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ABBREVIATIONBJTERMS

FBZ: Frequent Burn Zone

GLO: General Land Office surveys, laté déntury

NapaVeg mapNapaVegetation Map, 2016

Nunns Nuns[Fire]. Nunns is the original spelling and refers to an early setter.
RBZ: Rare Burn Zone

SoilVeg maps: Sefegetation maps, 19501965

Sonomaveg map: Sonoma Vegetation Map, 2013

THZ: Timber Harvesbie

VTM: Vegetation Type Maps, 192832.(aka@Wieslandef)

WHR: Wildlife Habitat Relationship maps
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ABSTRACT

Between 2015 and 202@ome of the most destructive and deadly wildfire€aifornia historyccurred in

Lake, Napa, and Sonoma countidsongterm understanding ofire and vegetation patterns neededo

inform hazard reduction and forest resilience strategies, and to advance the public awareness needed for
improved fire radiness across the regioRour 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 stradiilmgdge between Napa and Sonoma. Three were in the
Mayacamas Range, 30 miles inland, and one along the Russian River, about ten miles inland.

Indigenous elders provided loigrm 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 ¢2020. To compare time periods,

vegetation data was sorted into broddfeform and Forest Type categori€&e history was assessed using CAL
FIREmapped perimeters dating to the 1940s and narrative sources (e.g., newspapers) to extend and other
narrative sources, earlier fires were mapped to the lat& &@ntury, thus crating a fire record that coincided

with the vegetation record. Frequent Burn Zones (FBZs), Rare Burn Zones (RBZs) and Timber Harvest Zones (TH:
were identified and analyzed for vegetation changes and-fiostecovery. Results showed an overall decline i
shrublands and an increase in woodlands during the study period. The megtdite 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 aftermatffi fire, became primarily woodland (65%)atastrophic fires appear to show

a correlation with woodland cover >60%.KA & Kl & AYLX AOlI GA2ya F2NJ RSOSt 2 LA
for guiding cultural and prescribed burning and other fuel reducttrategies.
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INTRODUCTION

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

in LakeNapaand 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 characterizzriong

fire and vegetation patterns to inform hazard reduction and forest resilience strategies, and to advance the
public awareness needed for impred fire readiness across the region.

In facing thecurrent situation, firefighters, land stewards and the public are realizing that ourdetaplished
practices no longer serve us well. There is a recognition that fundamental changes are.mestedf us are
relative newcomerso this land, with roots going back a few generations at most. To thrive here in the long run
or even just survivewe need aleeperunderstanding of this place. Part of that understanding will be built from
scientific studies of vegetation, fire, climate aredateddisciplinesSuch knowledges valuable and useful, bitt
canperpetuate the illusion that, with enough data, contropisssible andthat fire is an adversary to be fought.
Hfectivelyreimagining our role as human beings in the landscape and changing our relationshifiseveitiu
vegetation is going to require a much broader vision.

As part of that reimagining, thisiuedytook an interdisciplinary approach. We incorporated an array of historical

and scientific sourceandgave equal weight to thperspectives and traditional wisdom of our lodadigenous
community. Several people with firsiand experience of culturdurning, as well as knowledge passed down

from past generations, shared their knowledge with leist thisgift we are extremely grateful. This Indigenous

wisdom (aka Traditional Ecological Knowledge) slender threadoing from the presentall the way lack to the
beginning of human time iourregion®d / t AyG aOYlF & o05NE / NBS] t2Y23 2| LL
bl GABS ' ROAaA2NER [/ 2dzyOAf X AKINBR (KIG KSAORYQUI NRS¢d
cultural tradition extendag back to before he was born. Personal memories are less important than the

combined memories and experiences bbsewho came before. As a foundation for responsible stewardship,

that knowledge is a form of generational wealth.

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

2 AfF1AOYE {GS6FNRAKALI / 22NRAYI (2 NJ bvinedasiSBwardddky R2 ¢ X
the Cultural Conservancy. On seeuggetationmaps created for tis project, he observed that they shoWhat

happens when the land is not being tended prop€iBonsidering how long his people and their neighbors have

cared for this place, that idemakesan appropriateframeworkfor reflecting on the 150 years of vegetation and

fire history collected here. Iffireand6 S O2 Y AARSNBR | YSYO6SNI 2F GKS 0O2YYdzy
Sara Moncada puts it, thehe recentcatastrophic firs highlight the consequences of ignoritigat community

member, or thinking we can banish them entirely.

The bulk of this report covershat has happenedver the 156plus yearsincelndigenous stewardship has

been excluded from the landscapdistorical data, including fire and vegetation mapascollectedand

createdg A G KAY | NBlFa RSTAYER wodd WHA I K aBANER TN/ G daNg £/ IS[E
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.

Vegetation Trends and Cycles in Fire Prone Landscapes of Lake, Napa East and Sonoma Counties
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Within the four study aream Lake, Napa, and Sonoma countie®dern fire suppressi began inthe 1930s or
1940s.Thus about half the record documenteid this reportoccurred prior tasuppressiorand half late, giving
a2YSUKAY3 2F | WoST2NB CKSR SHTNESANTE GLIAYOYdeNLBE 62 TS QO 2R/ RIAL G

collecSR o0& adz2NBSe2NB ¢2NlAy3d F2N 0§KS DSyTeasend'ceptiry R h ¥ F
surveyscan be challenging to interprellevertheless, they offer an extremely figeained picture of the land

and the vegetation on is it existedust a few years after Indigenous stewardship keaded or gone into steep

decline.

Fre regimes in California are highly variable b&effective vegetationand land stewardshimustaccount for

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

demonstrates that posfire vegetation recovery in more northern counties can be rapid and dynamicary

of the most fireprone areas covered in this study, shrublands (mapped at 100%) convenegbthands (65%

or more) in just three decadeé. decade or two later, after the next wildfirermesthrough, shrublands return

and the cycle bginsagain.Forest recovery after timber harvest ocaalmost as quickly g A G K Wo I NNBy Q
returning to 59% faest in about four decade®Vithin these landscapes are places where no finesajor
disturbancehave been recorded in the last 150 years.

TheNapaEast study are#lustrates thidandscaperariability well, with vegetatiopatternsin sharp contrast to
the other study areasThoughit is the most fireprone of our study area, it does not follow the pattern
mentioned above vegetation changé the wake of firgoroceeds so slowly as to baearlyundetectable.
Whether this is due to a difference in sojtsecipitation or some other factor is unknown at this point.

Mappingand descriingthe changes in vegetation patterasd fire over the last 150 years is inherently
OKIFffSyaay3ad !'a RSAONAROSR Ay (KS aSikK2Ra aSoOouirzys A
denominatorQVhat thisapproachlacks in precision it makes up forditonger time scale and expanse of
landscapesThis lens makes visilillee broadoutlines of vegetatiorthange over a century and a haifd allows

us to put present conditions in contexdome line descriptions in the ®#@entury surveys are challenging to

interpret. Otherst A 1 S a Y2 adilf &pro@igefagharparid luridiknidtigoritrase inplacesnow heavily

forested.

Landscapes reflect the practices and preferences of the people living in timording tahe amount of care

and attentionthey receive, othe lack of it. The only known factor which can account for the prevalence of

chaparral in the 19-century surveys is a widespread tradition of cultural burnikiy. I g1 & 2 F & LINR LIS
cultural burningwas done in many kinds of habitafBhe inalence of chaparral in the surveys is just the most

visible marker in the historical record.

It is well knowrthat humanactionscanharmthe natural world But things are also thrown out of balance dy

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

not only threatens natural systems but putsindanget & ¢St f ® LG Qa AYLIR2aairoftsS (2
proper tending, could lookKe in another 150 year&y looking back @entury and a half, this repodffers a

foundation for such longerm thinking through the following lines of inquiry:

1. How hathe relationship betweenvegetation, fire, and peoplehanged over time?

2. What isthe relationship betweenfire frequency, vegetationtrends and cycleslandscape variables,
and postdisturbanceregeneration?

Vegetation Trends and Cycles in Fire Prone Landscapes of Lake, Napa East and Sonoma Counties
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3. Do vegetation patterns, or other landscape factsugigest tipping point for large or catastrophic
fires? How do theseompare 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 effortsitumize
wildfire emissionsand threats to communities and ecosystem\gees, while alsmaximizing carbon
sequestrationfor a given location?

5. How might weuse fire as a stewardship toab improve the ecological health of the land?

These questions will beferredto inil KS Wa S K2 R4aQ@3 A 36 &a aAtsicdiodusing lRése v
abbreviated phrases

1. Relationship ofregetation, fire and people

2. Firefrequencyyvegetationpatterns and landscape variables
3. Minimizing emissionsnaximizing sequestration

4. Tipping pointdor catastrophic fire

5. Fire as a stewardship tool

Vegetation Trends and Cycles in Fire Prone Landscapes of Lake, Napa East and Sonoma Counties
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SETTING

The Study area@-ig. 1were chosen according to two criteria:

1 Places where communities and/or natural resouraesat risk from wildfire.
1 Places where lonterm vegetation recordare available

A comparative summary of the characteristics of each study iarieluded in Table 1 belowA map showing
the locations of thdour study areass shown irFigure 1. on the following pagmdividual maps of each study

A M oA MA

FLIIJSENI AY 020K (KS W{ S¥/ S2OMULING KvSyaadxt @S Qw Sz (iina2 yo & y{Ri da

Appendix.
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2 L[ 5CL I 6dzy RIY
blFLI { ny "Yalé&lOFIYlIixAySelINRF! Gfl &
91 ad aAiARywdzNIf RS( | I NRg 2
omznalxl tfSe rdftra ( / KFLIN
I ONE mer F220L DNJ & & f
azaid AytlAYy wHwnmc POt Fagd
I NB | HAMC
+AySel NR3
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H1MO
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Hgure 1. Study Area Regional Map
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METHOD&nd MATERIALS

The landscape covered in this report was identified &ggh priority by CAL FIREd defined ast L | OS &
ALISOATAO OGAz2ya OFy o6S GlF1Sy (G2 NBRdAzZOS Nwxal G2
Ecosystem Services; Restoring Fire Damaged Areas; and Reducing Wildfire Threat to Conifhisgiesly
highlights areastgparticular 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 significdifferences between study areas.

Ay 8
.

INDIGENOUS WISD Waditional Ecological Knowledge)

Applies to) 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 welkinown culture keepers Mabel McKay (Cache Creek Pomo) and Laura Somersal
602 LJJI2T 5NEB / NBS1 eocodltuimal burning prattited axtefdy i anfurdbi®i@n lineage all the

way back to preEuropean settlement days. His experiences growing up on the Dry Creek Rancheria near
Healdsburg included direct, firstand experience with cultural burning. With hishivil NA 6 € 6+ O1 3 N2 dzy
ancestry extends to three of the study areas: Napa East, Soiapa and Sonoma West.

Another source of Indigenous knowledge was Edward Redbird Willie (Pomo, Paiute, Wintu and Wailaki),
Stewardship Coordinator at Heron Shadow I W. A2 Odzf GGdzNF £ hl aAaQ ySFNJ DNI {3
Conservancy. During an gite tour, Redbird shared his perspective on cultural burning and directed me to

several online videos in which he spoke about cultural burning. The Dired#tmroh Shadow, Sara Moncada
(Yaqui/lrish), also contributed her thoughts and perspectives during th&teriourt including the ongoing

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

SeveralatterhJia ¢SNB YIRS (2 O2ydFrO0d Fy StRSNIIGO GKS aAiRR
homelands include the Lake study area. Unfortunately, these were unsuccessful as of the close of the project. As
cultural burning practices were somewhat varfedm 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 Doufjtadistribution was corroborated witikchanges recorded in the
historical dataThese results are included in a section of the Discussion.

HISTORICAL RECORD
Applies to:1) Relationship of vegetation, fire, and people; 2) Fire frequency and vegetatiar=aiB)
Minimizing emissions, maximizing sequestration; 4) Tipping points for catastrophic fire;
5) Fire as a stewardship tool

Pastefforts which informed this project includéhe Sonoma Veg Mafsonoma County 2017); tidapaVeg

Map (NapaCounty 2016)Marin County Historical Wildfire Mapping ProjéDawson 2022); Historical Fire,
Vegetation & Change Analysis Project, Bouverie Preserve (Dawson 2019); Estimating Vegetation Reference
Conditions by Combining Historical Source Analysis ah@I8dolith Analysis at Bouverie Preserve (Evett et. al.
2012. Published iRestoration Ecologyhistorical Vegetation Upland Pilot Project (Dawson 201dnd others

in the region.
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The approaches used in this study to characterize historical vegetatmmwildfire perimeters in the pr€AL
FIREera, 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, tappitig iimdigenous
wisdom (Traditional Ecological Knowledge) of local tribes, utiliiagiously unusedources (such as the Soil
Veg maps)anddeveloping trajectories for timber harvest recovery to compare with recovery from wildfire.

Data was collected from a variety oflove and physical archiveShese historical data sources were digitized
and mapped using Geographic Information Systems. Quantitative results and summaries are provided in tabular

A 2 4 oA~

(seeW{ St SOGSR wSadz).idaQ IyR W!LIISYRAOSaAQ

MAPPING and MEASURING VEGETATIDANGE

Applies tol) 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

TrackingvegetationOK I y3Sa 2@SNJ f 2y 3 LISNA2RA 2F GAYS NBI dzA NBa
methods and for various purposes into common categaideseatea consistent and transparent basis for
comparing change over tim&egetation dataources include:

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

+S3ASOHFGA2Y ¢@LIS al LJa Weddndew h BJAQéidpHy S MPpoHD 1 W
SoitVegetation Maps (1950s/60s)

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

Sonoma Countyegetation Mag2013)

1 NapaCountyVegetation Mag2016)

=A =4 =4 4 =4

(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 specifidgrptime.)

Developing a consistent and transparent approach for comparing theseldzdh data sets requiredistilling
the datathroughthe followingtwo filters:

1) Sortthe data intofive main categorieBecause vegetatiomallerasg | & NB OarieFo§ R WA Y
LINBR2YAYLlIYyOSZQ 61jd2GS FNRBY GKS wmMypy adz2NwSe YI ydz
herbaceous, shrublands and woodlandsed in the Manual of California Vegetatidd@V;CNPS 200%7)
hNE gKSNBE (K2a$S Frif aR2ZWAEKINIS ORBRINAR 2yt 2 Fi VS dA
the study period.

2) Where possible, sothe datafurther into forest typeddentifiable in all eragseeMCV2009and
W+S3SGFGA2Yy /I NRaasglkt1Q Ay ! LIISYRAE F2N Y2NB RS

All the data collected over the study periedassortedinto thesecategories asshownand describedn Table 1
on the following pagewhich provided the primary framework for analyzing vegetation patterns and change
over time.These large categories minire error when comparing vegetation over a long timesgais assumed
that the data collectorsn dl time periods could distinguish between these main categories. Identifying
vegetation alliances and associations from the historical data is mocé omcertain and thus more prone to
error and misinterpretation.
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TABLE2. Vegetation Categorieapplicable to all data

MAIN CATEGORIES SUB MCV DEFINITIONS EXAMPLES
CATEGORIES] (CNRE52009; pgs.5565)
WOODLANDS G¢NBESa SgSyfteée R
02 v & LA (Raxecd=géry 1)
Conifers G52YAYylFGSR o6& (Douglas fir;

(MCV sukcategoryn Q @y Q 0| Knobcone Pine
Hardwoods G52YAYylFGSR o6& § Oak Madrone,
winter deciduous hardwood trees Alder

or conifers may be associated wi
themandcoR2 YA Y I y i ® g
(MCV sukcategoryn Q& y ®0

SHRUBLANDS d2 22 Reé 4K Mhbzdbs 2 Chamise; Manzanita
O 2 y a LIA(M@x2cdiEgéry |1)
HERBACEOQOUS a b 2wbody herbaceous Native and non
@S3ASGI GA2Y R2 YA native grasslad,
(MCV category llII) e.g. bunchgrass,
Avena spp.
HUMAN Human footprint dominant Vineyards,
(no MCYV definition) Orchards, roads,
structures
OTHER Lack of vegetation dominant 2 §SNE NP
(no MCV definition) RFEGIQ

Vegetation data for 1993 to the present (WHR, Sonoma Veg NipaVeg Map) was readily available in GIS as
polygon shapefiles. Likewise, thi¢dieslandeVegetation Type Maps (VTMad already been digitized and
brought into GIS with original attributes as well agdiife-Habitat Relationship maps (WH&t)d MCV
classifications. Processing the Séiig maps and thedheral Land OfficeurveyqGLOYequired laborious

WKS| Ra dzoJrawidhg tABerpdlygdnd by Band 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

W{St SOGSR wSadzA 6aQv a ¢Sttt Fa (FofSad ¢KingalthtBS I (S
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 prdate the Nunns and Walbridge Fires by gears respdively; in Napa East, the Atlas

CANB o6& 2dzad m &@SINI YR AY [II1S O2dzyiesx GKS I ffSe
land has and will respond in present time. An update of the Sonoma Veg map is underway, which will provide a
look at about 57 years of recovery.

The nameof trees and shrubs vary somewhat over the study period, with the most variation being in the early
surveysDiscrepanciesould usually beesolved by researching historical names (#d. KSYAT I £t Q F2 NJ /
Adenostoma fasciculatunoy Madraio 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 (T&plend wasaccounted forduring 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 dieg the impression of a higher degree of accuracy than actually exists,
percentages of vegetation cover were rounded to the nearest whole number.

TABLB. Vegetation Data Mapping Resolution
MAPPING RESOLUTION
Averageacres/polygon
STUDY *GLO: = Total Acres/#Survey points + Line Descriptions
AREA ' ONB& LISNI RIFEGE wWoAdQ
GLO* VTM SoitvVeg WHR Veg Maps
c. 1870 1928, 1932 | c. 1950, 1965 1993 2013, 2016
LAKE 42.9 145.1 45.9 10.9
SONOMA WEST 41.3 68.8 15.6 3.2
SONOMANAPA 29.0 115.2 20.1 5.9
NAPAEAST 49.2 155.7 9.2 7.5
AVERAGE 45.6 138.7 57.4 14.0 4.6

Theuncertainties associated withhe 19"-century survey data (GLO) present a unique challenge that has been
addressed in previous work (Dawson 201449pping vegetation from the survey recorglquiresaccounting

for the known biases in the choice of bearing trees (hardwoods over coniferg)nthiased but less precise line
descriptions, while alsaccounting fothe proportion of actual bearing trees to thmumber thatwould have

been marked if they had been available. Every mile of survewkisesupposed to have 6 trees mark@aolr at

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

marked and in many cases the surveyors had to build a cairn instead dhgeartkee. The lack of bearing tree
wasinterpreted to indicae shrub or grassat those sitesather than woodland 2 NJ WNR2 O1 Q 2 NJ Wo | NN
by nearby data). Sites that were consistently recorded as shrublands in later years were assumed to be the same
for the early surveysThe percentage of marked trees to the totalmberpossible was considered the most

accurate measure of woodland cover inthe GLO data. Rgs RA L YSGUSNJ YIF N]J SR Ff2y3 &
as shrublands were designated as shrubs.

Figures for the resolidn of the GLO surveys may not be directly comparable to the other periods, due to the
way this data was collected and recorded. Howeitatoes indicate the level of detail with whithe land was
surveyed Accounting fotthe accuracy of these survey®ésEvett et. al. 2012 and Dawson 28).4nd the
distances bearing trees were located from survey poim$6th cases 3 chains = 60 m or ~200 feet), we
roughly estimate that the 1®century surveys recorded about 25% of the landscape at some ledetaif.

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

C2NJ Iy SEGSyar@dS RAalOdzaaAzy | o2dzi dz&aAy3d GKS REGE TN
DL FYR tAf 230 t N RISk ahtts3/dJom@®pénspasevennyte.com/dl/INMHZANzqD

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 19643\ tianley, and probably other fires.

Some of this is said to have bedone by broadcasting seeds from airplanes. While there is no reason to doubt
this, and it seeraquite plausible, no primary historical records have been located to support this. Botanical
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records going back to the early?@OSy (i dzNB a K24 Yy2002yS LIAYS gAGKAY K-
before thatfire.

It also seems quite likely that commeatspecies of conifer, particularly Ponderosa pine and Douglas fir, would
have been planted after timber harvest occurred in Lake and perhaps in Seiasisas well. Boggs State

Forest is currently restoring forest that was burned in the 2015 ValleyYipgdnting 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) Relationshgd 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 accurat€AL FIRferimeters going back to the 194Qvere used for the latter part of the historical
record. Drawing perimeters for fires preceding®AL FIR&a required using the data from narrative accounts
in newspapers and other sources. With the exception of the Lake study area, such accourdscgssed

online from the California Digital Newspaper Collecmww.cdnc.ucr.edu/

As historical newspapers for Lake county are not yet digitized, data development requiraiinssanning

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 ofTtegtlarge volume of newspaper data
combined with poor image quality, made it important to prioritize time periods. Consequemiyt of the pre

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

Historical maps wer essential t@eoreferencingearly fire perimeters because old ranch names, bridge
crossings and place names from the newspaper reports could be located and used for nmapping
contemporary maps. Fire characteristics, including location and extent, \abtdated.A rubric for assigning
confidence levels for location and extent (high, medium and low) to thederical firepolygons was developed
and applied as an attribute to each perimeter (gggperdix). Each fire waslsoentered 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.

¢ KS Wh @ 9r\JISwagused & 2réate shapefiles that divided up each study area into polygons drawn
according to how mangmesS+ OK | NBI KI R 0dz2NYy SR 0aSS WLThisliade theda ( 2 NE
followingfeatures visible, whiclvere classified into the following categosdone per study area):

WC NBEB |j dzS v (i (FBZg)afinethangiSidedled accaling to threecriteria:

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

2) Was a single, contiguous polygonot a scattering of polygons. This allowed FBZs to be evaluated
as a single landscape unit.

3) Had at least one disete date when the whole FBZ burned, which could be used to trackfipest
vegetation changever time.

Ywl NB . dRBISWhichwefedlédneatedaccording to two criteria:

1) Areas that had burned less often than elsewhere in the study area (usuaty)ne
2) Were contiguous, allowing them to be evaluated as single landscape units.

Up through the mie20" 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
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Sa0l ISR YR 0dz2NYySR | ySA3IKO 2 Nddyzhadlshini efsdidn gheoverdl firé S { K S
history, not enough is known to assehs effect.

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

The discovery of m cpH ¢ Y | 12 GBI W/Sd2{H 2ARber 12, leng @ith additional historical

o O1 3 NR dzy RTimbér Hdn2sh 2RI HZ Yo Mé delineatedin the Sonoma West study area and

evaluated as a separate landscape ubiK S Y I LILJA Yy 3 2 Ton UHits in thdlBake Qtudy & eh il 950, A

just after a large commercial logging operatiimished,d dz33Sa 4 SR { K I Timber Kakvasv2# i/ § PR & 2

MAPPING and QUANTIFYING VEGETATION RESPONSE TO FIRE and DISTURBANCE

Applies to: 1) Relationship of vaggon, 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

Onceallthe vegetation, fire, and loggingatahad beerbroughtinto GISthey were integrated by using the FBZ,
RBZandHZA )2 f e 32y a G2 Of AL GKS @S3SGlraAaAz2y NBO2NR TFT2NJ St (
WSLI2NIQ (22f Ay DL{ lagds@pesdyxiossingiad atthibyitd Sufhiag Wdaiatialfasca S

or similar, anddirecting the tool to calculatethd 2 G £ | ONBF 3S 6 Sd3Id W52 dzThid & FA
compiled data was used womplete tablesand track the changder eachstudy area, FBZ or other sub area

(see Appendix)

9 OK aiédzReé I NBIF YR AYRAGARdAzZ t 1T2yS gl a faz2 OKFNIC
also produced measurements for slope aspect and steepness. Distance from the coast was measured from the
centroid for each polygoto the nearest point on the coast. The SoneN@pastudy area was evaluated as a

whole and for some analysesljvided into the Sonom#lapa(Napaportion) east of the county line and the
SonomaNapa(Sonoma portion) west of the linghe county lings an the ridge divide)

EMISSIONS and SEQUESTRATION

Applies to: 3Minimizing emissions, maximizing sequestration

Emissions and sequestratiovere investigated througlhn extensive literature sear@nd communications with
experts in the field. Estimates were attemptbédsed on calculated pofire rates of vegetation changégr
above and below ground biomass at various points in the fire cpakea lack of data prevented these from
being finalize. However, the information collected suggested a general appraadigualitative answeto this
guestion.

TIPPING POINTS FOR CATASTROPH(EBIFRDUM)
Applies to: 4Tipping points for catastrophic fire

As this was not included in the original resdaptan, 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 expEtto recur in the samplaces only about once every 4@.00

years. This suggested creating critdfi@ NJ WOl G a0 NRLIKAO FANBAQ ol aSR 2y i
OK2aSy 2@SNJ Wil NASQ G2 O0ly2¢6tSR3IS G(KS KdzYty AYLN} O
more tipping points for these events could be identified
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We looked at vind speed, humidity, fuel configuration and temperata® possible tipping points. Wind speed

was tracked over the course of the 2017 Nunns and Tubbs fires. Criteria was developed from the literature to
ARSY(GARRA @SN FRTANS QA VIEANIDA ZFVRNST Y RETE2fyad® ah5L{ KS
FANB &LINBFR Rdz2NAyYy 3 (0 KdBvarbss. Betcényfiidi Nk g RY QLIBIND SPIit @ dzy IR(G S
threshold of 30 kph wind speed, humidity and temperature alone are not considered Suffciereate

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 rctasgd
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SELECTED RESULTS

Since Indigenous wisdom (TEKgservesthe knowledge of fire practices and vegetation patterns which
preceded modern vegetation patterns and fire regimesummaryof conversatios with Clint McKay (Wappo,
Pono, Wintun) Edward Redbird Willie (Pomo, Paiute, Wintun and Waitadd)Sara Moncad@aqui/lrish)s
included at the beginning of this sectioihis intended to serve as a framework émnsideringhe results of the
historical researchThe Appendix adains the complete notes from these contacts.

These conversations particulaimform three lines of inquiryl) Relationship of vegetation, fire, and people; 2)
Fire frequency and vegetation patterns; 5) Fire as a stewardship tool

The maps, pieharts and tablethat follow (pages 2-48), which were developed from the historical recosdg
arranged by study are& heyprovide an overview ofegetation fire, and timber harvegbatterns during the
study period (c. 1879 2020)and primarilyapplyto: 1) Relationship of vegetation, fire, and people; 2) Fire
frequency and vegetation patterns; 4) Tipping points for catastrophic fire.

¢KS @S3SGrGA2Y YI LA |NB LINBASYGSR a F2dzNJ wayl LJAK2 G

Late 19" century
Early tomid-20" century
Late 20" century
Early 2% century

> > > >

The precise years vary according to the available data. Pie charts are included to facilitate visualization of the
changes and fareadycomparison across time periods and between study areas.

Fire hisory is combined into a singlmapfor each study areajelineaing zonesof different fire frequendes
Frequent Burn Zones (FBZs) and Rare Burn Zones @rBHEg)hlighted in these maps.

Timber Harvest Zones (THZs) were mapped from available s@mdehownfor the Lake and Sonoma West
study areas.

Integrated fire and vegetation history amackedwith maps, pie charts and tables for each FBZ and RBZ. These
follow the same timeline as theegetationWa y I LJA K2 (0 4 Q YVegetatiorecidbdes wiithtie B7Zs
are covered in the same way.

Calculated rates ofegetationchangein response to firand timber harvestor in the absence ofhese
disturbances accompany the relevant maps.

Results for the distribution of certain species, which areqosered the Selected Results, are included in the
relevant Discussion sections. These species include Douglas fir, California Bay, and California Black oak.

I £ 101 2F ljdad yaAadridA@S RIGE G2 FdzZ & | RRIdBaitheingd!l o0
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.

Completetabulatedresultscan be foundn the Apendix.
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INDIGENOUS WISDOM

Key pointsromO2 Yy GSNB I A2y & 6AGK /tAyd alOYles: {I N a2yO0l Rl

1

= =4 =4 =4 =4 4 =4

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

In Indigenousgulture, 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 traveldmsibetween villages.

There was no burning calendar. Close observafitke landscapéndicated 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 coalipfears, 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 tendet especially benefit deemvhich use it fordrage and coveiOnce it gets to be six

2NJ SAIKG FSSO KAIKI AdGQa KIFENRSNI F2NJ 0KS RSSNJ (2
¢KSNB 6SNB y2 LI NIAOdz I NJ WFANBE aLISOAFfAAGaPQ 9O
weavers buned 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 conditi/ & ¢ SNB NARIKGD !y ! dzZaAdzad o6dz2NYy NBIjdzA NBR g1 A
RS¢g 2y GKS tSI@Saop¢é

Larger areas of up to a couple hundred acres were also burned. Travel corridors exceeded this size.
Cultural burns were started at the bottom bills and burned toward the top. Ridgetops make a natural
FANB ONBF{® /![ CLw9Qa O2yiGNRffSR o0daNYya NB (GKS
The way Traditional Ecological Knowledge looks on the ground may sometimes feel at odds with how it
aSSyYa oK Syiypdtheteal. Y 2 NJ

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 thesurrounding 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 thkistorical research, including mapse charts and tables are shown the following
pages(23-48). The map below is identical to the one on page 12 and is included heeaderofreference.
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Figure 2. Sonom&NapaStudy Area, Vegetation Lifeforms1872-2016
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Figure 3. Sonom#&lapaStudy Area, LifefornComparisorby County 18672016
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Figure 4. Sonom#&lapaStudy Area, Fire History

Documented Fires 1870- 2020

# Fires, % of Study Area

1 22% [] Frequent Burn Zone
2 25% 4-7 Fires
3 09
2%k No documented burn:
s % 13%
- 5 7% Average # fires:
6 5% o
-7 <1%

[ Rare Burn Zone

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
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Figure 5. SonoméNapaStudy Area, Frequent Burn Zone (FR#Agformst 18772013

Herbaceous Shrub . Hardwood . Conifer . Human

A
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1880 1936
1 *
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DATES OF LARGE FIRE®= 100% FBZ burnetionly 20 acres were in the FBZ
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Table4. SonomaNapa FBZLifeform Cover by Date and Rate of Change

LIFEFORM, % COVER, by date 'bb} !'[ w!¢9 hC bbb, '[ w!¢9 h(
(1964 & 2017 = estimated, by era by years post fire
immediately precedingnajorfire)
1877 | 1932 | 1993 | 2013 1964 2017 1867-1932 | 19321993 | 19932013 9-29 2949
circa (est) (est)
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 | O 1 3 4 3 4 0 0.04 0.05 na na
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Figure 6.SonomaNapaStudy Area, Rare Burn Zone (RR#gformst 18672016
NO DOCUMENTED LARGE FIRES

Herbaceous Shrub . Hardwood . Conifer . Human
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Table5. SonomaNapa RBZ, Lifeform Cover by Date and Rate of Change

LIFEFORM, % COVER ANNUAL RATE OF CHANSE (
by date by era
c.1867| 1932 1993 2016 1877-1932 19321993 19932016

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

Vegetation Trends and Cycles in Fire Prone Landscapes of Lake, Napa East and Sonoma Counties
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Figure 7.SonomaWest Study Area, Vegetatiohifeforms, 1867- 2013

. Township & Range Lines
Herbor Shrub Human . G
Herbaceous c 1867 Shrub . Hardwood . Conifer . 1 mile x 1 mile grid
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Figure 8. Sonoma West Study Area, Fire History
Documented Fires 1902- 2020

# Fires, % of Study Area

=3 Frequent Burn Zone (FBZ)

e 3-5 Fires

2 19%
3 8% No documented burn:
Bl 4% 50%
s 3%

Average # Fires:
0-1

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

26.4 years, median = 43.5 years
3-4 fires average

50.0 years, median = 45.0 years

<1 fire average

Frequent Burn Zone:

Timber Harvest Zone
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Figure 9. Sonoma West Study Area, Frequent Burn Zone (FBZ) Lifefd8®is- 2013
MAJORFIRES IN917, 1929, 19331959, 202(QRed= 100% FBZ burned)

y i Township & Range Lines:
Herbaceous ‘ Herb or Shrub Shrub Hardwonod Conifer . Human . _ _
(c. 1867) Lmile x 1 mile grid

c. 1867: 15 years after last known
record of cultural burning

54 years post fire

6 years post fire 34 yearsost fire
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Table6. SonomawWest, BZ, Lifeform Cover by Date and Rate of Change

LIFEFORM, % COVER, by date 'bb}!'[ w!¢9 hC /1
(2020 = estimated, immediately preceding by years post fire
major fire) (era)
1965 | 1993 2013 2020 6-34 34-54
(est) (1965¢ 1993) (1993¢ 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 Timbklarvest Zone (THZ): Intensive Logging, c. 181915
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 BuRat@one (RBZ).

oosee Timber Harvest as mapped, 1926

E Frequent Burn Zone

(for context)
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Figure 11. Sonoma West Timber Harvest Zone (THZ) Lifeforb867- 2013
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Table7. SonomaWest, THZ, Lifeform Cover by Date and Rate®©fhange

LIFEFORM, % COVER, by date

ANNUAL RATE OF CHANGE (
by era & years post harvest
c. 1895 = average harvest date

c. 1867 1965 1993 2013 1867-1965 1965¢ 1993 1993¢ 2013

Pre-harvest to c. 70- 100 years c. 100-120 years post harvest
early recovery 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. Lak&tudy AreaVegetation Lifeforms, 183- 1993

No data, Barren Herbaceous Shrub . Hardwood . Conifer . Human Township & Range Lines
het . , .1 mile x 1 mile grid
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Figure 13. Lak&tudy Area Fire History
Documented Fires 1874- 2020

# Fires, % of Study Area
A, 2% =33  Frequent Burn Zoné¢FBZ)
2 32% 3-5 Fires
3 17% No documented burn:
B 2 4% 16%
T R Averag(?3 # fires:
£33  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
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Figure 14. LakeStudy Area, Frequent Burﬁone (FBZ) Lifeforrg873- 1993
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MAJOR FIRES in: 187409 1915, 19221944, 1951 2015(Red= 100% FBZ burned)

No data, Barren Herbaceous Shrub . Hardwood . Conifer . Human Township & Range Lines
or Other 1 mile x 1 mile grid
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Figurel5. LakeStudy AreaFrequent Burn Zone (FBZ) Post fire Shrub Transitions, 19993

Mixed Chaparral:
Manzanita & Quercus spp
Pie charts only

Chamise & Mixed

Chaparral

Pie chart & Map

€.1950:
6 years post fire

Conifer . Hardwood

1993
49years post fire

Township & Range Lines

Other ) )
1x1 mile grid

Table8. Lake FBAPost fire Shrub Transitiond ifeform by Date and Rate of Change

LIFEFORM, % COVER

ANNUAL RATE OF CHANGE (

by date 6 ¢ 49 years post fire
c. 1950 1993

Chamise 33 <1 -0.77

Mixed Chaparral: -

Manzanita & Quercus 67 45 051

spp.

Conifer 0 38 0.88
Hardwood 0 16 0.37

Other 0 1 .020
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Figurel6. Lake Study Area, Rare Burn Zone (RBZ) Lifeformsl866- 1993
NO DOCUMENTED LARGE FIRES. SOME TIMBER HARVEST, 1940S.

Barren Herbaceous Shrub . Hardweood . Conifer . Human Towns.,hip & R"f‘nge_l-ines
1 mile x 1 mile grid

(Harvested?)

.lbl’eﬂblwk C. 1950 e

 Lw O
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Table9. Lake Study AreaRBZ, Lifeform Cover by Date and Rate of Change

LIFEFORM % COVER, by date ANNUAL RATEOF CHANGHRR), % cover of Study Area
1866* 1928 c. 1950 1993 1866¢ 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

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

43



Figure 17NapaEastStudy Area Vegetation Lifeforns, 18632016

. Hardwood . Conifer . Human Township & Range Lines
1 mile x 1 mile grid

No data, Barren or Other

Herbaceous or Shrub Herbaceous Shrub
(uncertain)

€.1863 1932 1993 2016

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

44



vokv®”

Capels y,,
o

untville
Hills

Yountville

Wooden
i Valley
S0 % OakKnoll
D

!

Hagen rd

Figure 18 NapaEastStudy Area, Fire History
Documented Fires: 18792020

# Fires, % of Study Area

Frequent Burn Zone (FBZ)
1 6% ) 4-6 fires
2 20%
No documented burn:
3 24% <1%
I 4 25% Average # fires:
Bl s 19% >4
- 6 6% [ — | Rare Burn Zone (RBZ)
-7 <1% 1-2 fires

Township & Range Lines
(General Land Office)

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

26.8 years, median = 24 years
4-5 fires average

68 years, median = 68 years

1-2 documented fires

Frequent Burn Zone:

Rare Burn Zone:
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Herbaceous or Shrub
funcertain]

Figure 19 NapaEastStudy Area Fequent Burn ZondFBZ) 18632016
FIRES in913 1936 1959, 1960, 1968.981, 2012, 20132017 (red years > 80% of FBZ burned)

Herbaceous Shrub - Hardwead - Conifer . Human lownship & Range Lines

1mile x1milegrid

Mo data, Barren or Other
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Tablel0. NapaEas, FBZ, Lifeform Cover by Date and Rate of Change

LIFEFORM % COVER, by date ANNUAL RATEOF CHANGHR), % cover of Study Area

C. 1863~ 1932 1993 2016 1863¢ 1932 19321993 19932016
Herbaceous 2 1 9 7 -0.07 0.13 -0.09
Herb. or Shrub 15 0 0 0 NA NA NA
(uncertain)
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, 0 0 6 6 0 0.1 0
Open or Barren
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Figure 20NapaEastStudy AreaRare Burn Zone (RBZ) Lifeforni8762016
Burned in1913and 1981

N Herbaceous or Shrub . - - i - Township & Range Lines
Herbaceous Shrub H Conifer Human
& ardwood 1 mile x 1 mile grid

(uncertain)

. Mo data, Barren or Other

e -

c. 1876 1932 1993 2016
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Tablell. NapaEast, BZ, Lifeform Cover by Date and Rate of Change

LIFEFORM % COWERRBZ by date ANNUAL RATE @HANGEN), % cover of Study Area

c. 1876* 1932 1993 2016 1876¢ 1932 | 19321993 19932016
Herbaceous 2 4 3 2 0 -0.02 -0.02
Herb. or Shrub 3 0 0 0 NA NA NA
(uncertain)
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, 0 0 <1 <1 0 -0.02 0
Open or Barren
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DISCUSSION
FIRE and VEGETATION UNDERGENOUS STEWARDSHIP

G AadSy G2 GKS fFyRX AG gAff GStf e2dz
--Clint McKayWappo, Pomo, Wintun)

Applies to: 1) Relationship of vegetation, fire, and people;
2) Fire frequency and vegetation patterb3;Fire as a stewardship tool

Indigenous stewardship should be considered within a cultural context with a completely diffepeintwiew

than themainstreamculture. At the root, this is perhaps the most important lesson wereapivefrom Native
people. If we want things to be different in the future, we will need to begin by considering alternative
approaches tdire and vegettion and our relationship with themConversations with several Indigenous elders
led me to reflect on a number of ideas:

1 Fireand vegetation are entities with their own agendas.
 Tharl 3SYyRIa R2y Qi ySOSaalNARfte FfA3Iy SAGK 2dzNB O
1 Human knowledge and control are limited, so humility is wise and appropriate.
1 Rather than seeking control, askhat is theappropriaterole of human beingi the landscape?
This may include:
0 Tending or stewardsp
0 Helping naintaina balanceamong living things
91 Decisionsare based on observation rather thay thecalendar
1 Human health and sustenance depend on the health of everything else
1 Longterm thinking creates generational wealth

Bullet points cannot cédpre the nuance and depth of these ideas and may even be misleddiagpoken
word is considered thenost trustworthy source of knowledgé.should be noted that these are not the direct
words of any of the Indigenous elders | spoke with. R Belfe® ény of themwould claim to speak for
someoneelsePp L R2y Qi Ay (S yRopdit®pask dlong ittleiof tleAvisdoB Al pedsplctive
they gifted to me and ask forgiveness for any mistakes or misrepresentations

As mentioned in théntroduction, Redbird, the Stewardship Coordinator at Heron Shadow, upon seeing the
YILA Ay GKAA& NBLR NI JdsLif 208 ¥ 20l & Ad BK MK Siya AdiKad yiek
Altimira (asfounder of the Sonoma Missigrolonized theraditional lands of the Coast Miwok, Wappo, Pomo

and other Indigenous peopleg)rovides a glimpse of how the land was being tended when he arrived in 1823:
GOUKS KAffae gSNB az2z2y (2 0SS o0 dzZN§hSRrediAng ith& goesfoety 3 I NI
RSAONAGS (KS NBadf G 2F (KI G (Shifehng@BatAtiniriSdedclibhg®S A &
a cultural landscape, one shapedlbgigenous practices carried out and refined over many thousands of.years
Cultural buning 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)OCfiht & Q &
people occupied three of the four study ared¢apaEast, Sonom&lapaand Sonoma West. He described the
difference between cultural burning and controlled or prescriptive burning as coming down to who it was
intended to benefit "human beings oall living things on the larkd Burning was practiced at a very fine scale.
There were no particular fire specialists. Everyone burned the resources they were going toas&et

weavers burned willows and sedge beds, hunters burned the chaparral to primraye for deer.



Clint said that there used to be a lot more redbud and hazel, which were burned to encourage growth. As was
elderberry.Cultural lurning 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 Kanamdtdt. St. Helena) to the Middletown area and Clear Lake.

Ridgetops, like those at Pepperwood, also served astravel 2ol @ / f Ay G Qa LIS2LX S f A OSF
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 indew thiat

were cooler than the surrounding area (he remarked that they seem to be adapting to a different climate and
AK26Ay3 dzLJ AY K2GGSNE Y2NB 2LISYy FNBlFax (Kz2dAK (GKSe@

Clint said their goal for burning included the wie¢ing 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
RARY QiU 32 o0& GKS OIFfSYyRINE odzi NI GKS Ngrghs@mal praudtsa SN+
3SG G2 0SS AAE 2N SAIKAG FSSG KAIKI AGQa KIFNRSNI F2NJ
point.

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

makethe acorns easier to gather when they fell in the autumn, and fire also knocked back the acorn worms.
,2dzQR gFAG F2NI L Y2NYAYy3 gAGK | £ AdTdcBupepedpleEould € A GG
handle it. They also burned areas ag&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 goingsaakyo
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 regifime surveys represent vegetation as it was nearahd of
extensive tending by Indigens peoples, or just after. It should be kept in mind that @leO surveysnly
covered the boundaries of Mexican land grants and the areas outsidetttsena detailed record of the valley
floors is largely missing. But for the uplands, they are an unmatsberte of early vegetation data.

In contrast to moderrimes, the surveys recoret extensive shrublandsfrom 35% in Lake to over 50%Niapa
East(see pg. 54. fasslands constituted only a few percent of the landscape). At the time of the most recent
vegdation maps, shrublands had declined bydB5%from their 19"-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 gnknown factor whiclwould account for the extensive shrublands

recorded in the GLO surveyslie prevalence of cultural burning in tltkecades before the surveys

Fire also accounts for another pattern seen in the early survey-dtla¢afact that Dougla§r 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 sbpe. The top of the ridge acted as a natural fire break where Douglas fir seedlings were able to
establish themselves (segp57for more on this). Large, old Douglas firs still growing on the upper ridges of
Pepperwood and elsewhere, may be a remnanthaf pattern.
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REGIONAL FIRE PATTERNS,-2820
Applies to: 2) Fire frequency and vegetation patted)stipping points for catastrophic fire

As the maps show in the Selected Ressdistion,there is a wide variation in fire histories both within each
study area and among therWariation in fire histories is shown below (Figddd. The numbe(#) of fires refers
to the average number of times a location within the study area was likely to, ldjusted for the differing
lengths of the fire records (which ranged from 118 years to 150 years). The Sdtapastudy area was
divided into two portions along the ridgeline, which is also the border of the two countieswa@h done to
highlight thedifference in fire histories between these adjacent areas and the similarity betNapaEast and
the SonomaNapa(Sonoma) portion.

Figure 21. Average # Fires by Study Area
(adjusted to years of fire record)
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Several landscape variablegre found to beassociated with the fire history of each area:

Distance inlandvas the
most significant factor .
tested (Fig. 22 Linear g

trendline) 'S 45.0 -
~—40.0 e
8 350 °
= o9 Lake

< 30.0 W
> 25.0 . SonomaNapa

Figure 22. Average # Fires vs. Distance Inland
(adjusted to years of fire record)

Napa East
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Slope aspectvas the second most significant factor in explaining the variability in fire history (R2guneith

GKS SEOSLIiA2Y 2F {2y2Yl 283G 9@Sy (K2dzaAK {2t Yl 28
orientation is presumably cancelled out iy position near the coast, where conditions are generally wetter and
022t SNJ 0 Ay Of dzZRAY 3 { 2V 2 ¥duared 8adué to & NBidgrlficani K0872)i NBy Rt Ay SQa

Removing Sonoma West from the mix and once again considering Sowapaas two distintlandscapes
separated by a ridge, shows a strong correlation between slope aspect and fire Klisteay trendline)

Figure 23. Average # Fires vs. Slope Aspect
Degrees deviation from South®(0n y axis)
(Sonoma West not includedee text)
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DEVIATION FROM SOUTH

Slope steepnesshowed a negative relationship-gguared = 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 Sonomiapa(Napg subarea is also steeput its burn history seems to be more determined by
slope aspect than steepnesBecause 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 degeeesihcluded tht slope
steepness is not a significant factor in the variability in fire history.

Vegetation Trends and Cycles in Fire Prone Landscapes of Lake, Napa East and Sonoma Counties
Pepperwood, Baseline Consulting, Tukman Geospatial, Thorne Environmental Landscape Analysis
53



FREQUENAGNd RARE BURN ZONES

Thefire histories of theFrequent Burn Zones (FBAs® more similar to each other than they are to their
surrounding study areas (Figu2d). On average, slopes in the FBZs are slightly ste@pgthigher elevation
Obpco QU | Jaéing by IEhaniteidasskciated study area. However, thare substantial
variations and exceptions to these general characteristichitwas not possibléo makedefinitive
generalizationsbout theirposition within the landscape.

Figure 24. Average # Fires in Frequent Burn Zones
and Study Areas
(adjusted to years of fire record)
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Frequent Burn Zones are where the most dynamic vegetation cyclepl@te This is covered in the following
section.

As might be expectedhe characteristics oRare Burn Zones (RBZs) are the revefshe FBZson average

being slightly gentler @, lower elevation41 oy QU0 X I Y RacingZb)NE), tfoAgNIhdteare exceptions

to these general characteristiche average number of documented fires in the RBZs is zero, with the exception
of the NapaEastRBZ, where the average # of fires is 1.6 (adjusted for the length of the fire record).
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REGIONAL VEGETATION PATTERNS; 2820
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 rasiéwinol

SHRUBLAND DECLINE
1 One of the mossignificanttrends over the 15§ear study periodvasa steepdecline in chaparral

0 Sonoma West 27%t 2% (c. 1867¢ 2013; early valuer8%
0 SonomaNapa: 43%t 13% (c. 1871¢c. 2015 early valuet4%)
0 Lake: 36%7t1 24% (c. 1872¢ 1993 early valuetd%)
o0 NapaEast 54%t 35% (c. 1863 2016 early valuet9%)
0 Average: 40%t 19% (c. 1870gc. 2010)

1 Shrublands were largely replaced by hardwood and conifer woodlands. In Waggards replaced
some of the shrublands.

9 Hre attenuatesthis trend for periods of timen some places (note shrubland extent in Figure 2 for
SonomaNapa, nine years aftehe 1923 Nunns Fijeluring theFire ShrubWoodlandFire Cycle
described on pag63. Shrubs are often the dominant vegetation during the initial decades following
fire.

WOODLAND EXPANSION

1 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 198%n the most recent vegetation map was made for
Lake.

1 Inthe 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, reoresenting a 30% increase in ai@ag. 25)

1 SonomaNapalikewise saw an increase from 52% to 72% (a 40% increase in area) over-eafi50
study period(Fig. 26)

1 Like Sonoma West, the Lake study area saw impacts from loyghiigsome occurred in the k& 19"
century, the most significant harvesiasin the 1940s. Between 1950 and 1993 (the most recent record)
[F1SQa ¢22RflyR 02 @SN My bddde inarka), Fetdding it odiToresi 2 ¢ y:72
extentcomparable to what existed befotenber harvest, though the proportion of hardwoad 1993is
probably substantially highehan it was in the 19 century(Fig 27).

1 No evidence was found for commercial logging in Sonblapaor NapaEast.

1 Napa Easmay be an exception, showing 7% less woodland cover than in 1932, though possibly a slight
increase since the 1%century, depending how the early survey data is interpreted (Fig&8)he most
fire-prone and driest study area, with major wildfiresli#65, 1981 and 2017, conditions in Napa East
may make it difficult for extensive woodland to become established.

(Splines irFigures 2283 SNE RN} gy oA UK GKS a{Y220KAyYy 3¢ TFdzy OiAz2y
Algorithm. Points shown are thectual data pointg.
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E Figure 25. Sonoma West, % Woodland Cover
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= Figure 26. Sonomélapa, % Woodland Cover
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0 Figure 27. Lake, % Woodland Cov&B8721993
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Figure 28. Napa East, % Woodland Cover
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Douglas Fir Expansion

One of the more notable characteristicscorded bythe 19"-century surveys, when compared witte

landscape of the last fedecades, 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 descriptionswhich were free of such biaSurveyors were instructed to recordegetation inthese
descriptions itV 2 NR S NJ 2 Fandittiedzis Rd-kyo@rSréasoto believeDouglas fiwould not have been
recorded if they were, in fact, there.

Figure 29. Change in Douglas Fir Cover
1928-2013
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Clint McKay (Dry Cre®&omo/Wappo/Wintun)asa keeper of Traditional Ecological Knowledgd EKor much

of project area, stated that in prevhite settlement times Douglas fir was mostly found highay2 y G KS LIS |
andridges.€ He attributed this to the practice of burningpgles from the bottom up, which restrietl the

downhill expansion of Doug fide also mentioned that Pepperwoo®2d NA RIS G 21LJA 6 SNB dz
F 2 NJ LIS 2 LI SwHosé Bpert cfiakaxtér fvasdintained by cultural burningsuch aurn pattern would

have alsdended to excludeDouglas fifrom some ofthe highest elevationsGiven that bythe late 19'-century,

5 2 dz3 exieAtWNa2 &o longer being limited by cultural burnjiitgwould havebegunexpandng mostly

downslope Butthere would alsohave beersome room to expandpsloge.

Q)¢
w»
pufi

With the exception oNapaEast all study areas showed Douglas fir expanding in area since the early-26id
century Fig. 29. While not symbolized separately in the Results section, Douglas firappaecomponenbf the
Conifer forest shown in these mafsee Table Al on page ALO in the Appendix for an overview of this shift)
See vegetation tables in the Appendix for the percent of Doug fir §ad@everage in the late ¥9century
appears to havéeen on the order of 4% in these areas. CoveragéNiapa Easappears to have been close to
0% until after 1932This was corroborated by a mutfenerational resident of Napa East (Manfree 2023).

All areas exceplapa EasthowedDouglas fiexparding itselevationalrangebymy nn Q 6 { 2y 2 Yl 2 Sai
(Lake)The expansion in both cases was primarily dowrithphs and detailed results for each area are
covered belowOver the study periodslope aspeaton which Douglas fivere recorded expaded from one or
two directions to all eight cardinal and intermediate directions.
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SonomaNapa
On theeast Napg side of the study area, Douglas Fir expanded its elevational range from about 1500 feet in the
late 19" century to about 2200 feet in 2013nQhe West (Sonoma) side, the expansion was more rapid,
AYONBI Ay 3 T KEMunctooneR200yy G KSv oI F2NJ Fy FGSONI IS 2F o

Figure 30. Douglas Fir Elevation Shift
SonomaNapa East1870- 2013
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Throughout theSonomaNapastudy area, downhill expansion of Dougladfis been about twice as fast
downhillasuphil 6 2 dzi o ®pQ LPad mMdTQ Fyydz f¢fe&

The speed of downhill expansion appears to have been fastest in the earlier part of the study periogl, 1871
MPoHS GKSY GKS NIGS Aa SaiAa Yhe mi@R" ceniury, AR, &S| NP ¢ KS
HOHQKESEFENE |yR |3 A3¢nd2@3.ndy Q 8SHFNI 6SGoSSYy mopp

The speed of downhill Doug fir expansion appears to have been substantially faster on tlsideetthe study
area (Sonoma County) than on the esiste(NapaCounty).
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Sonoma West
Like the Sonom&lapaand 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 edgeof 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.

cC2ft2oAy3a (GKS mdpcnads 52dzatl a8 FANI SELI yRSR NI LIARf& d
ridges by 198. 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

Figure 31. Douglas Fir Elevation Shift
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Lake
Like the Sonom&lapaand SonomaNest 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.

52dz3 FANRA | LI NByi WEPEYSEEYRIBNEKAAT2aXybDs mhpaa (K
is similar to that seen in the SonormpaStudy Area, whereecentexpansion has also been under one foot
LISNJ 8SINJ 6nodT Qorethewés® S Sl ad aARSI no

Figure 32. Douglas Fir Elevation Shift, Lak872-1993
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California BayExpansion

T

In the NapaEast, Sonomdlapaand Sonoma West areas, California Bay were present but not abundant

in the 19" century. They do not appear at all in the record for Lake. Early surveys only rarely recorded
.heda SAGKSNI A o0SFNAY3I GNBSa 2NJAY [AYS RS&aONRLX
This absence strongly suggests they were not abundathiaatime (see Vegetation tables in the

Appendices for each Study Area).

Vegetation data suggests acrease irCalifornia Bay over the study peridd Sonoma West, Bay
quadrupled (4X) in area between the 1960s and 20I8s.increase in other study a®is less
conclusive duet®ayd SAy 3 f dzYLISR Ayid2 (KS WaPosnidry¥Bveys NRg 2 2 F

BLACK OAK DECLINE

T

T

Black oaks are known to be in decline over much of California (Hammett et. aj..201jet. al 2017

This decline has been tied to fire suppression in tHé&tury and the cessation of cultural burning by
Indigenous peoples.

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

come to a close or been saedy reducedNot surprisinglyBlack oaks ara significant presence in the

early surveys, representing about 15% of the all th&-&8ntury bearing trees included in this study

(148/986).

Black oalpresence ranged from 8% of bearing trees in Lake andr8a West, to 18% iNapaEast, to

34% for Sonomdlapa(ii Qa dzy 1 Y 2 ¢ yrefdrrédthis dpede$erbiNgt oaks In later

YFELILAY3IS . f101 2F1a&a 6SNB 2F0Sy f dzYLISR 2V WMTFS NFED2 f (
WaAESR hl 1Q @GindiHDF @MdDhnSlc1998! MCR 8009), obscuring their subsequent

history.

CEFO1 2H1Qa SFNBAY3I RAAGNROGdzZIAZY Y& NBTE SO0 o2
Indigenous peoplesds. £ I O1 2F1a& | NB I WwWOdzZ G dzNJ farejtéded 1 2y S & L.
accordingly, it wouldbe expectedo find more Black oak&here high concentrations of Indigenous

people as are believed to habeen livingn Napaand Sonoma Valleys before"t@entury settlement

(compared to Sonoma West and Laki)e rehtionship 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 RESPONSEIREG

Fire-ShrubWoodlandFire Cycle

The most dynamic vegetation changesurin the Frequent Burn Zones (FBZs) of Sonblapg Sonoma West

and Lakestudyareas Over aperiodof 40 to 60 years/egetation swings back and forth between being primarily
shrubland to primarily woodland, withwWiRF A NB | OG Ay 3 & GKS WNB ¥&étatiandzi G 2 y
history and fire history are especially closely linked in these areas.

Immediately after a fire, shrubs, particularly chamigeickly becoméhe dominant lifeform, coverindgrom haF
to three-quartersof these FBA. As years pass without firemoodlandsbegin replae the shrubdands. By2013,
forty-nine years after thd964fire, woodlands covered86 of theSonomaNapaFBZ having replaced
shrublands at an annual rate of D%.Afterthe 2017 Nuns Fire the area again reverted tehrubland(Dawson
2018), thuspresumablybeginning anothecycle.

Vegetation in he Sonoma West FBZ shows a similar response, being 47% shrub at six years post fire, declining to
7% shrub 54 yeaiadter a fire. Woodlands increased during this time from 48£80% for a replacement rate of
0.88%/yearThe Lake FBZ shows a similattern: at 6 years post fire50%wasRS & A Iy I 6§ SR a KNHz 21
41% woodlandFortythree years later, shrublands wereduced to 21%, while woodlands covered 77% of the
landscape giving anannual replacement rate of shrubland by woodlaofd.84%.

Going one step further, we clipped out tpestfire shrublands in these FBZ#hat is areasvith 100% shrulin

the first de@de after a fireTracking changeeveakdan even more rapid succession, with woodland replacing
shrublands at the rate of 3.25%/year (SoneNap3d, 2.4 %/year (Sonoma West), and 1.26%/year (Lake).

rate of replacement declines with time, going downotaly 0.5% in Sonormidapaand Sonoma West (Lake lacks
the data to track this metric).

Thisagrees withthe findings of many researchers thite has many ecosystem benefits, includprgmoting

the creation of biomass (productivithy replenishing soikftility and reducing competitionGalifornia Air
Resources Board 20RXChamise and Manzanita have been shown to grow most quickly in the-fiesy8ars

after fire, with growth tapering off after that (Sampson 194@)int McKay stated that his people would burn
chaparral when it grew too high for the deer to browesasily, which may have more or less coincided with early
postfire period.

The speed of this transition also points out the potential for error when ugsggtation maps more than a few
years oldfor analysisWithin a tenyear time frame, shrublands declitciéy up to 1/3 while woodlands
increasel by a similar amount.

Thefire vegetation cycle in thBlapa EasEB4s nearly norexistentcompared to the other three aresa
remaining more or less in a steady state between 12 and 35 years post fire. Clippjagt the 1993
shrublandq12 years post firefeveab weakevidencefor the fire-shrubwoodland cyclewith woodand
replacing shrub at an annual rate of just 0.13%.

An extensive literature search was unable to locate other studies or documentation of tfehfirbwoodland
fire cycle.
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While the general pattern of woodlands replacistgublands holds true in dtbur study areas (if weakly Mapa
Eas}, the patterns vary considerably:

SonomaNapa Hardwoods (oaks, madrone and bay, in order of abundangayceshrublands about twice as
fast as coniferd.ikewise, the rate of replacement by knobcone pine wasamapid than for Douglas fir, though
this could have been enhanced by active seeding after the 196@-ige33).

SonomaWest: Similar to SonomdNapa Hardwoodsnitially replaced shrublands momapidy than conifersn
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 portidig. 34).

Lake:By 49 years podlisturbance(possibly a combination dire and timber harvest¥onifers had replaced
shrublands at more than twice the rate of hardwoods (Lake lacks any earlier Batapt types, in order of
abundance, are Klamath Mixed Conifer, Cle€sthe Pine Cypress and Dougladtfis unknown if anyost fire
or post harvest planting was doiiEig. 35).

NapaEast Woodlands replaced shrublands very slowly between 1993 and 2016 (12 to 35 years post fire). These
were all hardwood speciesno conifers were recordefNo figure. See Appendix).

Figure 33. Sonomdélapa FBZifeform 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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Figure 35. Lake Lifeform FBZ Transitions
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VEGETATION RESPONSE TO TIMBER HARVEST

The1950Sett S3 YIF L) F2NJ GKS [1S &adGdzRe I NBI AyOf dzRSa decpp
Two decades earlier, 75% of this area had been forested with conifers (50%aramebods (25%). It is assumed

that timber was harvestetierein the 1940s as part of a large, documented commercial logging operation
(California Departmentof Foregtr ® . @ MddpoX pdz 2F GKA&A W. I NNByQ | NBI
Conifer and 2% 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 mejplg was done after the timber harvastvhich

couldaccount forsome ofthe change.

The annual rate of replacemeitT Wo I NNBvgotlany iRiee Laké siuly arebetween 1950 and 1993
was 1.37%very similar to the rate ahrubto-woodlandreplacemat 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 ardarrtes harvestarea

(Weber 1926)vas 71% forest. This is close to the extent of forest around 18f0re intensive logging. But

what had been predominately Redwood fordstfore harvest (c. 187@yas now Tan oak, Coast Live oak and
Madrone woodlands, comprising 61% of the harvest aBgathetime this woodland was mappeatjain in

1993, it had returnedo being predominately conifer (54%), dominated by Redwoods. The hardwoods had
shrunk to onethird 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 conifand 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% Dotifidir Oak mixed woodland).

It should be notd that between 1965 and 2013, tii@mber Harvest Zonghows an accelerating dénein the

human footprint (22% down to 9% in less than 50 years) with a corresponding increase in the forested area.
LyiSNBalGAy3Iter GKS O2Y0AdeBIRY @ ONB2 HISNF Y NI A3 2 RIRY I NIRIQO
about 100 acres over a half century). The most obvious explanation is to assume that as the trees grew, their
OFy2LIASa KAR Y2NB FyR Y2NB 27F (KS dikedityabgvgeigyariallon i NHzO i
satellite imagery).

Seconagrowth redwoods at one former homestead in the Calabazas Creek Preserve (Sdapghandicate
timber harvesing by homesteaders in the ¥9th century, probablyfor their own use and was necommercial.
Salvagedgging is known to have occurred at the Preserve after the 196448 ¢his was concomitant with the
fire, the burn and harvest are considered a single disturbance for the purposes of thisEusadpuld skewthe
analysis of vegetation change in thBZ though ashownabove, thereseems to bdittle difference in recovery
rates between fire and harvest disturbance.
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VEGETATION CHANGEhe ABSENCE OF FIRERE BURN ZONES (RBZs)

Overall, vegetation change the RBZsccurs at draction of the rate seein the Frequent Burn Zones.

SonomaNapa Given the largenpportion (about 2/3)of chamise angoung (small diameteaks recorded

here around 1867, we can infer that this area experienced Indigenous cultural burning in th&®acgntury.

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% woodlawae-quarter of which was conifer (mostly Douglas fir).

The annual woodland expansion rate wa8@b, about half that seen in the FBZ at 30 years+ posbDiinaglas
fir was responsible for this increasénerhardwood proportion declineslightly over the 20 century. Between
1993 and 2016, woodland extent continued to increaseoaghy the same ate (0.3%/year), adding 7% during
this time period Hardwood forest made up the bulk of the increase (6% vs.1% for conifers).

SonomaWest: 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 Laks also difficult to interpret due to timber harvest overlapping with this zone. Taking the
43 years of recorfree fromdocumented disturbance (19501993), we see the woodland extent growing from
68% to 89%, close to tresstimatedpre-harvest valuén the 19" century. This gives an annual woodland
expansion rate 00.49%, about the same as the later pdis¢ period in the FBZ3.he higher rate here than in
SonomaNapa(0.27%) may represent a shorter time since disturbance in.|Gdfers were responsible for the
majority of this increas@ the Lake RBZ.

NapaEast TheNapa EasRare Burn Zone was the only RBZ with documentes| firkich occurred i1913 and
1981.In 1932,19years after this fire, 31% of thikBAvas recordedas woodlandThere was virtually the same
woodland extent in 1993 (30%). The 14% decrease in shrublands was primarily takeanipdogased human
footprint. The samdrajectory happened again between 1993 and 20%6th woodland unchanged and
shrublandsbeing converted to agriculture.
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GRASSLAND

1 Grassland (Herbaceous Lifeformaamot alargecomporent of vegetation in most places and times
included in this study, usually covering wiellowten percent of the landscape.

{1 Estimates for grassland cover in thé"i&ntury are all in the low single digitosidering the later
record,lumpedW K SNDB 2 NJ aKNHz0 Q RS&A Iy ( Asarg probablydsbitub).S R G 2

1 In Sonoma WesLake andNapa Eastjrassland cover peaked in the aftermath of timber hanzasd
fire, reaching 8%11%and 9%respectively, before decliningrassland in the Sonoridapastudy area
appears to be very slowly increasing, from 2% to 5% in 80+ years.

1 Grasslandppeasto be the most stable lifeform on all four landscap&ke 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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EMISSION&nd 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 developecommendations 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 emissionsugliestration 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 restdc® dzNJ I 6 A £ A (1 & elcéntribuBo®E NI I Ay (0 K
gAt REFYR FANB G2 DID FYyR SNR&az2ft SyAaaAirzyaodéd CdzNIKS
sequestration of BC [black carbon] into the soils following wildfire that may serve as a partial offset of GHG and

I SNE & 2t a ow that vildfiRr2gerierglly consume two to four times as much fuel per acre as prescribed

fires, resulting in more greenhouse gas emissi@eder et. al. 2018; Ottmar 2013). This is because wildfire

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

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

h@dSNI f2y3a GAYS LISNA2Ra 6SdaAd YdzZ GALX S RSOlaRSao Ay d
balanced by cady O LJidzZNBE FNRY F2NBald NBIAINRgOGKXdzyt Saa | f1
FANB NB(dzNY (Somin&s\aD al.f2614) T« the/eR&hEthat our study areas could be considered to
KFEI2S Wdzy Yl yI 3SR FANB ubhfaBalancs éxists in dertakh plactsiigh i is inpoSsiblé K | G &
to know.

ax

Estimating carbon capture or sequestratisrequally or evenmore difficult than estimating emissions.

Research is needed to understand the charred residue and ash remainingraftbofv much of its carbon

becomes sequestered, and how much black carbon, organic carbon and brown carbon end up in the atmosphere
(Ottmar 2013). Likewis¢he fate of underground carbon in roots killed by fire in not well known.

One suggestiontoaddréas 1 KSaS ljdzSailiAz2ya Aa G2 RSOSt2L) aSyKIFyOSH
understanding of longerm, landscapescale ecological responses to fire, provide data to evaluate effectiveness

of management activities, and identify key emerging ecologéayd YA O&d ¢ oO0{ 2YYSNAE SiGo | ¢
finding in this study was that the most figrone places, the FB4snd to have the most dynamic cycles of

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

these placesnay bewhere 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 n@&& (s example,

from 3.25% to 0.5% amwally 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 stocksgMal 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, assulmtmahat

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 scitantifie, has high productivitiNet

LINA Y NBE LINPRdzOGAQGAGE Oly 0SS dzaSR a2 ARSyGuAFe SO2ae
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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 burninga wildfire.
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ADDENDUM

CATASTROPHIC FIRE, WISIBUEIDRIVEN WILDFIRES
AFIRE EXPOSURE MET&I€aPOSSIBLE TIPPING POINT

Applies to: 1) Relationship of vegetation, fire, and people; 2) Fire frequeneggetdtion patterns;
3) Minimizing 4) Tipping points for catastrophic fire; 5) Fire as a stewardship tool

Recent large wildfires in Sonomidapa and Lake Counties include the Valley Fire in 2BE5Nunns, Tubbs and

Atlas Fires in 201 7he Kincade Firen 2019 and the Walbridge and Glass Fires in 202yether they burned

about 370,000 acres, or nearly 600 square miles. For people who lost their homéfg tfealoved one or even

their own, these were obviously catastrophic evemgeparing for and perhaps preventisgchhugefires is a

key question as climate change steadily moves the worldriete and unfamiliaterritory. There is concern that
GOdZNNBY i FANB LINBRAOGAZY aeaidSyvyaXYIdNBy ZFih NSS SGTABNREYS
(Sommers et. al. 2014).

Are theserecentfires truly unpecedened?Areg S | £ NBF R& Ay | ®@ThizdrdaeBo thedeNBE Sy
questionsmayd S 0 2 (1 K W @AScarfing lthgPR17 $oh@rd Qomplex Figes & (i 2 websiteYSoriama
County2019)a ¢ KS HnamT TFANBA& 6SNB SE G NSinil&riiresiodns in 984 1923y LINBE O S
and 187C¢ But consideringust the Nunns Fires of 1923, 1964 and 2017 shows #ittough weather

conditions were similathe 2017fire wasclose totwice aslarge asany previous fir€Fig. 36)On the other

hand,the 2017 Tubbs fie (outside our study areashoesfit within the historical patternand wasquite a bit
smallerthanthe 1964Hanley fire(about 36,000 acres vs. 55,000 in 1964)

[ 221 Ay 3 |G (K &smeasurddSvithinihk Sudy afRiFuledk3&9), showsthe Valley and Nunns
fires trulywere unprecedented The Walbridge firavasslightly larger than any before it Bonoma WestThe
2017 Atlas firavasslightly smaller than the 1981 Atlas fire.

For thisdiscussiod WO G | &i§ deBneddsbn® of Thateklseled fires in Figured6-40, each of which
coveled >35% of theirespectivestudy areathe 1964 Nunns Fire was snaalbut is stillwithin living memory
and included for comparisQnThese

wildfires are clearly an QrQer of magnitude Figure 36. Sonom&lapa Fire Extent

larger than the otherswithin the human 1870- 2020

community, these fires are well
as % of Study Area
remembered for many decades afterwards ( ° y )

<
w 80
What factors are behind these catastrophit QE 70 o
fires? Is there a tipping poithat might > 60 NUNNS 2017
accountfor their unusualsize?A tipping 5 50 NUNNS 1923
point would exist ifa small change in (l7) 40 o
conditionsled to a dramatic change in L 30 NUNNS 1964
outcome. This could be a slight increase ir  © 20 o
: : X 10 © ,00 o
wind speedor temperature,a slight © o © Ooo OOO ol o o o) 5
decregs? 'm‘%m'd'“r:-_f?? some;ther:b ) 1850 1900 1950 2000 2050
seemingly minor shift in conditioriba
gy YEAR

turnsan averagdire into a catastrophic
one.
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Figure 38. Lake Fire Extent, 182020
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Figure 39. Napa East Fire Extent, 182920
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High winds have been a common element in

most, if not all theseatastrophidires. Wind

speeddata is not available for most of these

events. But newspaper descriptiangHowling
GAYRAZIQ WKAzZNNR OFyS T2NDOS
a 0 FtysiyGesconditionssimilar to those

recorded in 2017¢ KS HnamT W2 AYyS [ 2
CANBAZQ 6KAOK AyOfdRS (K
FANBaAZ KI @S 0SSy dzaSR | &
RNA @Sy Q -REND 8zifeQ KéelieE R T

and Syphard 2020). A {1 S$6A &Sz GKS WnH

{2y2YlF [/ 2YL}X SE CANBaQ 68§
County 2019) link these fires to Sonoma
[ 2 dzy G BLIONE WS ANBY R O2 NNA R2 |

Wildfire forecasters have identified a trio of

tipping points known as thé 0-30-30

/| N2 aa2 @SN wdzA Soé¢ 1'a RSao
(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 taontrol until

weather conditions change.

Using data from Geyser Peak and Sonoma
Mountain, we evaluatedvind conditions
duringthe 2017 Nunns and Tublffisest a
portion of Nunns and all of Tubbs weretside
our study areas but provide a useful
comparison in a more regional conteXye
assuned a critical threshold of 18.6 mph
windspeedior aW g AR/NA @ S Yding tkde NB
criteria, theconditionsfor a wind-driven fire
lasted from the evening of Octob&rthrough
noon on October 9Both the Tubbs and Nunns
fires started around midnightUsing MODIS
data (Fig 40), which shows heat data at 6
hour intervals, walesignatedareas that

burned before 12:30 pm on October 9 as

Yo ARNA Sy Q | YpuRnedi K24 S GKI
F FOSNB I NRERA P&y @@ dzS
' Y RSN BaoS1é¢aoNdzt ST GKS O2Y

humidity, temperature and wind creates a
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Figure 4. Windspeed and Fire
Spread Tubbs and Nunns Fires
October 2017.

tipping point for extreme fire behavio&ince # three are required, removing windspeed from the miauld
meanthat humidity and temperaturelo not representipping pointseither individually or in combination
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