, maximizing sequestration; 4) Tipping points for catastrophic fire; 5) Fire as a stewardship tool 

Highly accurate CAL FIRE perimeters going back to the 1940s were used for the latter part of the historical 

record. Drawing perimeters for fires preceding the CAL FIRE era required using the data from narrative accounts 

in newspapers and other sources. With the exception of the Lake study area, such accounts were accessed 

online from the California Digital Newspaper Collection at www.cdnc.ucr.edu/. 

As historical newspapers for Lake county are not yet digitized, data development required visually scanning 

microfilm at the Lakeport Library. Because headlines were not used for Lake County newspapers before 1900, 

locating early fire data required visually scanning large blocks of text. The large volume of newspaper data 

combined with poor image quality, made it important to prioritize time periods. Consequently, most of the pre-

1900 period was skipped. With a few exceptions, the Lake county fire record begins in 1909. 

Historical maps were essential to georeferencing early fire perimeters because old ranch names, bridge 

crossings and place names from the newspaper reports could be located and used for mapping on 

contemporary maps. Fire characteristics, including location and extent, were tabulated. A rubric for assigning 

confidence levels for location and extent (high, medium and low) to these historical fire polygons was developed 

and applied as an attribute to each perimeter (see Appendix). Each fire was also entered in a table for each 

study area with columns for extent, date, weather conditions (if known), and the dates of previous fires within 

the perimeter. 

¢ƘŜ ΨhǾŜǊƭŀȅΩ ǘƻƻƭ in GIS was used to create shapefiles that divided up each study area into polygons drawn 

according to how many times ŜŀŎƘ ŀǊŜŀ ƘŀŘ ōǳǊƴŜŘ όǎŜŜ ΨCƛǊŜ IƛǎǘƻǊȅΩ ƳŀǇǎ ƛƴ Ψ{ŜƭŜŎǘŜŘ wŜǎǳƭǘǎΩ). This made the 

following features visible, which were classified into the following categories (one per study area): 

      ΨCǊŜǉǳŜƴǘ .ǳǊƴ ½ƻƴŜǎΩ (FBZs), defined and delineated according to three criteria: 

1) An area that had burned substantially more often than other parts of the study area. 

2) Was a single, contiguous polygonτnot a scattering of polygons. This allowed FBZs to be evaluated 

as a single landscape unit. 

3) Had at least one discrete date when the whole FBZ burned, which could be used to track post-fire 

vegetation change over time. 

 ΨwŀǊŜ .ǳǊƴ ½ƻƴŜǎΩ(RBZs), which were delineated according to two criteria: 

1) Areas that had burned less often than elsewhere in the study area (usually never). 

2) Were contiguous, allowing them to be evaluated as single landscape units. 

Up through the mid-20th century, ranchers sometimes burned rangeland, woodland and chapparal to clear brush 

and create forage for livestock (Sampson 1944). These fires were almost always undocumented unless they 

http://www.cdnc.ucr.edu/
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ŜǎŎŀǇŜŘ ŀƴŘ ōǳǊƴŜŘ ŀ ƴŜƛƎƘōƻǊΩǎ ǇǊƻǇŜǊǘȅΦ ²ƘƛƭŜ ǘƘŜǎŜ ŦƛǊŜǎ ǳƴŘƻǳōǘedly had some effect on the overall fire 

history, not enough is known to assess the effect. 

MAPPING HISTORICAL TIMBER HARVEST EXTENT 
Applies as an alternative disturbance for comparison to: 2) Fire frequency and vegetation patterns 

The discovery of a мфнс ƳŀǇ ƻŦ Ψ/ǳǘ-ƻǾŜǊ wŜŘǿƻƻŘ [ŀƴŘǎΩ όWeber 1926), along with additional historical 

ōŀŎƪƎǊƻǳƴŘΣ ŀƭƭƻǿŜŘ ŀ ΨTimber Harvest ZoneΩ(THZ) to be delineated in the Sonoma West study area and 

evaluated as a separate landscape unit. ¢ƘŜ ƳŀǇǇƛƴƎ ƻŦ Ψ.ŀǊǊŜƴΩ ǾŜƎŜǘŀǘƛon units in the Lake study area in 1950, 

just after a large commercial logging operation finished, ǎǳƎƎŜǎǘŜŘ ǘƘŀǘ ǘƘƛǎ ǿŀǎ ŀƭǎƻ ŀ ΨTimber Harvest ½ƻƴŜΦΩ 

MAPPING and QUANTIFYING VEGETATION RESPONSE TO FIRE and DISTURBANCE 
Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 3) Minimizing 

emissions, maximizing sequestration; 4) Tipping points for catastrophic fire; 5) Fire as a stewardship tool 

Once all the vegetation, fire, and logging data had been brought into GIS, they were integrated by using the FBZ, 

RBZ and THZ ǇƻƭȅƎƻƴǎ ǘƻ ŎƭƛǇ ǘƘŜ ǾŜƎŜǘŀǘƛƻƴ ǊŜŎƻǊŘ ŦƻǊ ŜŀŎƘ ŀǊŜŀ ŀƴŘ ǘǊŀŎŜ ŎƘŀƴƎŜǎ ƻǾŜǊ ǘƛƳŜΦ ¢ƘŜ Ψ/ǊŜŀǘŜ 

wŜǇƻǊǘΩ ǘƻƻƭ ƛƴ DL{ ǿŀǎ ǳǎŜŘ ǘƻ ƛƴǾŜƴǘƻǊȅ ǘƘŜǎŜ landscapes by choosing an attribute, such as vegetation alliance 

or similar, and directing the tool to calculate the ǘƻǘŀƭ ŀŎǊŜŀƎŜ όŜΦƎΦ Ψ5ƻǳƎƭŀǎ ŦƛǊ ²ƻƻŘƭŀƴŘΣ млно ŀŎǊŜǎΩ ŜǘŎΦύ. This 

compiled data was used to complete tables and track the changes for each study area, FBZ or other sub area 

(see Appendix).  

9ŀŎƘ ǎǘǳŘȅ ŀǊŜŀ ŀƴŘ ƛƴŘƛǾƛŘǳŀƭ ȊƻƴŜ ǿŀǎ ŀƭǎƻ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ǿƛǘƘ ǘƘŜ Ψ{ǳƳƳŀǊƛȊŜ 9ƭŜǾŀǘƛƻƴΩ ǘƻƻƭ ƛƴ DL{Σ ǿƘƛŎƘ 

also produced measurements for slope aspect and steepness. Distance from the coast was measured from the 

centroid for each polygon to the nearest point on the coast. The Sonoma-Napa study area was evaluated as a 

whole and, for some analyses, divided into the Sonoma-Napa (Napa portion) east of the county line and the 

Sonoma-Napa (Sonoma portion) west of the line (the county line is on the ridge divide) 

EMISSIONS and SEQUESTRATION 
Applies to: 3) Minimizing emissions, maximizing sequestration 

Emissions and sequestration were investigated through an extensive literature search and communications with 

experts in the field. Estimates were attempted based on calculated post-fire rates of vegetation change, for 

above and below ground biomass at various points in the fire cycle, but a lack of data prevented these from 

being finalized. However, the information collected suggested a general approach and qualitative answer to this 

question. 

TIPPING POINTS FOR CATASTROPHIC FIRE (ADDENDUM) 

Applies to: 4. Tipping points for catastrophic fire 

As this was not included in the original research plan, we combined additional Methods as well as Results and 

Discussion in a separate addendum.  

Despite the large number of recent catastrophic fires in Lake, Napa, and Sonoma counties, the historical fire 

record indicated that such fires could be expected to recur in the same places only about once every 40 - 100 

years. This suggested creating  criteria ŦƻǊ ΨŎŀǘŀǎǘǊƻǇƘƛŎ ŦƛǊŜǎΩ ōŀǎŜŘ ƻƴ ǘƘŜƛǊ ǳƴǳǎǳŀƭ ǎƛȊŜ όΨŎŀǘŀǎǘǊƻǇƘƛŎΩ ǿŀǎ 

ŎƘƻǎŜƴ ƻǾŜǊ ΨƭŀǊƎŜΩ ǘƻ ŀŎƪƴƻǿƭŜŘƎŜ ǘƘŜ ƘǳƳŀƴ ƛƳǇŀŎǘ ƻŦ ǘƘŜǎŜ ŎƻƴŦƭŀƎǊŀǘƛƻƴǎύ ŀƴŘ ƛƴǾŜǎǘƛƎŀǘƛƴƎ ǿƘŜǘƘŜǊ ƻƴŜ ƻǊ 

more tipping points for these events could be identified. 
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We looked at wind speed, humidity, fuel configuration and temperature as possible tipping points. Wind speed 

was tracked over the course of the 2017 Nunns and Tubbs fires. Criteria was developed from the literature to 

ƛŘŜƴǘƛŦȅ ΨǿƛƴŘ-ŘǊƛǾŜƴΩ ŦƛǊŜ ŎƻƴŘƛǘƛƻƴǎ ŦǊƻƳ ΨŦǳŜƭ-drƛǾŜƴΩ ŦƛǊŜ ŎƻƴŘƛǘƛƻƴǎΦ ah5L{ ƘŜŀǘ ƳŀǇǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ƳŀǇ ǘƘŜ 

ŦƛǊŜ ǎǇǊŜŀŘ ŘǳǊƛƴƎ ǘƘŜǎŜ ŜǾŜƴǘǎ ŀƴŘ ΨǇŜǊŎŜƴǘ ǿƛƴŘ-driven vs. percent fuel-ŘǊƛǾŜƴΩ ǿŀǎ ŎŀƭŎǳƭŀǘŜŘ όōŜƭƻǿ ŀ 

threshold of 30 kph wind speed, humidity and temperature alone are not considered sufficient to create 

extreme fire behavior) 

The possibility of a tipping point related to fuel configuration was investigated by estimating the percent 

woodland cover within these fire perimeters, based on recent vegetation maps and established rates of change. 
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SELECTED RESULTS 

Since Indigenous wisdom (TEK) preserves the knowledge of fire practices and vegetation patterns which 

preceded modern vegetation patterns and fire regimes, a summary of conversations with Clint McKay (Wappo, 

Pomo, Wintun), Edward Redbird Willie (Pomo, Paiute, Wintun and Wailaki) and Sara Moncada (Yaqui/Irish) is 

included at the beginning of this section. It is intended to serve as a framework for considering the results of the 

historical research. The Appendix contains the complete notes from these contacts.  

These conversations particularly inform three lines of inquiry: 1) Relationship of vegetation, fire, and people; 2) 

Fire frequency and vegetation patterns; 5) Fire as a stewardship tool 

The maps, pie charts and tables that follow (pages 23-48), which were developed from the historical record, are 

arranged by study area. They provide an overview of vegetation, fire, and timber harvest patterns during the 

study period (c. 1870 ς 2020) and primarily apply to: 1) Relationship of vegetation, fire, and people; 2) Fire 

frequency and vegetation patterns; 4) Tipping points for catastrophic fire.  

¢ƘŜ ǾŜƎŜǘŀǘƛƻƴ ƳŀǇǎ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ŀǎ ŦƻǳǊ ΨǎƴŀǇǎƘƻǘǎΣΩ ǊƻǳƎƘƭȅ ŎƻǊǊŜǎǇƻƴŘƛƴƎ ǘƻΥ  

Á Late 19th century 

Á Early to mid-20th century 

Á Late 20th century 

Á Early 21st century  

The precise years vary according to the available data. Pie charts are included to facilitate visualization of the 

changes and for ready comparison across time periods and between study areas. 

Fire history is combined into a single map for each study area, delineating zones of different fire frequencies. 

Frequent Burn Zones (FBZs) and Rare Burn Zones (RBZs) are highlighted in these maps. 

Timber Harvest Zones (THZs) were mapped from available sources and shown for the Lake and Sonoma West 

study areas. 

Integrated fire and vegetation history are tracked with maps, pie charts and tables for each FBZ and RBZ. These 

follow the same timeline as the vegetation ΨǎƴŀǇǎƘƻǘǎΩ ƳŜƴǘƛƻƴŜŘ ŀōƻǾŜ. Vegetation changes within the THZs 

are covered in the same way. 

Calculated rates of vegetation change in response to fire and timber harvest, or in the absence of these 

disturbances accompany the relevant maps. 

Results for the distribution of certain species, which are not covered the Selected Results, are included in the 

relevant Discussion sections. These species include Douglas fir, California Bay, and California Black oak. 

 ! ƭŀŎƪ ƻŦ ǉǳŀƴǘƛǘŀǘƛǾŜ Řŀǘŀ ǘƻ Ŧǳƭƭȅ ŀŘŘǊŜǎǎΥ άІоύ aƛƴƛƳƛȊƛƴƎ ŜƳƛǎǎƛƻƴǎΣ ƳŀȄƛƳƛȊƛƴƎ ǎŜǉǳŜǎǘǊŀǘƛƻƴέ led to it being 

left out of the quantitative results. However, this line of inquiry, viewed against the background of vegetation 

change, suggests interesting possibilities and avenues for further research. 

Complete tabulated results can be found in the Appendix. 
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INDIGENOUS WISDOM 
 

Key points from ŎƻƴǾŜǊǎŀǘƛƻƴǎ ǿƛǘƘ /ƭƛƴǘ aŎYŀȅΣ {ŀǊŀ aƻƴŎŀŘŀ ŀƴŘ 9ŘǿŀǊŘ άwŜŘōƛǊŘέ ²ƛƭƭƛŜ: 

¶ Current conditions of vegetation and catastrophic fire are the result of the land not being cared for 

properly. 

¶ In Indigenous culture, fire is considered a member of the community, far older and wiser than we are. 

¶ Cultural burning was intended to benefit all forms of life. 

¶ Burning was a community activity. 

¶ Burning was done for basket materials, for food and to create travel corridors between villages.  

¶ There was no burning calendar. Close observance of the landscape indicated when to burn. 

¶ Redbud and elderberry were burned every three or four years, after annual harvest. 

¶ The area under a black oak might be burned every couple of years, around late Aug. This makes the 

acorns easier to gather when they fall, and fire also knocks back acorn worms. 

¶ Burning encouraged the growth of plants and also kept the ground clean. 

¶ Chaparral was tended to especially benefit deer, which use it for forage and cover. Once it gets to be six 

ƻǊ ŜƛƎƘǘ ŦŜŜǘ ƘƛƎƘΣ ƛǘΩǎ ƘŀǊŘŜǊ ŦƻǊ ǘƘŜ ŘŜŜǊ ǘƻ ǊŜŀŎƘ ǘƘŜ ƴŜǿ ƎǊƻǿǘƘΣ ǎƻ ƛǘΩǎ ōǳǊƴŜŘ ŀǘ ǘƘŀǘ ǇƻƛƴǘΦ 

¶ ¢ƘŜǊŜ ǿŜǊŜ ƴƻ ǇŀǊǘƛŎǳƭŀǊ ΨŦƛǊŜ ǎǇŜŎƛŀƭƛǎǘǎΦΩ 9ǾŜǊȅƻƴŜ ǘŜƴŘŜŘ ǘƘŜ ǊŜǎƻǳǊŎŜǎ ǘƘŜȅ ǿŜǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜΦ .ŀǎƪŜǘ 

weavers burned willows and sedges. Hunters burned chaparral, particularly chamise and leather oak, to 

provide forage for the deer they were going to hunt.  

¶ The landscape was tended on a small scale. A couple people could handle a burn under a Black oak 

when conditioƴǎ ǿŜǊŜ ǊƛƎƘǘΦ !ƴ !ǳƎǳǎǘ ōǳǊƴ ǊŜǉǳƛǊŜŘ ǿŀƛǘƛƴƎ ŦƻǊ ŀ ƳƻǊƴƛƴƎ ǿƛǘƘ άŀ ƭƛǘǘƭŜ ƳƛǎǘΣ ŀ ƭƛǘǘƭŜ 

ŘŜǿ ƻƴ ǘƘŜ ƭŜŀǾŜǎΦέ 

¶ Larger areas of up to a couple hundred acres were also burned. Travel corridors exceeded this size. 

¶ Cultural burns were started at the bottom of hills and burned toward the top. Ridgetops make a natural 

ŦƛǊŜ ōǊŜŀƪΦ /![ CLw9Ωǎ ŎƻƴǘǊƻƭƭŜŘ ōǳǊƴǎ ŀǊŜ ǘƘŜ ƻǇǇƻǎƛǘŜ ŀƴŘ ōŀŎƪƭƛǘ ŘƻǿƴƘƛƭƭΦ 

¶ The way Traditional Ecological Knowledge looks on the ground may sometimes feel at odds with how it 

ǎŜŜƳǎ ǿƘŜƴ ƛǘΩǎ ƳƻǊe hypothetical. 

¶ Before contact, there were more oak woodlands and savannah. Douglas fir were on the peaks and 

ridges. California Bays were in the low places, not canyons exactly, but little drainages that were a little 

cooler than the surrounding area. 

¶ The decline of cultural burning happened seven generations back counting from the current younger 

generation. 

 

Complete notes in the Appendix. 
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HISTORICAL RECORD 

Selected results from the historical research, including maps, pie charts and tables are shown on the following 

pages (23-48). The map below is identical to the one on page 12 and is included here for ease of reference.
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Figure 2. Sonoma-Napa Study Area, Vegetation Lifeformsτ1872 - 2016 
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Figure 3. Sonoma-Napa Study Area, Lifeform Comparison by Countyτ1867-2016 
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Figure 4. Sonoma-Napa Study Area, Fire History: 

Documented Firesτ1870 - 2020 

 

 

 

 

 

 

 

 

 

 

 

 

Average Fire Return Intervals within known fire perimeters  

(areas without documented fires not included in calculations) 

Whole Study Area:   52.9 years, median = 42.0 years   

    1-2 fires average 

Frequent Burn Zone:   28.6 years, median = 28.0 years  

    4-5 fires average 

Napa County:   53.4 years, median = 35.0 years  

    1-2 fires average 

Sonoma County :     55.1 years, median = 44.0 years  

    2-3 fires average 

 

Township & Range Lines: 

1 mile x 1 mile grid 
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Figure 5. Sonoma-Napa Study Area, Frequent Burn Zone (FBZ) Lifeformsτ1877-2013 
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Table 4. Sonoma-Napa, FBZ, Lifeform Cover by Date and Rate of Change 
 LIFEFORM, % COVER, by date 

(1964 & 2017 = estimated, 
immediately preceding major fire) 

!bb¦![ w!¢9 hC /I!bD9 όɲύ 
by era 

!bb¦![ w!¢9 hC /I!bD9 όɲύ 
by years post fire 

 1877 
circa 

1932 1993 2013 1964 
(est) 

2017 
(est) 

1867-1932 1932-1993 1993-2013 9-29  29-49  

Herbaceous 0 0 1 5 3 6 0 0.02    0.2 0.05 0.2 

Shrub 56 73 27 13 19 10 0.31 -0.75   -0.7 -2.3 -0.7 

Conifer 4 3 31 30 31 30 -0.02 0.46    -0.02 1.4 -0.02 

Hardwood 40 23 38 48 44 50 -0.31 0.25    0.5 0.75 0.5 

Human/Other 0 1 3 4 3 4 0 0.04   0.05 na na 
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Figure 6. Sonoma-Napa Study Area, Rare Burn Zone (RBZ) Lifeformsτ1867-2016 
NO DOCUMENTED LARGE FIRES 
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Table 5. Sonoma-Napa, RBZ, Lifeform Cover by Date and Rate of Change 
LIFEFORM, % COVER 

by date 
ANNUAL RATE OF CHANGE (ɲ) 

by era 

 c. 1867 1932 1993 2016 1877-1932 1932-1993 1993-2016 

Herbaceous 0 1 3 2 0.02 0.03 -0.04 

Shrub 64 33 16 11 -0.48 -0.28 -0.22 

Conifer 0 1 19 20 0.02 0.3 0.04 

Hardwood 29 55 53 59 0.4 -0.03 0.26 

Human/Other 7 10 8 8 0.05 -0.03 0 
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Figure 7. Sonoma-West Study Area, Vegetation Lifeforms, 1867 - 2013 
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Figure 8. Sonoma West Study Area, Fire History: 

Documented Firesτ1902 - 2020 

  

 

 

 

 

 

 

 

 

 

 

# Fires, % of Study Area  

Average Fire Return Intervals within known fire perimeters  

(areas without documented fires not included in calculations)  

Whole Study Area:    36.4 years, median = 27.0 years 

                             1-2 fires average 

Frequent Burn Zone:    26.4 years, median = 43.5 years 

                             3-4 fires average 

 Timber Harvest Zone    50.0 years, median = 45.0 years  

                          <1 fire average  
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Figure 9. Sonoma West Study Area, Frequent Burn Zone (FBZ) Lifeformsς1867 - 2013 
              MAJOR FIRES IN 1917, 1929, 1933, 1959, 2020 (Red = 100% FBZ burned) 
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Table 6. Sonoma West, FBZ, Lifeform Cover by Date and Rate of Change 

 LIFEFORM, % COVER, by date 
(2020 = estimated, immediately preceding 

major fire) 

!bb¦![ w!¢9 hC /I!bD9 όɲύΣ 
by years post fire 

(era) 

 1965 1993 2013 2020 
(est) 

6-34 
(1965 ς 1993) 

34-54 
(1993 ς 2013) 

Herbaceous 3 2 2 2 -0.02 0 

Shrub 47 17 7 4 -1.1 -0.5 

Conifer 4 20 56 69 0.6 1.8 

Hardwood 44 60 33 23 0.6 -1.4 

Human/Other 2 1 1 1 na na 
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Figure 10. Sonoma West Timber Harvest Zone (THZ): Intensive Logging, c. 1875 ς 1915 
Note: this zone includes the Rare Burn Zone for the Sonoma West study area. Because timber harvest was a 

significant disturbance, this zone is being evaluated through that lens rather than as a Rare Burn Zone (RBZ). 
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Figure 11. Sonoma West Timber Harvest Zone (THZ) Lifeformsτ1867 - 2013 
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Table 7. Sonoma West, THZ, Lifeform Cover by Date and Rate of Change 
  

LIFEFORM, % COVER, by date 
 

ANNUAL RATE OF CHANGE (ɲ), 
by era & years post harvest 

c. 1895 = average harvest date 

 c. 1867 1965 1993 2013 1867 - 1965 
Pre-harvest to 
early recovery 

1965 ς 1993 
c. 70 - 100 years 

post harvest 

1993 ς 2013 
c. 100 -120 years post harvest 

Herbaceous 1 3 2 3 0.02 -0.04 0.05 
Shrub 13 1 1 1 -0.12 0 0 
Conifer 52 10 54 66 -0.55 1.6 0.5 
Hardwood 17 61 20 19 0.4 -1.6 0.05 
Human/Other 1 26 22 11 0.26 -0.1 -0.6 
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Figure 12. Lake Study Area, Vegetation Lifeforms, 1873 - 1993 
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Figure 13. Lake Study Area, Fire History: 
Documented Firesτ1874 - 2020 

 

 

 

 

 

 

 

Figure 14. Lake Study Area, Frequent Burn Zone (FBZ) Lifeformsς1873 - 1993 

Frequent Burn Zone (FBZ) 
3-5 Fires 

No documented burn: 
16% 

Average # fires: 
2-3 

Rare Burn Zone (RBZ) 
0 fires 

 

Average Fire Return Intervals  

within known fire perimeters  

(areas without documented fires not included in calculations)  

Whole Study Area:   39.0 years, median = 29.0 years 

                             1-2 fires average 

Frequent Burn Zone:  26.4 years, median = 26.0 years 

                             3-4 fires average 
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MAJOR FIRES in: 1874, 1909, 1915, 1922, 1944, 1951, 2015 (Red = 100% FBZ burned) 
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Figure 15. Lake Study Area, Frequent Burn Zone (FBZ) Post fire Shrub Transitions, 1950 - 1993 
 

 

 

 

 

 

 

 

 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 8. Lake FBZ, Post fire Shrub Transitions, Lifeform by Date and Rate of Change 
 LIFEFORM, % COVER 

by date 
ANNUAL RATE OF CHANGE (ɲ) 

6 ς 49 years post fire 
 c. 1950 1993  

Chamise 33 <1 -0.77 

Mixed Chaparral: 
Manzanita & Quercus 
spp. 

 
67 

 
45 

- 
0.51 

Conifer 0 38 0.88 

Hardwood 0 16 0.37 

Other 0 1 .020 

1993 

49 years post fire 

 

c.1950: 

6 years post fire 

 
Township & Range Lines 

1x1 mile grid 
Other Mixed Chaparral: 

Manzanita & Quercus spp. 

Pie charts only 

Chamise & Mixed 

Chaparral 

 Pie chart & Map 

Conifer Hardwood 

c. 1950 
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Figure 16. Lake Study Area, Rare Burn Zone (RBZ) Lifeformsτc. 1866 - 1993 
NO DOCUMENTED LARGE FIRES. SOME TIMBER HARVEST, 1940S. 
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Table 9. Lake Study Area, RBZ, Lifeform Cover by Date and Rate of Change 

 LIFEFORM % COVER, by date ANNUAL RATES OF CHANGE (ɲ), % cover of Study Area 

 1866* 1928 c. 1950 1993  1866 ς 1928 1928 - c. 1950 c. 1950 - 1993 

Herbaceous 6 11 13  2 0.08 0.09 -0.26 

Shrub 3 2 8 1 -0.02 0.27 -0.16 

Conifer 89 86 36 57 -0.05 -2.27 0.49 

Hardwood <1 <1 21 34 0 0.95 0.30 

Human 1 <1 6 6 0 0.23 0 

Other: Unknown, Water, or Barren 0 <1 15 <1 0 0.68 -0.35 
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Figure 17. Napa East Study Area, Vegetation Lifeforms, 1863-2016 
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Figure 18. Napa East Study Area, Fire History: 

Documented Fires: 1879-2020 
 

 

 

 

 

 

 

 

Average Fire Return Intervals within known fire perimeters  

(areas without documented fires not included in calculations)  

Whole Study Area:    38.6 years, median = 38.0 years 

                             2-3 fires average 

        Frequent Burn Zone:     26.8 years, median = 24 years 

                             4-5 fires average 

        Rare Burn Zone:            68 years, median = 68 years 

1-2 documented fires 
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Figure 19. Napa East Study Area, Frequent Burn Zone (FBZ), 1863-2016 
FIRES in 1913, 1936, 1959, 1960, 1968. 1981, 2012, 2013, 2017 (red years > 80% of FBZ burned) 
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Table 10. Napa East, FBZ, Lifeform Cover by Date and Rate of Change 

 LIFEFORM % COVER, by date 
 

ANNUAL RATES OF CHANGE (ɲ), % cover of Study Area 
 

 C. 1863* 1932 1993 2016  1863 ς 1932 1932-1993 1993-2016 

Herbaceous 2 1 9 7 -0.07 0.13 -0.09 

Herb. or Shrub 
(uncertain) 

15 0 0 0 NA NA NA 

Shrub 30 40 34 35 -0.03 -0.1 0.04 

Conifer 0 0 1 1 0 0.02 0 

Hardwood 50 55 43 43 0.07 -0.2 0 

Human 2 5 5 7 0.04 0 0.09 

Other: Water, 
Open or Barren 

0 0 6 6 0 0.1 0 
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Figure 20. Napa East Study Area, Rare Burn Zone (RBZ) Lifeforms, 1876-2016 
Burned in 1913 and 1981. 
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Table 11. Napa East, RBZ, Lifeform Cover by Date and Rate of Change 

 LIFEFORM % COVER of RBZ, by date 
 

ANNUAL RATE OF CHANGE (ɲ), % cover of Study Area 
 

 c. 1876* 1932 1993 2016  1876 ς 1932 1932-1993 1993-2016 

Herbaceous 2 4 3 2 0 -0.02 -0.02 

Herb. or Shrub 
(uncertain) 

3 0 0 0 NA NA NA 

Shrub 61 59 45 41 -0.04 -0.23 -0.17 

Conifer 0 0 0 1< 0 0 <0.01 

Hardwood 31 31 30 30 0.02 -0.02 0 

Human 4 5 21 26 0 0.26 0.22 

Other: Water, 
Open or Barren 

0 0 <1 <1 0 -0.02 0 



 

DISCUSSION 
 

FIRE and VEGETATION UNDER INDIGENOUS STEWARDSHIP 
 

ά[ƛǎǘŜƴ ǘƻ ǘƘŜ ƭŀƴŘΣ ƛǘ ǿƛƭƭ ǘŜƭƭ ȅƻǳ ǿƘŀǘ ƛǘ ƴŜŜŘǎΦέ 

--Clint McKay (Wappo, Pomo, Wintun) 

 

Applies to: 1) Relationship of vegetation, fire, and people; 

2) Fire frequency and vegetation patterns; 5) Fire as a stewardship tool 

Indigenous stewardship should be considered within a cultural context with a completely different world view 

than the mainstream culture. At the root, this is perhaps the most important lesson we can receive from Native 

people. If we want things to be different in the future, we will need to begin by considering alternative 

approaches to fire and vegetation and our relationship with them. Conversations with several Indigenous elders 

led me to reflect on a number of ideas: 

¶ Fire and vegetation are entities with their own agendas. 

¶ Their ŀƎŜƴŘŀǎ ŘƻƴΩǘ ƴŜŎŜǎǎŀǊƛƭȅ ŀƭƛƎƴ ǿƛǘƘ ƻǳǊǎΦ 

¶ Human knowledge and control are limited, so humility is wise and appropriate. 

¶ Rather than seeking control, ask: what is the appropriate role of human beings in the landscape? 

This may include: 

o Tending or stewardship 

o Helping maintain a balance among living things 

¶ Decisions are based on observation rather than by the calendar. 

¶ Human health and sustenance depend on the health of everything else. 

¶ Long-term thinking creates generational wealth. 

Bullet points cannot capture the nuance and depth of these ideas and may even be misleading. The spoken 

word is considered the most trustworthy source of knowledge. It should be noted that these are not the direct 

words of any of the Indigenous elders I spoke with. L ŘƻƴΩǘ believe any of them would claim to speak for 

someone elseΦ L ŘƻƴΩǘ ƛƴǘŜƴŘ ǘƻ Řƻ ǘƘŀǘ ŜƛǘƘŜǊΣ ōǳt hope to pass along a little of the wisdom and perspective 

they gifted to me and ask forgiveness for any mistakes or misrepresentations. 

As mentioned in the Introduction, Redbird, the Stewardship Coordinator at Heron Shadow, upon seeing the 

ƳŀǇǎ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ǘƻƭŘ ƳŜ ǘƘŀǘ άǘƘƛǎ ƛǎ ǿƘŀǘ ǘƘis ǇƭŀŎŜ ƭƻƻƪǎ ƭƛƪŜ ǿƘŜƴ ƛǘΩǎ ƴƻǘ ōŜƛƴƎ ǘŜƴŘŜŘ ǇǊƻǇŜǊƭȅΦέ WƻǎŜ 

Altimira (as founder of the Sonoma Mission, colonized the traditional lands of the Coast Miwok, Wappo, Pomo 

and other Indigenous peoples), provides a glimpse of how the land was being tended when he arrived in 1823: 

άώǘƘŜ Ƙƛƭƭǎϐ ǿŜǊŜ ǎƻƻƴ ǘƻ ōŜ ōǳǊƴŜŘ ƻŦ ǘƘŜ ƭƻƴƎ ƎǊŀǎǎ ōȅ ǘƘŜ LƴŘƛŀƴǎ ǿŜ ƳŜǘΦέ Without realizing it, he goes on to 

ŘŜǎŎǊƛōŜ ǘƘŜ ǊŜǎǳƭǘ ƻŦ ǘƘŀǘ ǘŜƴŘƛƴƎΣ άǘƘŜ ǇƭŀŎŜ ƛǎ ōŀǊŜ ƻŦ ǘƘƛŎƪ ǿƻƻŘǎέ (Smilie 1976). What Altimira is describing is 

a cultural landscape, one shaped by Indigenous practices carried out and refined over many thousands of years. 

Cultural burning was integral to that landscape, an expression of those practices. Just as wildfire is an integral, 

though unwelcome part of our own cultural landscape. 

Cultural burning was widely used by Indigenous peoples in California (Stephens et. al. 2007). Clint aŎYŀȅΩǎ 

people occupied three of the four study areas--Napa East, Sonoma-Napa and Sonoma West. He described the 

difference between cultural burning and controlled or prescriptive burning as coming down to who it was 

intended to benefitτ"human beings or all living things on the land?έ Burning was practiced at a very fine scale. 

There were no particular fire specialists. Everyone burned the resources they were going to useτbasket 

weavers burned willows and sedge beds, hunters burned the chaparral to provide forage for deer.  
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Clint said that there used to be a lot more redbud and hazel, which were burned to encourage growth. As was 

elderberry. Cultural burning acted as a pesticide and kept the ground clean. Burning was also used to keep travel 

corridors open. Such corridors existed between the Dry Creek area and the coast, over to Alexander Valley and 

across the northern flank of Kanamota (Mt. St. Helena) to the Middletown area and Clear Lake.  

Ridgetops, like those at Pepperwood, also served as travel corridƻǊǎΦ /ƭƛƴǘΩǎ ǇŜƻǇƭŜ ƭƛǾŜŘ ƻƴ ŜƛǘƘŜǊ ǎƛŘŜ ŀƴŘ 

would burn uphill from both sides. Burning from the base of a slope up tended to push the Douglas fir to the 

tops of the ridges and kept them from coming down into the valleys. Bays trees tended to be in low places that 

were cooler than the surrounding area (he remarked that they seem to be adapting to a different climate and 

ǎƘƻǿƛƴƎ ǳǇ ƛƴ ƘƻǘǘŜǊΣ ƳƻǊŜ ƻǇŜƴ ŀǊŜŀǎΣ ǘƘƻǳƎƘ ǘƘŜȅ ŘƻƴΩǘ ǎŜŜƳ ǇŀǊǘƛŎǳƭŀǊƭȅ ƘŜŀƭǘƘȅύΦ 

Clint said their goal for burning included the well-being of plants and animals as well as people. They tended 

chaparral especially for the deer, who use it for forage and cover. There was no set schedule for burning, it 

ŘƛŘƴΩǘ Ǝƻ ōȅ ǘƘŜ ŎŀƭŜƴŘŀǊΣ ōǳǘ ǊŀǘƘŜǊ ŦǊƻƳ ƻōǎŜǊǾŀǘƛƻƴΦ hƴŎŜ /ƘŀƳƛǎŜΣ [ŜŀǘƘŜǊ ƻŀƪ ŀƴŘ ƻǘƘer chaparral plants 

ƎŜǘ ǘƻ ōŜ ǎƛȄ ƻǊ ŜƛƎƘǘ ŦŜŜǘ ƘƛƎƘΣ ƛǘΩǎ ƘŀǊŘŜǊ ŦƻǊ ǘƘŜ ŘŜŜǊ ǘƻ ǊŜŀŎƘ ǘƘŜ ƴŜǿ ƎǊƻǿǘƘΣ ǎƻ ƛǘ ǿƻǳƭŘ ōŜ ōǳǊƴŜŘ ŀǘ ǘƘŀǘ 

point. 

The area under a black oak might be burned every couple of years, typically in late August. This was partly to 

make the acorns easier to gather when they fell in the autumn, and fire also knocked back the acorn worms. 

¸ƻǳΩŘ ǿŀƛǘ ŦƻǊ ŀ ƳƻǊƴƛƴƎ ǿƛǘƘ ŀ ƭƛǘǘƭŜ ƳƛǎǘΣ ŀ ƭƛǘǘƭŜ ŘŜǿ ƻƴ ǘƘŜ ƭŜŀǾŜǎΦ Lǘ ǿŀǎ ǎƳŀƭƭ ǎŎŀƭŜτa couple people could 

handle it. They also burned areas as large as a hundred or two hundred acres. He heard that near Lytton Springs 

there were huge beds of clover and places that supported wild onions and carrots. 

The GLO surveys used in this study were mostly done in the 1860s and 1870s, with a few going back to as early 

as 1853. There are reports of cultural burning going on at some scale in the Russian River Valley in 1851 

(Marryat 1855) and probably elsewhere in the region. The surveys represent vegetation as it was near the end of 

extensive tending by Indigenous peoples, or just after. It should be kept in mind that the GLO surveys only 

covered the boundaries of Mexican land grants and the areas outside themτso a detailed record of the valley 

floors is largely missing. But for the uplands, they are an unmatched source of early vegetation data. 

In contrast to modern times, the surveys recorded extensive shrublandsτfrom 35% in Lake to over 50% in Napa 

East (see pg. 54. Grasslands constituted only a few percent of the landscape). At the time of the most recent 

vegetation maps, shrublands had declined by 15 ς 75% from their 19th-century extent (depending on the study 

area). One of the conclusions from the historical records is that presence and extent of shrublands are closely 

linked to the frequency of fire. The only known factor which would account for the extensive shrublands 

recorded in the GLO surveys is the prevalence of cultural burning in the decades before the surveys. 

Fire also accounts for another pattern seen in the early survey data--the fact that Douglas fir were not 

particularly common. The ones that were present were mostly restricted to the ridgetops. Clint attributed this to 

the practice of burning from the bottom of a slope up, which tend to keep seedlings from becoming established 

on the downhill slope. The top of the ridge acted as a natural fire break where Douglas fir seedlings were able to 

establish themselves (see pg. 57 for more on this). Large, old Douglas firs still growing on the upper ridges of 

Pepperwood and elsewhere, may be a remnant of this pattern. 
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REGIONAL FIRE PATTERNS, 1870 -2020 
Applies to: 2) Fire frequency and vegetation patterns; 4) Tipping points for catastrophic fire 

As the maps show in the Selected Results section, there is a wide variation in fire histories both within each 

study area and among them. Variation in fire histories is shown below (Figure 21). The number (#) of fires refers 

to the average number of times a location within the study area was likely to burn, adjusted for the differing 

lengths of the fire records (which ranged from 118 years to 150 years). The Sonoma-Napa study area was 

divided into two portions along the ridgeline, which is also the border of the two counties. This was done to 

highlight the difference in fire histories between these adjacent areas and the similarity between Napa East and 

the Sonoma-Napa (Sonoma) portion. 

 

LANDSCAPE VARIABLES 

Several landscape variables were found to be associated with the fire history of each area: 

 

Distance inland was the 

most significant factor 

tested (Fig. 22. Linear 

trendline) 
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 Slope aspect was the second most significant factor in explaining the variability in fire history (Figure 23), with 

ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ {ƻƴƻƳŀ ²ŜǎǘΦ 9ǾŜƴ ǘƘƻǳƎƘ {ƻƴƻƳŀ ²ŜǎǘΩǎ ŀǎǇŜŎǘ ƛǎ Ƨǳǎǘ ǘǿƻ ŘŜƎǊŜŜǎ ŦǊƻƳ ŘƛǊŜŎǘƭȅ ǎƻǳǘƘΣ this 

orientation is presumably cancelled out by its position near the coast, where conditions are generally wetter and 

ŎƻƻƭŜǊ όƛƴŎƭǳŘƛƴƎ {ƻƴƻƳŀ ²Ŝǎǘ ŘǊƻǇǎ ǘƘŜ ǘǊŜƴŘƭƛƴŜΩǎ Ǌ-squared value to an insignificant 0.0072). 

 

Removing Sonoma West from the mix and once again considering Sonoma-Napa as two distinct landscapes 

separated by a ridge, shows a strong correlation between slope aspect and fire history (linear trendline): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Slope steepness showed a negative relationship (r-squared = 0.68) with the number of fires. The steepest study 

area is Sonoma West, whose fire history appears to be strongly influenced by its proximity to the coast. 

Likewise, the Sonoma-Napa (Napa) subarea is also steep, but its burn history seems to be more determined by 

slope aspect than steepness.  Because of these apparently overriding influences as well as the fact that the 

range in steepness among the study areas is small (between 15 and 24 degrees), we concluded that slope 

steepness is not a significant factor in the variability in fire history. 
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FREQUENT and RARE BURN ZONES 

The fire histories of the Frequent Burn Zones (FBZs) are more similar to each other than they are to their 

surrounding study areas (Figure 24). On average, slopes in the FBZs are slightly steeper (4°), higher elevation 

όҌрсоΩύΣ ŀƴŘ ƳƻǊŜ ǎƻǳǘƘ-facing (by 15°) than their associated study area. However, there are substantial 

variations and exceptions to these general characteristics and it was not possible to make definitive 

generalizations about their position within the landscape. 

 

 
 

Frequent Burn Zones are where the most dynamic vegetation cycles take place. This is covered in the following 

section. 

 

As might be expected, the characteristics of Rare Burn Zones (RBZs) are the reverse of the FBZs: on average 

being slightly gentler (6°), lower elevation (-ноуΩύΣ ŀƴŘ ƳƻǊŜ ƴƻǊǘƘ-facing (by 32°), though there are exceptions 

to these general characteristics. The average number of documented fires in the RBZs is zero, with the exception 

of the Napa East RBZ, where the average # of fires is 1.6 (adjusted for the length of the fire record). 
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REGIONAL VEGETATION PATTERNS: 1870 ς 2020 
Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 3) Minimizing 

emissions, maximizing sequestration; 4) Tipping points for catastrophic fire; 5) Fire as a stewardship tool 

 

SHRUBLAND DECLINE 

¶ One of the most significant trends over the 150-year study period was a steep decline in chaparral: 

o Sonoma West:  27% τ 2%.  (c. 1867 ς 2013; early value +8%) 

o Sonoma-Napa:  43% τ 13%  (c. 1871 ς c. 2015; early value +4%) 

o Lake:    36% τ 24%  (c. 1872 ς 1993; early value +4%) 

o Napa East:   54% τ 35%  (c. 1863 ς 2016; early value +9%) 

o Average:   40% τ 19% (c. 1870 ς c. 2010) 

¶ Shrublands were largely replaced by hardwood and conifer woodlands. In Napa, vineyards replaced 

some of the shrublands. 

¶ Fire attenuates this trend for periods of time in some places (note shrubland extent in Figure 2 for 

Sonoma-Napa, nine years after the 1923 Nunns Fire) during the Fire-Shrub-Woodland-Fire Cycle 

described on page 63. Shrubs are often the dominant vegetation during the initial decades following 

fire. 

 

 

WOODLAND EXPANSION 

¶ There has been a general increase in woodland, with the average area with woodland growing from 

about 53% to 63% of each study area up until 1993, when the most recent vegetation map was made for 

Lake. 

¶ In the wake of heavy logging between 1875 and 1915, Sonoma West actually increased its tree cover 

from 61% to 87% over the study period, and from 67% to 87% woodland just between the 1960s and 

2013, representing a 30% increase in area (Fig. 25) 

¶ Sonoma-Napa likewise saw an increase from 52% to 72% (a 40% increase in area) over the 150-year 

study period (Fig. 26) 

¶ Like Sonoma West, the Lake study area saw impacts from logging. While some occurred in the late 19th 

century, the most significant harvest was in the 1940s. Between 1950 and 1993 (the most recent record) 

[ŀƪŜΩǎ ǿƻƻŘƭŀƴŘ ŎƻǾŜǊ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ оф҈ ǘƻ су҈ όŀ 74% increase in area), returning it to a forest 

extent comparable to what existed before timber harvest, though the proportion of hardwood in 1993 is 

probably substantially higher than it was in the 19th century (Fig 27). 

¶ No evidence was found for commercial logging in Sonoma-Napa or Napa East. 

¶ Napa East may be an exception, showing 7% less woodland cover than in 1932, though possibly a slight 

increase since the 19th century, depending how the early survey data is interpreted (Fig.28). As the most 

fire-prone and driest study area, with major wildfires in 1965, 1981 and 2017, conditions in Napa East 

may make it difficult for extensive woodland to become established. 

 

 

(Splines in Figures 25-28 ǿŜǊŜ ŘǊŀǿƴ ǿƛǘƘ ǘƘŜ ά{ƳƻƻǘƘƛƴƎέ ŦǳƴŎǘƛƻƴ ƛƴ 9ȄŎŜƭΣ ǳǎƛƴƎ ŀ .ŜȊƛŜǊ {ƳƻƻǘƘƛƴƎ 

Algorithm. Points shown are the actual data points.) 
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Figure 25. Sonoma West, % Woodland Cover
1867-2013
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Figure 26. Sonoma-Napa, % Woodland Cover
1871-2015
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Figure 28. Napa East, % Woodland Cover
1863-2016
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Figure 27. Lake, % Woodland Cover--1872-1993 
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Douglas Fir Expansion 

One of the more notable characteristics recorded by the 19th-century surveys, when compared with the 

landscape of the last few decades, is the nominal presence of Douglas fir. While they seem to have been avoided 

as bearing trees, perhaps due to concerns they would be cut for lumber, they are also relatively uncommon in 

the line descriptions, which were free of such bias. Surveyors were instructed to record vegetation in these 

descriptions in ΨƻǊŘŜǊ ƻŦ ŀōǳƴŘŀƴŎŜΩ and there is no known reason to believe Douglas fir would not have been 

recorded if they were, in fact, there. 

 

 

 

 

 

 

 

 

 

 

 

 

Clint McKay (Dry Creek Pomo/Wappo/Wintun), as a keeper of Traditional Ecological Knowledge or TEK for much 

of project area, stated that in pre-white settlement times Douglas fir was mostly found high up, άƻƴ ǘƘŜ ǇŜŀƪǎ 

and ridges.έ He attributed this to the practice of burning slopes from the bottom up, which restricted the 

downhill expansion of Doug fir. He also mentioned thatΥ άPepperwoodΩǎ ǊƛŘƎŜǘƻǇǎ ǿŜǊŜ ǳǎŜŘ ŀǎ ŀ ǘǊŀŦŦƛŎ ŎƻǊǊƛŘƻǊ 

ŦƻǊ ǇŜƻǇƭŜ ŀƴŘ ŀƴƛƳŀƭǎέ whose open character was maintained by cultural burning. Such a burn pattern would 

have also tended to exclude Douglas fir from some of the highest elevations. Given that by the late 19th-century, 

5ƻǳƎ ŦƛǊΩǎ extent was no longer being limited by cultural burning, it would have begun expanding mostly 

downslope. But there would also have been some room to expand upslope. 

With the exception of Napa East, all study areas showed Douglas fir expanding in area since the early or mid-20th 

century (Fig. 29). While not symbolized separately in the Results section, Douglas fir is a major component of the 

Conifer forest shown in these maps (see Table A-4 on page A-10 in the Appendix for an overview of this shift). 

See vegetation tables in the Appendix for the percent of Doug fir cover). Coverage in the late 19th-century 

appears to have been on the order of 1-4% in these areas. Coverage in Napa East appears to have been close to 

0% until after 1932. This was corroborated by a multi-generational resident of Napa East (Manfree 2023). 

All areas except Napa East showed Douglas fir expanding its elevational range by муллΩ ό{ƻƴƻƳŀ ²Ŝǎǘύ ǘƻ орллΩ 

(Lake). The expansion in both cases was primarily downhill. Graphs and detailed results for each area are 

covered below. Over the study period, slope aspects on which Douglas fir were recorded expanded from one or 

two directions to all eight cardinal and intermediate directions. 
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Figure 29. Change in Douglas Fir Cover
1928 - 2013
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Sonoma-Napa 

On the east (Napa) side of the study area, Douglas Fir expanded its elevational range from about 1500 feet in the 

late 19th century to about 2200 feet in 2013. On the West (Sonoma) side, the expansion was more rapid, 

ƛƴŎǊŜŀǎƛƴƎ ŦǊƻƳ срлΩ ƛƴ ǘƘŜ мфth century to over 2000Ω ƛƴ нлмоΣ ŦƻǊ ŀƴ ŀǾŜǊŀƎŜ ƻŦ фΦсΩ ŀƴƴǳŀƭƭȅ όFig. 30). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Throughout the Sonoma-Napa study area, downhill expansion of Douglas fir has been about twice as fast 

downhill as uphillτŀōƻǳǘ оΦрΩ ǾǎΦ мΦтΩ ŀƴƴǳŀƭƭȅ. 

The speed of downhill expansion appears to have been fastest in the earlier part of the study period, 1871 ς 

мфонΣ ǿƘŜƴ ǘƘŜ ǊŀǘŜ ƛǎ ŜǎǘƛƳŀǘŜŘ ŀǘ рΦфΩκȅŜŀǊΦ ¢ƘŜ ǎǇŜŜŘ ǎƭƻǿŜŘ ƛƴ the mid-20th century, 1932-1993, to 

нΦнΩκȅŜŀǊΣ ŀƴŘ ŀƎŀƛƴ ǘƻ лΦуΩ ȅŜŀǊ ōŜǘǿŜŜƴ мфф3 and 2013. 

The speed of downhill Doug fir expansion appears to have been substantially faster on the west side of the study 

area (Sonoma County) than on the east side (Napa County). 
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Figure 30. Douglas Fir Elevation Shift
Sonoma-Napa East--1870 - 2013
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Sonoma West 

Like the Sonoma-Napa and Lake Study Areas, Sonoma West also saw Douglas fir expanding downhill over the 

study period. Unlike those areas, up through the 1960s there was no uphill expansion, but a downhill shift of the 

upper edge of Doug fir woodland. This situation might be attributed to the impact of logging up through that 

time, as well as the loss of trees in wildfires. 

CƻƭƭƻǿƛƴƎ ǘƘŜ мфслǎΣ 5ƻǳƎƭŀǎ ŦƛǊ ŜȄǇŀƴŘŜŘ ǊŀǇƛŘƭȅ ǳǇƘƛƭƭΣ ŀƴŘ ǿŀǎ ǊŜŎƻǊŘŜŘ ƻƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΩǎ ǳǇǇŜǊƳƻǎǘ 

ridges by 1993. The rate of uphill expansion appears to have been several times that of the other study areas. 

By 2000, Douglas fir had expanded to the highest and lowest elevations in the study area. 
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Figure 31. Douglas Fir Elevation Shift
Sonoma West--1867-2013
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Lake 

Like the Sonoma-Napa and Sonoma-West Study Areas, the Lake Study Area also saw Douglas fir expanding 

downhill over the study period. In this case, uphill expansion was only a little slower than downhill. Douglas fir 

reached about 90% of its current elevational range by 1928.  

5ƻǳƎ ŦƛǊΩǎ ŀǇǇŀǊŜƴǘ ƳƻǾŜƳŜƴǘ ŘƻǿƴƘƛƭƭ ǎƛƴŎŜ мф50 Ƙŀǎ ōŜŜƴ ǾŜǊȅ ǎƭƻǿΣ ŀǘ ƭŜǎǎ ǘƘŀƴ ƻƴŜ Ŧƻƻǘ ǇŜǊ ȅŜŀǊ όлΦуΩύΦ ¢Ƙƛǎ 

is similar to that seen in the Sonoma-Napa Study Area, where recent expansion has also been under one foot 

ǇŜǊ ȅŜŀǊ όлΦтΩ ƻƴ ǘƘŜ Ŝŀǎǘ ǎƛŘŜΣ лΦ9 on the west).  
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Figure 32. Douglas Fir Elevation Shift, Lake--1872-1993
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California Bay Expansion 

¶ In the Napa East, Sonoma-Napa and Sonoma West areas, California Bay were present but not abundant 

in the 19th century. They do not appear at all in the record for Lake. Early surveys only rarely recorded 

.ŀȅǎ ŜƛǘƘŜǊ ŀǎ ōŜŀǊƛƴƎ ǘǊŜŜǎ ƻǊ ƛƴ [ƛƴŜ ŘŜǎŎǊƛǇǘƛƻƴǎΣ ǿƘƛŎƘ ǊŜŎƻǊŘŜŘ ǾŜƎŜǘŀǘƛƻƴ ƛƴ ΨƻǊŘŜǊ ƻŦ ŀōǳƴŘŀƴŎŜΦΩ 

This absence strongly suggests they were not abundant at that time (see Vegetation tables in the 

Appendices for each Study Area). 

¶ Vegetation data suggests an increase in California Bay over the study period. In Sonoma West, Bay 

quadrupled (4X) in area between the 1960s and 2010s. The increase in other study areas is less 

conclusive due to Bay ōŜƛƴƎ ƭǳƳǇŜŘ ƛƴǘƻ ǘƘŜ ΨaƻƴǘŀƴŜ IŀǊŘǿƻƻŘΩ ŎŀǘŜƎƻǊȅ ƛƴ нлth century surveys. 

 

 

 

 

 

 

 

BLACK OAK DECLINE 

¶ Black oaks are known to be in decline over much of California (Hammett et. al. 2017; Long et. al 2017). 

This decline has been tied to fire suppression in the 20th century and the cessation of cultural burning by 

Indigenous peoples. 

¶ At the time the 19th-century surveys were made, Indigenous tending of Black oaks had only recently 

come to a close or been severely reduced. Not surprisingly, Black oaks are a significant presence in the 

early surveys, representing about 15% of the all the 19th-century bearing trees included in this study 

(148/986).  

¶ Black oak presence ranged from 8% of bearing trees in Lake and Sonoma West, to 18% in Napa East, to 

34% for Sonoma-Napa (iǘΩǎ ǳƴƪƴƻǿƴ ƛŦ ǎǳǊǾŜȅƻǊǎ preferred this species over other oaks). In later 

ƳŀǇǇƛƴƎΣ .ƭŀŎƪ ƻŀƪǎ ǿŜǊŜ ƻŦǘŜƴ ƭǳƳǇŜŘ ƛƴǘƻ ΨaƻƴǘŀƴŜ IŀǊŘǿƻƻŘΣΩ ΨaƻƴǘŀƴŜ IŀǊŘǿƻƻŘ-/ƻƴƛŦŜǊΣΩ ŀƴŘ 

ΨaƛȄŜŘ hŀƪΩ ŎŀǘŜƎƻǊƛŜǎ ό!ƴŘŜrson 1993, McDonald 1993, MCV 2009), obscuring their subsequent 

history. 

¶ .ƭŀŎƪ ƻŀƪΩǎ ǾŀǊȅƛƴƎ ŘƛǎǘǊƛōǳǘƛƻƴ Ƴŀȅ ǊŜŦƭŜŎǘ ōƻǘƘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŦŀŎǘƻǊǎ ŀƴŘ ǘƘŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƻŦ 

Indigenous peoples. As .ƭŀŎƪ ƻŀƪǎ ŀǊŜ ŀ ΨŎǳƭǘǳǊŀƭ ƪŜȅǎǘƻƴŜ ǎǇŜŎƛŜǎΩ ǘƘŀǘ ǿŜǊŜ όŀƴŘ ǎǘƛƭl are) tended 

accordingly, it would be expected to find more Black oaks where high concentrations of Indigenous 

people as are believed to have been living in Napa and Sonoma Valleys before 19th-century settlement 

(compared to Sonoma West and Lake). The relationship may well have gone both ways, with people 

choosing to live near Black oak woodlands and Black oaks prospering under Indigenous stewardship. 
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VEGETATION RESPONSE TO FIRE 

Fire-Shrub-Woodland-Fire Cycle 

The most dynamic vegetation changes occur in the Frequent Burn Zones (FBZs) of Sonoma-Napa, Sonoma West 

and Lake study areas. Over a period of 40 to 60 years, vegetation swings back and forth between being primarily 

shrubland to primarily woodland, with wiƭŘŦƛǊŜ ŀŎǘƛƴƎ ŀǎ ǘƘŜ ΨǊŜǎŜǘ ōǳǘǘƻƴΩ ƻƴ ǘƘŜ ǎǳŎŎŜǎǎƛƻƴŀƭ ŎƭƻŎƪΦ Vegetation 

history and fire history are especially closely linked in these areas. 

Immediately after a fire, shrubs, particularly chamise, quickly become the dominant lifeform, covering from half 

to three-quarters of these FBZs. As years pass without fire, woodlands begin replace the shrublands. By 2013, 

forty-nine years after the 1964 fire, woodlands covered 78% of the Sonoma-Napa FBZ, having replaced 

shrublands at an annual rate of 1.30%. After the 2017 Nunns Fire, the area again reverted to shrubland (Dawson 

2018), thus presumably beginning another cycle. 

Vegetation in the Sonoma West FBZ shows a similar response, being 47% shrub at six years post fire, declining to 

7% shrub 54 years after a fire. Woodlands increased during this time from 48% to 90%, for a replacement rate of 

0.88%/year. The Lake FBZ shows a similar pattern: at 6 years post fire, 50% was ŘŜǎƛƎƴŀǘŜŘ ǎƘǊǳō ƻǊ ΨōŀǊǊŜƴΩ ŀƴŘ 

41% woodland. Forty-three years later, shrublands were reduced to 21%, while woodlands covered 77% of the 

landscapeτgiving an annual replacement rate of shrubland by woodland of 0.84%.  

Going one step further, we clipped out the post-fire shrublands in these FBZsτthat is areas with 100% shrub in 

the first decade after a fire. Tracking change revealed an even more rapid succession, with woodland replacing 

shrublands at the rate of 3.25%/year (Sonoma-Napa), 2.4 %/year (Sonoma West), and 1.26%/year (Lake). The 

rate of replacement declines with time, going down to only 0.5% in Sonoma-Napa and Sonoma West (Lake lacks 

the data to track this metric). 

This agrees with the findings of many researchers that fire has many ecosystem benefits, including promoting 

the creation of biomass (productivity) by replenishing soil fertility and reducing competition (California Air 

Resources Board 2021). Chamise and Manzanita have been shown to grow most quickly in the first 8-10 years 

after fire, with growth tapering off after that (Sampson 1944). Clint McKay stated that his people would burn 

chaparral when it grew too high for the deer to browse easily, which may have more or less coincided with early 

post-fire period. 

The speed of this transition also points out the potential for error when using vegetation maps more than a few 

years old for analysis. Within a ten-year time frame, shrublands declined by up to 1/3 while woodlands 

increased by a similar amount. 

The fire vegetation cycle in the Napa East FBZ is nearly non-existent compared to the other three areas, 

remaining more or less in a steady state between 12 and 35 years post fire. Clipping out just the 1993 

shrublands (12 years post fire) reveals weak evidence for the fire-shrub-woodland cycle, with woodland 

replacing shrub at an annual rate of just 0.13%.  

An extensive literature search was unable to locate other studies or documentation of the fire-shrub-woodland-

fire cycle. 
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While the general pattern of woodlands replacing shrublands holds true in all four study areas (if weakly in Napa 

East), the patterns vary considerably: 

Sonoma-Napa: Hardwoods (oaks, madrone and bay, in order of abundance) replace shrublands about twice as 

fast as conifers. Likewise, the rate of replacement by knobcone pine was more rapid than for Douglas fir, though 

this could have been enhanced by active seeding after the 1964 fire (Fig. 33). 

Sonoma-West: Similar to Sonoma-Napa, Hardwoods initially replaced shrublands more rapidly than conifers in 

the first few decades after a fire. However, by 54 years post fire, conifers covered twice as much area as 

hardwoods, with Douglas fir and redwoods taking up about equal portions (Fig. 34). 

Lake: By 49 years post-disturbance (possibly a combination of fire and timber harvest) conifers had replaced 

shrublands at more than twice the rate of hardwoods (Lake lacks any earlier data). Forest types, in order of 

abundance, are Klamath Mixed Conifer, Closed-Cone Pine Cypress and Douglas fir. It is unknown if any post fire 

or post harvest planting was done (Fig. 35). 

Napa East: Woodlands replaced shrublands very slowly between 1993 and 2016 (12 to 35 years post fire). These 

were all hardwood speciesτno conifers were recorded (No figure. See Appendix). 
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Figure 33. Sonoma-Napa FBZ Lifeform Transitions
9-49 Years Post Fire
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Figure 34. Sonoma West FBZ Lifeform Transitions
6-54 Years Post Fire
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VEGETATION RESPONSE TO TIMBER HARVEST 

The 1950 Soil-±ŜƎ ƳŀǇ ŦƻǊ ǘƘŜ [ŀƪŜ ǎǘǳŘȅ ŀǊŜŀ ƛƴŎƭǳŘŜǎ фсрр ŀŎǊŜǎ ŘŜǎƛƎƴŀǘŜŘ ŀǎ Ψ.ŀǊǊŜƴΩ ŦƻǊ ǾŜƎŜǘŀǘƛƻƴ ǘȅǇŜΦ 

Two decades earlier, 75% of this area had been forested with conifers (50%) and hardwoods (25%). It is assumed 

that timber was harvested here in the 1940s as part of a large, documented commercial logging operation 

(California Department of ForestryύΦ .ȅ мффоΣ рф҈ ƻŦ ǘƘƛǎ Ψ.ŀǊǊŜƴΩ ŀǊŜŀ ƘŀŘ ǊŜǘǳǊƴŜŘ ǘƻ ǿƻƻŘƭŀƴŘΣ ǿƛǘƘ ор҈ 

Conifer and 24% Hardwoods. Ponderosa pine was the most abundant conifer in 1928, while Doug fir was the 

least abundant (4%). By 1993 it was almost the reverse: Doug fir being the most abundant (14%) and Ponderosa 

the second least common (6%). It is unknown whether replanting was done after the timber harvestτwhich 

could account for some of the change. 

The annual rate of replacement ƻŦ ΨōŀǊǊŜƴƭŀƴŘΩ ǿƛǘƘ woodland in the Lake study area between 1950 and 1993 

was 1.37%, very similar to the rate of shrub-to-woodland replacement in the FBZs, which ranged from about 

0.8% to 1.3% annually. 

In 1965, fifty years after the end of intensive logging in the Sonoma West study area, the former harvest area 

(Weber 1926) was 71% forest. This is close to the extent of forest around 1870, before intensive logging. But 

what had been predominately Redwood forest before harvest (c. 1870) was now Tan oak, Coast Live oak and 

Madrone woodlands, comprising 61% of the harvest area. By the time this woodland was mapped again, in 

1993, it had returned to being predominately conifer (54%), dominated by Redwoods. The hardwoods had 

shrunk to one-third of their extent less than three decades earlier (from 61% to 20%). Some of this decline can 

probably be attributed to hardwoods being overtopped by conifers and thus were no longer mapped as the 

most abundant forest tree. Tan oak in particular shows a steep decline as a forest type, going from 21% in 1965 

to 3% in 2013 (or a little higher if you include the 1% Doug fir-Tan Oak mixed woodland). 

It should be noted that between 1965 and 2013, the Timber Harvest Zone shows an accelerating decline in the 

human footprint (22% down to 9% in less than 50 years) with a corresponding increase in the forested area. 

LƴǘŜǊŜǎǘƛƴƎƭȅΣ ǘƘŜ ŎƻƳōƛƴŜŘ ŀŎǊŜŀƎŜ ŦƻǊ Ψ²ƻƻŘƭŀƴŘΩ ŀƴŘ ΨIǳƳŀƴΩ ŦƻƻǘǇǊƛƴǘ ƛǎ ǊŜƳŀǊƪŀōƭȅ Ŏƻƴǎǘŀƴǘ όƎǊƻǿƛƴƎ ƻƴƭȅ 

about 100 acres over a half century). The most obvious explanation is to assume that as the trees grew, their 

ŎŀƴƻǇƛŜǎ ƘƛŘ ƳƻǊŜ ŀƴŘ ƳƻǊŜ ƻŦ ǘƘŜ ƘǳƳŀƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŦǊƻƳ ǘƘŜ ƳŀǇǇŜǊǎΩ ǾƛŜǿ directly above (e.g. aerial or 

satellite imagery). 

Second-growth redwoods at one former homestead in the Calabazas Creek Preserve (Sonoma-Napa) indicate 

timber harvesting by homesteaders in the 19th-th century, probably for their own use and was non-commercial. 

Salvage logging is known to have occurred at the Preserve after the 1964 fire. As this was concomitant with the 

fire, the burn and harvest are considered a single disturbance for the purposes of this study. This could skew the 

analysis of vegetation change in the FBZ, though as shown above, there seems to be little difference in recovery 

rates between fire and harvest disturbance. 
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VEGETATION CHANGE in the ABSENCE OF FIRE: RARE BURN ZONES (RBZs) 

Overall, vegetation change in the RBZs occurs at a fraction of the rate seen in the Frequent Burn Zones. 

Sonoma-Napa: Given the large proportion (about 2/3) of chamise and young (small diameter) oaks recorded 

here around 1867, we can infer that this area experienced Indigenous cultural burning in the early 19th century. 

By 1932, the RBZ was mapped at 56% woodland, which was all oak except for 1% Douglas fir. Sixty years later, in 

1993, this area was 72% woodland, one-quarter of which was conifer (mostly Douglas fir). 

The annual woodland expansion rate was 0.27%, about half that seen in the FBZ at 30 years+ post fire. Douglas 

fir was responsible for this increase. The hardwood proportion declined slightly over the 20th century. Between 

1993 and 2016, woodland extent continued to increase at roughly the same rate (0.3%/year), adding 7% during 

this time period. Hardwood forest made up the bulk of the increase (6% vs.1% for conifers).  

Sonoma West: As the Rare Burn in Sonoma West also represents the timber harvest area, this RBZ was not 

assessed as an RBZ. 

Lake: The RBZ for Lake is also difficult to interpret due to timber harvest overlapping with this zone. Taking the 

43 years of record free from documented disturbance (1950 ς 1993), we see the woodland extent growing from 

68% to 89%, close to the estimated pre-harvest value in the 19th century. This gives an annual woodland 

expansion rate of 0.49%, about the same as the later post-fire period in the FBZs. The higher rate here than in 

Sonoma-Napa (0.27%) may represent a shorter time since disturbance in Lake. Conifers were responsible for the 

majority of this increase in the Lake RBZ. 

Napa East: The Napa East Rare Burn Zone was the only RBZ with documented fires, which occurred in 1913 and 

1981. In 1932, 19 years after this fire, 31% of this FBZ was recorded as woodland. There was virtually the same 

woodland extent in 1993 (30%). The 14% decrease in shrublands was primarily taken up by an increased human 

footprint. The same trajectory happened again between 1993 and 2016, with woodland unchanged and 

shrublands being converted to agriculture.  
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GRASSLAND 

¶ Grassland (Herbaceous Lifeform) was not a large component of vegetation in most places and times 

included in this study, usually covering well below ten percent of the landscape. 

¶ Estimates for grassland cover in the 19th century are all in the low single digits (considering the later 

record, lumped ΨƘŜǊō ƻǊ ǎƘǊǳōΩ ŘŜǎƛƎƴŀǘƛƻƴǎ ŀǇǇƭƛŜŘ ǘƻ ǘƘŜ ƻƭŘ ǎǳǊǾŜȅ ǊŜŎƻǊŘs are probably shrub). 

¶ In Sonoma West, Lake, and Napa East grassland cover peaked in the aftermath of timber harvest and 

fire, reaching 8%, 11% and 9% respectively, before declining. Grassland in the Sonoma-Napa study area 

appears to be very slowly increasing, from 2% to 5% in 80+ years. 

¶ Grassland appears to be the most stable lifeform on all four landscapes. The dynamic cycle between 

shrubs and woodland, driven by fire, does not appear to be at work in a significant way between 

grasslands and shrubs or grasslands and woodland.  
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EMISSIONS and SEQUESTRATION 
Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 

3) Minimizing emissions, maximizing sequestration; 5) Fire as a stewardship tool 

We intended to develop recommendations for a management approach that would maximize carbon 

sequestration, minimize emissions, and reduce the wildfire hazard to communities. After putting substantial 

thought and effort into background research attempting to quantify emission and sequestration values under 

different fire regimes, it became clear that so many questions remained that any conclusions drawn would be 

little more than speculative. 

Ottmar (2013) acknowledges that a lack of data restricts άƻǳǊ ŀōƛƭƛǘȅ ǘƻ ŀǎŎŜǊǘŀƛƴ ǘƘŜ ǘǊǳe contribution of 

ǿƛƭŘƭŀƴŘ ŦƛǊŜ ǘƻ DID ŀƴŘ ŀŜǊƻǎƻƭ ŜƳƛǎǎƛƻƴǎΦέ CǳǊǘƘŜǊƳƻǊŜΣ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ƭƛƳƛǘŜŘ ƻƴ ǘƘŜ άǇǊƻŘǳŎǘƛƻƴ ŀƴŘ 

sequestration of BC [black carbon] into the soils following wildfire that may serve as a partial offset of GHG and 

ŀŜǊƻǎƻƭǎΦέ ²Ŝ Řƻ ƪƴow that wildfires generally consume two to four times as much fuel per acre as prescribed 

fires, resulting in more greenhouse gas emissions (Berger et. al. 2018; Ottmar 2013). This is because wildfire 

fuels are usually drier, crown fires contribute additional biomass, and wind speed is higher. All these factors 

increase fuel consumption and thus emissions as compared to prescribed burns. 

hǾŜǊ ƭƻƴƎ ǘƛƳŜ ǇŜǊƛƻŘǎ όŜΦƎΦ ƳǳƭǘƛǇƭŜ ŘŜŎŀŘŜǎύ ƛƴ ǳƴƳŀƴŀƎŜŘ ŦƛǊŜ ǊŜƎƛƳŜǎΣ ǿƛƭŘŦƛǊŜ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ άare 

balanced by carbƻƴ ŎŀǇǘǳǊŜ ŦǊƻƳ ŦƻǊŜǎǘ ǊŜƎǊƻǿǘƘΧǳƴƭŜǎǎ ŀ ƭŀǎǘƛƴƎ ǎƘƛŦǘ ƛƴ Ǉƭŀƴǘ ŎƻƳƳǳƴƛǘȅ ǘȅǇŜ ƻŎŎǳǊǎ ŀƴŘκƻǊ 

ŦƛǊŜ ǊŜǘǳǊƴ ƛƴǘŜǊǾŀƭǎ ŎƘŀƴƎŜέ (Sommers et. al. 2014). To the extent that our study areas could be considered to 

ƘŀǾŜ ΨǳƴƳŀƴŀƎŜŘ ŦƛǊŜ ǊŜƎƛƳŜǎέ ƛǘ ƛǎ ǇƻǎǎƛōƭŜ ǘƘŀǘ ǎuch a balance exists in certain places, though it is impossible 

to know. 

Estimating carbon capture or sequestration is equally, or even more difficult than estimating emissions. 

Research is needed to understand the charred residue and ash remaining after fire, how much of its carbon 

becomes sequestered, and how much black carbon, organic carbon and brown carbon end up in the atmosphere 

(Ottmar 2013). Likewise, the fate of underground carbon in roots killed by fire in not well known. 

One suggestion to addresǎ ǘƘŜǎŜ ǉǳŜǎǘƛƻƴǎ ƛǎ ǘƻ ŘŜǾŜƭƻǇ άŜƴƘŀƴŎŜŘ ƳƻƴƛǘƻǊƛƴƎ ǇǊƻƎǊŀƳǎ ǘƘŀǘ ƛƳǇǊƻǾŜ ƻǳǊ 

understanding of long-term, landscape-scale ecological responses to fire, provide data to evaluate effectiveness 

of management activities, and identify key emerging ecological dȅƴŀƳƛŎǎέ ό{ƻƳƳŜǊǎ ŜǘΦ ŀƭ нлмпύΦ hƴŜ ŎƻƴǎƛǎǘŜƴǘ 

finding in this study was that the most fire-prone places, the FBZs, tend to have the most dynamic cycles of 

vegetation change. The speed of transitions there, from shrubland to woodland in a few decades suggests that 

these places may be where the highest sequestration rates in the landscape are occurring. The transition rates in 

the FBZs peak in the first two to three decades after a fire and then slow down by as much as 85% (for example, 

from 3.25% to 0.5% annually in the Sonoma West FBZ). Likewise, chamise and manzanita are most vigorous in 

the early years following a fire (Sampson 1944) and thus presumably sequestering more carbon during that 

period. 

A global study of above and below ground carbon stocks (Ma et. al 2021) found that shrublands sequestered 

nearly half their carbon in underground biomass (47%). In contrast, forests only sequester 22% below ground. 

This suggests that in some cases, shrublands may be better carbon sinks than forests, assuming that below 

ground carbon is better protected from wildfire. 

One of the goals of Indigenous stewardship, including cultural burning, according to Clint McKay, is to benefit all 

the living things on the land. This implies a thriving landscape and, in scientific terms, has high productivity. Net 

ǇǊƛƳŀǊȅ ǇǊƻŘǳŎǘƛǾƛǘȅ Ŏŀƴ ōŜ ǳǎŜŘ άǘƻ ƛŘŜƴǘƛŦȅ ŜŎƻǎȅǎǘŜƳ ŎŀǊōƻƴ ǎƻǳǊŎŜǎκǎƛƴƪǎΣ ǇƭŀȅƛƴƎ ŀƴ ƛƳǇƻǊǘŀƴǘ ǊƻƭŜ ƛƴ 
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ŎŀǊōƻƴ ōŀƭŀƴŎŜέ ό[ƛŀƻ нлннύΦ ¢Ƙƛǎ ǎǳƎƎŜǎǘǎ ǘƘŀǘ ǘƘŜ ǾŜƎŜǘŀǘƛƻƴ ǇŀǘǘŜǊƴǎ ŎǊŜŀǘŜŘ ōȅ LƴŘƛƎŜƴƻǳǎ ǎǘŜǿŀǊŘǎƘƛǇΣ 

practiced with the intent of benefitting all living things, may also have maximized carbon sequestration. In 

addition, as mentioned above. Intentional burning (e.g. cultural or prescriptive) produces only a fraction of the 

emissions caused by unintentional burning in a wildfire. 
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ADDENDUM 

CATASTROPHIC FIRE, WIND vs. FUEL-DRIVEN WILDFIRES, 

A FIRE EXPOSURE METRIC, and a POSSIBLE TIPPING POINT 

Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetation patterns; 

3) Minimizing 4) Tipping points for catastrophic fire; 5) Fire as a stewardship tool 

Recent large wildfires in Sonoma, Napa, and Lake Counties include the Valley Fire in 2015; the Nunns, Tubbs and 

Atlas Fires in 2017; the Kincade Fire in 2019; and the Walbridge and Glass Fires in 2020. Together they burned 

about 370,000 acres, or nearly 600 square miles. For people who lost their homes, the life of a loved one or even 

their own, these were obviously catastrophic events. Preparing for and perhaps preventing such huge fires is a 

key question as climate change steadily moves the world into new and unfamiliar territory. There is concern that 

άŎǳǊǊŜƴǘ ŦƛǊŜ ǇǊŜŘƛŎǘƛƻƴ ǎȅǎǘŜƳǎΧƳŀȅ ƴƻǘ ōŜ ŎŀǇŀōƭŜ ƻŦ ƳƻŘŜƭƛƴƎ ŦƛǊŜ ōŜƘŀǾƛƻǊ ƛƴ ŦǳǘǳǊŜ ŦƛǊŜ ŜƴǾƛǊƻƴƳŜƴǘǎέ 

(Sommers et. al. 2014). 

Are these recent fires truly unprecedented? Are ǿŜ ŀƭǊŜŀŘȅ ƛƴ ŀ άŦǳǘǳǊŜ ŦƛǊŜ ŜƴǾƛǊƻƴƳŜƴǘ? The answers to these 

questions may ōŜ ōƻǘƘ ΨȅŜǎΩ ŀƴŘ ΨƴƻΦΩ  According the Ψ2017 Sonoma Complex FiresΩ ǎǘƻǊȅ ƳŀǇ website (Sonoma 

County 2019): ά¢ƘŜ нлмт ŦƛǊŜǎ ǿŜǊŜ ŜȄǘǊŜƳŜΣ ōǳǘ ƴƻǘ ǳƴǇǊŜŎŜŘŜƴǘŜŘέ ǿƛǘƘ άsimilar firestorms in 1964, 1923, 

and 1870.έ But considering just the Nunns Fires of 1923, 1964 and 2017 shows that, although weather 

conditions were similar, the 2017 fire was close to twice as large as any previous fire (Fig. 36). On the other 

hand, the 2017 Tubbs fire (outside our study areas) does fit within the historical pattern and was quite a bit 

smaller than the 1964 Hanley fire (about 36,000 acres vs. 55,000 in 1964).  

[ƻƻƪƛƴƎ ŀǘ ǘƘŜ ΨCƛǊŜ {ƛȊŜΩ ƎǊŀǇƘǎ (as measured within the study areas Figures 36-39), shows the Valley and Nunns 

fires truly were unprecedented. The Walbridge fire was slightly larger than any before it in Sonoma West. The 

2017 Atlas fire was slightly smaller than the 1981 Atlas fire. 

For this discussionΣ ΨŎŀǘŀǎǘǊƻǇƘƛŎ ŦƛǊŜΩ is defined as one of the ten labeled fires in Figures 36-40, each of which 

covered >35% of their respective study area (the 1964 Nunns Fire was smaller but is still within living memory 

and included for comparison). These 

wildfires are clearly an order of magnitude 

larger than the others. Within the human 

community, these fires are well 

remembered for many decades afterwards. 

What factors are behind these catastrophic 

fires? Is there a tipping point that might 

account for their unusual size? A tipping 

point would exist if a small change in 

conditions led to a dramatic change in 

outcome. This could be a slight increase in 

wind speed or temperature, a slight 

decrease in humidity, or some other 

seemingly minor shift in conditions that 

turns an average fire into a catastrophic 

one. 
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Figure 36. Sonoma-Napa Fire Extent
1870 - 2020

(as % of Study Area)
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High winds have been a common element in 

most, if not all these catastrophic fires. Wind 

speed data is not available for most of these 

events. But newspaper descriptionsτΨhowling 

ǿƛƴŘǎΣΩ ΨƘǳǊǊƛŎŀƴŜ ŦƻǊŎŜΣΩ ŀƴŘ ΨŘƛŦŦƛŎǳƭǘ ǘƻ 

ǎǘŀƴŘΩτsuggest conditions similar to those 

recorded in 2017. ¢ƘŜ нлмт Ψ²ƛƴŜ /ƻǳƴǘǊȅ 

CƛǊŜǎΣΩ ǿƘƛŎƘ ƛƴŎƭǳŘŜ ǘƘŜ ¢ǳōōǎ ŀƴŘ bǳƴƴǎ 

ŦƛǊŜǎΣ ƘŀǾŜ ōŜŜƴ ǳǎŜŘ ŀǎ ŜȄŀƳǇƭŜǎ ƻŦ ΨǿƛƴŘ-

ŘǊƛǾŜƴΩ ǾŜǊǎǳǎ ΨŦǳŜƭ-ŘǊƛǾŜƴΩ ǿƛƭŘŦires (Keene 

and Syphard 2020). [ƛƪŜǿƛǎŜΣ ǘƘŜ Ψнлмт 

{ƻƴƻƳŀ /ƻƳǇƭŜȄ CƛǊŜǎΩ ǿŜōǇŀƎŜǎ ό{ƻƴƻƳŀ 

County 2019) link these fires to Sonoma 

/ƻǳƴǘȅΩǎ ΨŦƛǊŜ-ǇǊƻƴŜ ǿƛƴŘ ŎƻǊǊƛŘƻǊǎΦΩ  

 Wildfire forecasters have identified a trio of 

tipping points known as the άол-30-30 

/ǊƻǎǎƻǾŜǊ wǳƭŜΦέ !ǎ ŘŜǎŎǊƛōŜŘ ōȅ {ǘŜŦŦŜƴǎ 

(2016), if a wildfire starts while the 

temperature is 30C or above, the relative 

humidity is 30% or less and the wind speed is 

30km/h or stronger, it will exhibit extreme fire 

behavior and be difficult to control until 

weather conditions change. 

Using data from Geyser Peak and Sonoma 

Mountain, we evaluated wind conditions 

during the 2017 Nunns and Tubbs firesτa 

portion of Nunns and all of Tubbs were outside 

our study areas but provide a useful 

comparison in a more regional context. We 

assumed a critical threshold of 18.6 mph 

windspeed for a ΨǿƛƴŘ-ŘǊƛǾŜƴΩ ŦƛǊŜ. Using these 

criteria, the conditions for a wind-driven fire 

lasted from the evening of October 8 through 

noon on October 9. Both the Tubbs and Nunns 

fires started around midnight. Using MODIS 

data (Fig. 40), which shows heat data at 6-

hour intervals, we designated areas that 

burned before 12:30 pm on October 9 as 

ΨǿƛƴŘ-ŘǊƛǾŜƴΩ ŀƴŘ ǘƘƻǎŜ ǘƘŀǘ burned 

ŀŦǘŜǊǿŀǊŘǎ ŀǎ ΨŦǳŜƭ-ŘǊƛǾŜƴΦΩ  

¦ƴŘŜǊ ǘƘŜ άол-30-олέ ǊǳƭŜΣ ǘƘŜ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ 

humidity, temperature and wind creates a  
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Figure 38. Lake Fire Extent, 1874 -2020
(as % of Study Area)
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Figure 37. Sonoma West Fire Extent
1916 ς2020

(as % of Study Area)
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Figure 39. Napa East Fire Extent, 1879 - 2020
(as % of Study Area)

ATLAS 2017 

ATLAS 1981 

1913 FIRE 1965 FIRE 



 

Vegetation Trends and Cycles in Fire Prone Landscapes of Lake, Napa East and Sonoma Counties 
Pepperwood, Baseline Consulting, Tukman Geospatial, Thorne Environmental Landscape Analysis 

73 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tipping point for extreme fire behavior. Since all three are required, removing windspeed from the mix would 

mean that humidity and temperature do not represent tipping points either individually or in combination. 

 

Figure 40. Windspeed and Fire 

Spread, Tubbs and Nunns Fires. 

October 2017. 


