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Introduction
Workshop Overview
The need for science-based approaches to vegetation management across jurisdictions has
become critical in light of the recent severe drought and extended fire season in California.
Increased attention to forest and fire management in the northern Coast Ranges is particularly
urgent, to complement studies of southern California chaparral and Sierran conifer forests. The
Fire Mitigation and Forest Health Workshop for the Mayacamas-to-Berryessa Coast Range
Region was held on May 20, 2016 at Pepperwood’s Dwight Center for Conservation Science in
Santa Rosa, California to help meet this need. Hosted by the Bureau of Land Management
(BLM) and Pepperwood’s Terrestrial Biodiversity Climate Change Collaborative (TBC3), the goal
of this invitational workshop was to bridge from science to practice in managing North Coast
range forest and chaparral
ecosystems in the face of climate
change and fire (see Appendix B:
Study Region Map for the area of
focus). Sixty-five researchers and
land managers attended the daylong workshop, which included five
expert panels (see Panel
Presentation and Discussion
Summaries) and an afternoon
breakout session focused on four
collaboratively selected themes
(see Breakout Session).
Multi-Objective Forest Management Breakout Session
Workshop Objectives and Outcomes
The Fire Mitigation and Forest Health Workshop Steering Committee designed the workshop to
achieve the following objectives.


Facilitate a dialogue across disciplines to advance science-based management of our
North Coast range forest and chaparral ecosystems.



Understand the diversity of potential management goals among agencies.



Understand the history of fire in the region and traditional vegetation management
strategies.



Determine where existing science effectively informs management practice in the face
of climate change and fire, and where there are knowledge gaps.



Share challenges, lessons learned, and innovative ideas in vegetation management for
fire-prone ecosystems, as well as post-fire ecosystem response.



Understand observed and projected impacts of climate change on our North Coast
range forest and chaparral ecosystems, and consider how both short- and long-term
management objectives may need to shift due to changes in forest composition and
increased fire frequency.
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Identify opportunities to collaborate to fill knowledge gaps and to advance our forest
practices.

As a result, scientists and managers are now working together to achieve the following
outcomes.


Identifying key ecological processes across forest and chaparral communities typical of
the Mayacamas and Berryessa ranges.



Improving linkages between research findings and applications in ecosystem
management in light of climate variability for managing drought and other stressors in
the Mayacamas-to-Berryessa bioregion.



Exploring how to manage for multiple benefits, including storing carbon and avoiding
catastrophic fire, while maintaining other ecosystem and watershed benefits in this
region.



Advancing shared goals and consistent messaging to our communities regarding the
benefits of multi-objective management.

Workshop Design and Structure
Pepperwood’s TBC3 and the BLM deliberately convened colleagues from multiple disciplines for
the Fire Mitigation and Forest Health Workshop as a key first step to advance climate
adaptation in our multi-jurisdictional landscape. A steering committee of representatives from
BLM, Pepperwood, and the University of California, Berkeley worked with a professional
facilitator to design and implement the workshop, integrating valuable advance input from
engaged moderators and panelists to guide the agenda for the day. Pepperwood’s Education
Director conducted the workshop evaluation. Refer to Appendix A: Workshop Agenda for the
complete public agenda.
The steering committee invited both scientists and land managers with forest and fire ecology
expertise to advance a dialogue across disciplines. Invitees represented universities, local land
managers, and local, state and federal governments. Public agencies engaged included local
counties and water agencies, regional parks and open space districts, the California Department
of Forestry and Fire (CAL FIRE), the California Department of Fish and Wildlife, the Bureau of
Land Management, the National Park Service, the US Forest Service, non-profit organizations,
and private industry. For a complete list of workshop attendees, refer to Appendix E: Workshop
Participants.
An afternoon breakout session provided an opportunity for theme-focused discussions
between panelists and participants centered on potential collaborations and filling knowledge
gaps. The breakout group themes were chosen collaboratively, with attendees suggesting
themes throughout the day that were recorded on poster paper at the front of the room. Based
on a group discussion at the close of the workshop panels, four core themes were defined, plus
some additional side topics, and attendees joined one of the four groups. For more details on
the breakout session and each breakout group, please refer to Breakout Session.
2
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Vegetation Management in Fire Prone Ecosystems Panel

Panel Presentation and Discussion Summaries
The following five expert panels were convened.


Overview of Fire Ecology and Forest Management



Vegetation Management in Fire Prone Ecosystems



Integrating Carbon Sequestration into Vegetation Management



Post-fire Ecosystem Response



Impacts of Climate Change on Local Forests and Chaparral

Each panel, made up of three to four speakers, responded to a set of key questions posed by
the Steering Committee, and was provided up to 15 minutes for discussion engaging all
workshop participants. Below are summaries of each presentation and subsequent question
and answer sessions following each panel.
Workshop presentations can be accessed at the following website:
http://pepperwoodpreserve.org/fire-and-forest-health
PANEL 1: Overview of Fire Ecology and Forest Management
Panel Goal
Review the fire history of the region, summarize current fire prevention and response
management strategies, and discuss successes and challenges in applying science to
management practices in the face of climate change and fire.
Key Questions
1. What is the current thinking about fire-ecosystem relationships?
3
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2. What are the fire regimes by vegetation type?
3. How effective are traditional fuel reduction strategies at reducing the risk of
catastrophic fire?
4. What are agencies doing in practice; how are they different? What is the current menu
of management practices being applied?
5. Where is the strongest nexus between science and management and where are the
gaps?
Panel Moderator
Jim Weigand, Bureau of Land Management
Panel Presentations
Jon E. Keeley, US Geological Survey
Jon provided an overview of vegetation trajectories in mixed chaparral and woodlands.
Highlights of his presentation include the following.


A lot of the Mayacamas-to-Berryessa landscape has no recorded fire history. Substantial
areas have not burned since the 1940s. The current landscape consists of older growth
and accumulated fuels.



Fire history is very different in lower- versus higher-elevation forests. There was a fire
peak in the 1920s, with a steady decline since, in lower elevations forests (under CAL
FIRE responsibility), but an increase in fire has occurred within higher elevation forests
(US Forest Service lands) in recent years.



Many chaparral species are capable of rapid recovery. Chamise (Adenostoma
fasciculatum) and many ceanothus, and manzanitas are resprouters and create burls
around their base containing dormant buds.



Obligate re-sprouting refers to the response of some shrubs after fire. These species can
also recruit new plants via seeds if no fire occurs. Obligate fire seeders require fire to
germinate seedlings. They germinate the year following fire and then subsequent
annual seed production enters the dormant seed bank, waiting for the next fire.



Most species that germinate following fire are triggered by chemicals from wood
charred during the fire and/or smoke, but not the heat itself.



Aspect drives shifts in vegetation composition. Fewer obligate seeders are found, for
example, in north-facing oak woodlands versus south-facing chaparral.



Oak woodland species generally do not have seedling recruitment following fire.



There are four response categories of conifers to fire.
o Fire avoiders – occur in zones like alpine deserts where wildfires are rare, for
example, whitebark pine (Pinus albicaulis) (see Keeley, JE. 2012. Ecology and
evolution of pine life histories. Annals of Forest Science 69(4): 445-453).
o Fire toleraters – fires stay close to ground, survive fire, recruit from adult trees;
example ponderosa pine (Pinus ponderosa)
4
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o Fire embracers – embrace fire, retain all dead branches, serotinous (closed)
cones, for example, western cypresses (Hesperocyparis spp.) and Bishop pine
(Pinus muricata)
o Fire refugees – no re-sprouting, no serotinous cones, persist in localized refugia
that the crown fires do not reach and recruit and expand their range during long
periods between fires, for example, gray pine (Pinus sabiniana). Refugia may
include serpentine outcrops that have low biomass so fires do not spread
through these areas or in moist, north-facing drainages.
Scott Stephens, University of California Berkeley
Scott provided an overview of vegetation and fire regimes in the Mayacamas-to-Berryessa Inner
Coast Range region. Highlights of his presentation include the following.


There is a lot of evidence from early explorers’ notes and interviews with elders about
Native American use of fire. Traditional fire use had an immense influence on the land.



Historically fires have been frequent in grasslands, oak woodlands, and mixed oak
woodland communities, mostly resulting from anthropogenic sources for enhancing oak
acorn collection, other food resources, culturally important fiber plants, clearing of the
understory, etc. There is little culturally prescribed fire currently.



The chaparral community has a comparatively infrequent, high-severity fire regime.
Prescribed fire used by ranchers and hunting clubs is the most important disturbance in
this vegetation type.



The knobcone pine (Pinus attenuata) community is mixed with chaparral and other
hardwood species. Fry et al. (2012) discusses aging stands on Cow Mountain. Some tree
stands seem to be closely correlated to fire events; others have longer periods of
recruitment (refugia stands). Stands were about 50/50 for fire- vs. refugia-generated
stands.



The ponderosa pine community has a regime of frequent, low-moderate intensity fires,
but fire suppression results in massive change. Restoration is needed to reduce density
and fuels in fire-suppressed stands to avoid eventual catastrophic wildfire. The limited
markets for wood are a big issue. The question is always where do you send all this fuel?



Hobergs is a small community outside Boggs Mountain State Forest that used to be a
resort. In November 1967 it was the fire ecology capital of the northern hemisphere.
Herbert Stoddard, Harold Weaver, and Harold Biswell [the “fathers” of fire ecology]
were all there at the Tall Timbers Fire Ecology Conference. There, they subsequently
burned as a means to conduct fuels and hazard reduction in the ponderosa pine system
in the winter because of the depth of needles on the forest floor. After Biswell retired in
the early 1970s, the prescribed fire program in Hobergs ended. The resort burned down
in the 2015 Valley Fire. The take-home lesson is: We cannot rely on strong personalities
to maintain programs. Institutions are needed to maintain fire through management at
the appropriate scale and duration.
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The rural nature of this area limits the instances of human ignitions.



Restoration of forests is critical. Ecological responses to treatments are positive
(Stephens et al. 2012).



Fires at the urban-wildland interface are a growing challenge.



Applications of practices akin to Native American fire management may become more
widespread due to their efficacy.

Miriam Morrill, Bureau of Land Management
Miriam discussed how the BLM integrates climate change into its planning processes. Power
Point slides were not used, and therefore, a presentation is not posted. Highlights of her
presentation include the following.


It is important to do outreach early in the planning process for climate change
adaptation. We need input from experts to assist with designing innovative approaches
to fire management.



BLM Resource Management Plans (RMP) cover large areas and meet multiple objectives
on a 5- to 15-year cycle.



The Fire Management Plan (FMP) objectives are part of the RMP. For climate
adaptation, BLM needs to look at incorporating new concepts and introduce options for
experimental processes (e.g. post-fire restoration planting regimes) tiered from the
RMP. FMPs are becoming more visual with data layers and models that display detailed
information and fire behavior across a landscape, which should improve updating and
communicating with partners. BLM needs to find ways to better support fire
management objectives in RMPs at the larger national scale, and within larger ecoregion
networks and initiatives, to build support for more adaptive management.



Fire Management Units (Cow Mountain, for example) are smaller management units
where more focused management objectives and prescriptions can be defined. The
challenge logistically is to develop integrated landscape-level burning practices. Smallscale planning can be a disadvantage if you are not talking across property boundaries
about the collective benefits of fire management on a large scale. Stand prescriptions,
scheduling, monitoring, etc., need to be taken into consideration in developing
collaborative partnerships and management.



Budgets tie national objectives and a target number of acres to be treated, which can be
a constraint at meeting local and collaborative needs when not flexible or focused in
areas that may not match up with active partners. A large percentage of BLM fire
management (fuels management) funding is directed towards the Great Basin right
now, so creative and innovative partnerships are needed to support more adaptive fire
and conservation management efforts in this landscape area. Funding for monitoring
fire effects and outcomes of fire management may come from a different funding
sources or may not be funded at all. How can we make sure that management and
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monitoring can actually occur and be incorporated into adaptive management and
planning?


Reporting needs to include information about benefits of fire, not just how many acres
were burned. Better communication and success stories are needed to communicate
broader needs and increase support and flexible management.



The big question remains, how do we integrate climate change and deal with
uncertainty looking forward? Developing landscape science partners will be key for
BLM’s public land management.

Open Discussion
 The California Fire Science Consortium website (http://www.cafiresci.org/) provides
one-page summaries of scientific publications. It also includes announcement for firerelated workshops and field visits.


The BLM is partnering with the US Forest Service and EcoAdapt on the Northwest
California climate change vulnerability assessment. This assessment includes the new
Berryessa Snow Mountain Monument. We are hosting workshops to bring in fire and
climate change management issues. This venue is a good way for the public to become
involved.



Hydrologic response and fire recovery: What is the vegetation doing post-fire? What are
the rooting depths, leaf area index, etc., during recovery? How long does it take for
certain species to recolonize? Where do they draw nutrients from in the soil zone?
o Chaparral re-sprouting shrubs come back quickly and tend to dominate on mesic
slopes.
o Water profiles are different on different aspects. Mesic slopes (north-facing)
tend to have drier soils in summer than more xeric south-facing slopes because
deep-rooted species draw water out of the soil through evapotranspiration.
o Illilouette Creek Basin: The National Park Service manages lightning fires in this
Basin south of Half Dome. The runoff coefficient from the creek where fire is
managed is flat, but in areas with no fire, the runoff coefficient has decreased.



In redwood (Sequoia sempervirens) and Douglas-fir (Pseudotsuga menziesii) forests,
lightning ignition is rare currently, but evidence of historically consistent fire intervals
suggest that people started fires. Redwood forests have a fire interval of 10 years, are
not as flammable as Douglas-fir, and propagate low surface fires (Stephens and Fry
2005). Douglas-fir stands have a mixed severity of 30-80 years between fires, are much
more flammable, and have higher fire intensity and flame lengths. Native Americans
have been burning in redwood groves for hundreds of years, which is a brief amount of
time in the history of redwoods. Adaptation to fire is evident in the capacity of redwood
to resprout. Giant sequoias in the Sierra Nevada undergo frequent, low-intensity burns.
The cones are serotinous, but they do not re-sprout following fire, as redwoods do.
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Duran and Muir in a 2010 publication contrast results from mastication vs. burning in
chaparral in southwest Oregon.



van Mantgem et al. (2015) has a published synthesis of literature on animal behavior
during and post-fire. At the Hastings Nature History Reservation, while fire was burning
through grasslands, a salamander was observed secreting saliva on its feet to facilitate
walking across charred and burning areas. There is natural history waiting to be
discovered!

PANEL 2: Vegetation Management in Fire Prone Ecosystems
Panel Goal
Discuss vegetation management strategies to advance forest health and mitigate fire hazards.
Key Questions
1. How effective are traditional fuel reduction strategies at reducing the risk of
catastrophic fire (e.g. ladder reduction vs. fire breaks)?
2. Are there opportunities to more effectively reduce fuels while maintaining forest
ecosystem health?
3. Beyond biomass reduction, are there other ways to manage vegetation that can reduce
flammability or fire intensity?
Panel Moderator
Fred Euphrat, Forest, Soil and Water, Inc. and Santa Rosa Junior College
Panel Presentations
Megan Scheeline, CAL FIRE
Megan provided an overview of CAL FIRE’s Vegetation Management Program. Highlights of her
presentation include the following.


The wildfire triangle influences fire behavior and includes: (1) oxygen, (2) fuel, and (3)
topography and weather. Fuel is the only thing we can control aside from human
ignition sources.



Vegetation management includes mechanical removal (e.g. bulldozing and mastication),
hand removal, and prescribed burning.



CAL FIRE manages fire-prone lands near dense communities to slow fires down by
creating fuel breaks or other fire obstructions.



CAL FIRE is also engaged in education to reduce human-caused wildfire and promote
fire-safe behavior.



CAL FIRE is limited in resources (staffing) in its North Bay Area region and encourages
land owners to start their own FireSmart vegetation monitoring. CAL FIRE offers an LE-7
project burn permit, where CAL FIRE does not accept liability but agrees to be on
standby when a land owner undertakes a prescribed burn.
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Private companies will implement prescribed burns, and the California Fire Safe Council
offers financial assistance for prescribed fire through a competitive application process.



Personal liability insurance is carried by BLM fire officers, and may be available for those
who would like to burn.

Michael Gillogly, Pepperwood
Michael provided an overview of fire management at Pepperwood Preserve. Highlights of his
presentation include the following.


Pepperwood’s recent forest surveys show it presently has a high tree stem density per
acre in large parts of the preserve. High stem densities are a primary vegetation
management challenge, which we address by hiring fast-moving chainsaw crews and
engaging volunteers. Slash is left on the forest floor, utilizing a lop-and-scatter method,
cutting material into small pieces that fall to the forest floor to decompose.



Pepperwood has recently developed an adaptive management plan that addresses
potential changes to ecosystems due to climate change, and seeks to incorporate
comprehensive monitoring for effectiveness of vegetation and fire management.



Pepperwood is experimenting with grazing in forests and woodlands, and is interested
in the potential role of grazers for managing vegetation in these ecosystems.



The Nature Conservancy offers Prescribed Fire Training Exchanges, which are a great
way to get training on fire methods.

Clint McKay, Pepperwood’s Native Advisory Council
Clint provided an overview of Native American fire management. PowerPoint slides were not
used and therefore a presentation is not posted online. Highlights of his presentation include
the following.


Native people of California should not be spoken about in the past tense because they
are still here. Fire management, however, is a case where the behavior has changed
from the past and is spoken about in the past tense.



Native American land practices reflect what works, without focusing on why, the way
science does. Certain plants and animals come back better after fire, depending on
frequencies of fires.



An intricate connection with the environment derived from watching, listening and
acting has informed Native American management practices.



Burning was a common practice for safety near homes as well.



Pepperwood has partnered with local Native Americans on practices that incorporate
their cultural knowledge into land management.
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Kate Wilkin, University of California Berkeley
Kate provided an overview of chaparral fire hazards. Highlights of her presentation include the
following.


Chaparral is 7% of California’s area but includes 25% of our species diversity.



Chaparral is thought of as fire-dependent. However, chaparral can be excluded from
areas where fire frequency is too high. Shrub cover can be lost to annual herbaceous
plants and grasses with too much fire.



Kate completed her graduate work analyzing a 10-year experiment of fire and
mastication in chamise chaparral in Lake County.



Obligate seeders, e.g. buckbrush (Ceanothus cuneatus), were found to increase only in
masticated units, despite a positive relationship with smoke and heat for recruitment.
This result is perhaps due to decreased chamise competition in the masticated
treatments.



Changes to fauna post-fire can include reductions in bird diversity in masticated plots
and a trend toward generalist bird species. Control plots had high bird diversity as did
fire plots 2-3 years post-fire.

Open Discussion
 Has anyone investigated changes in carbon stocks due to fire? John Battles has looked at
this question in forests, but less so in chaparral. CAL FIRE monitors air quality of
emissions associated with burns.


Effectiveness of fuel breaks should be studied. A key strategy is forethought about areas
where access will be needed in the case of wildfire. CAL FIRE plans fuel breaks with a
focus on access for fire and defensible space, and local focus on shaded fuel breaks
along roads. The US Forest Service has a different approach, focusing on clearing ridge
tops.



Was the masticator washed before the experiments to reduce invasive plant
introductions? Unsure.



Masticators are expensive. Tracked chippers are another method alongside hand crews
in hard-to-access terrain. The US Forest Service is utilizing this method in the Stanislaus
forest. The end result is much like mastication. Mastication may reduce bird diversity
because it suppresses re-sprouting, a desired characteristic for fuel breaks.



Fire agencies today burn from the top of the hill down to control fire. Native practice is
to start at the bottom and let it burn to the top of the hill, with the caveat that burn
frequency must be high enough that the burn is still low and slow. Under fire
suppression, this method would enable out-of-control burns, but ideally the burning
could be implemented in a well-managed landscape.
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PANEL 3: Integrating Carbon Sequestration into Vegetation Management
Panel Goal
Characterize strategies for carbon sequestration and how best to balance it with other multipleuse resource management objectives.
Key Questions
1. What is the state of practice for carbon inventories, and the integration of carbon
sequestration into forest planning?
2. How does fire factor into carbon inventories and ultimately meeting sequestration
goals/targets?
3. Does anyone include below ground carbon as part of the equation?
4. What are the prospects for using remote sensing for tracking forest, oak woodland, and
chaparral management, fire recovery, and carbon sequestration?
Panel Moderator
Lisa Micheli, Pepperwood
Panel Presentations
John Battles, University of California Berkeley
John provided an overview of how California counts carbon in forests and other lands.
Highlights of his presentation include the following.


California considers non-irrigated and non-urban lands as forested lands (non-irrigated
agriculture included in this).



California’s total emissions in 2013 were 459.3 MMTCO2e.



Five vegetation types are included in the amount of carbon captured statewide:
o Trees above-ground live carbon (AGL) = 91%
o Shrubs AGL = 8%
o Herb AGL = 1%
o Sparse vegetation AGL < 1%
o No vegetation AGL < 1%



Some carbon pools are better understood than others. (e.g. Gonzalez et al. 2015:
Aboveground live carbon stock changes of California wildland ecosystems, 2001–2010)
o Other carbon pools include: understory vegetation; standing dead trees (snags);
downed dead wood; litter; and harvested wood products (which are included in
the IPCC, but not counted in the U.S. Forest Carbon Accounting Framework).
o The majority of carbon may be stored in soil, but there is a huge flux in soils and
it’s largely unknown how it is changing. (Woodall et al. 2015: The U.S. Forest
Carbon Accounting Framework: Stocks and Stock Change, 1990-2016)
o Remote sensing may help to detect changes over time and keep track of
California forest health.
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Wildfires are contributing emissions and potentially causing rapid losses of carbon
stores in forest lands that are not readily replenished given slowed tree growth rates
and other climate-related factors.

Scott Kelly, The Conservation Fund
Scott provided an overview of The Conservation Fund’s North Coast Forest Conservation
Program. Highlights of his presentation include the following.


The Conservation Fund owns five forests: Big River, Salmon Creek, Garcia River Forest,
Gualala River Forest, and Buckeye Forest. Each property has four different carbon
projects.



The Conservation Fund’s North Coast Forest Conservation Program purchases these
forests for creating carbon offsets with the intention of managing them, including
harvesting timber.



For a carbon offset project to be certified through the Air Resources Board (ARB), it
must: (1) have a Forest Management Plan certified by the Sustainable Forestry Initiative
(SFI); (2) have a statistically robust Forest Inventory to demonstrate availability and
quantity of carbon stocks; (3) demonstrate the potential to maintain and increase
stocks; and (4) harvest timber in amounts less than net timber growth.



Three types of forest project benefits include: Improved Forest Management; Avoided
Conversion; and Reforestation.



Scott described the involved process to list a forest with ARB and to lock in a start date
for forest management for sequestration. This begins with constructing a statistically
valid forest inventory for long-term monitoring. The total cost to The Conservation Fund
to develop this inventory was $240 per plot – totaling $500k for approximately 73,000
acres containing 2,072 plots.



The minimum baseline level of carbon storage must be determined. Management of the
property must result in carbon sequestration higher than “Common Practice,” or the
average CO2e stock per acre in above-ground live trees from FIA plots; otherwise the
project is not feasible.



The pro of getting a project in place is that the offset is worth a lot of money; the cons
are the offset program is expensive to set up, you have to have a 100-year commitment,
there is uncertainty of project success, and there is a risk of the offset becoming
invalidated. For example, an accidentally felled tree within the wrong zone can
invalidate the carbon credits for that entire year.



Unanswered questions include:
o What is the residual land value when a carbon project is listed for the property?
o How do we split a parcel with a carbon project?
o When does The Conservation Fund stop selling carbon from a property?

12
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o What is the optimum blend of carbon offsets and timber volume to maximize
return for the landowner?
Matt Clark, Sonoma State University
Matt provided an overview on uses of remote sensing for vegetation monitoring. Highlights of
his presentation include the following.


Forest structure can be determined using LiDAR and forest species composition can be
determined using hyperspectral remote sensing.



LiDAR provides physical measurements of vegetation structure. It measures different
return times of laser signals, providing different levels or “heights” at each return. It can
measure actual gap structure, connectivity, canopy cover, max/mean height, and
topography. It can model above-ground dry biomass, basal area, stem density, leaf area
index, seral stage, and canopy layering.



Estimates of above-ground biomass with LiDAR (wall-to-wall forest structure) at Fairfield
Osborn Preserve on Sonoma Mountain were ground-truthed with on-the-ground plots
using 43 randomly selected stratified plots, with biomass estimated following ARB
protocols. Modeling live and dead trees together was shown to be the best method for
estimating biomass, and this model meets ARB standards. The Clark lab found that lowdensity LiDAR data had the same results as high-density, therefore the cheaper data set
works well for biomass estimates.



NASA will soon be providing space-based LiDAR. Global Ecosystem Dynamics
Investigation (GEDI) LiDAR will begin operation by 2018. This system will provide repeat
coverage in strips, essentially subsamples to compare to more complete LiDAR data as a
means to improve quantification and analysis of the global carbon cycle.



Hyperspectral Data
o A student in Matt's lab utilized AVIRIS-NG hyperspectral imagery (NASA) to map
the tree canopy at Pepperwood. They analyzed 432 bands of the spectrum at 2m
pixel size.
o They ground-truthed crowns of tree species at Pepperwood, and fed that data
back into the model. The output is a high-resolution map of tree species at
Pepperwood. Compared to WorldView3 multispectral data, this hyperspectral
mapping method was found to be more accurate.

Open Discussion
 Is AVIRIS-NG (next generation) better than previous AVIRIS data? Older AVIRIS data was
collected at the 30m pixel scale (similar to Landsat), compared to the AVIRIS-NG at 2m
resolution. AVIRIS-NG data was collected in 2013-2015. Just now receiving 2016 data for
spring, summer, and fall.


What is the potential to do a carbon mitigation project similar to the Conservation Fund
at our regional scale? The Conservation Fund has not considered doing a carbon project
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in a highly fire-prone area because of the risk of project reversal due to high carbon
emissions and the requirement to conduct 100 years of monitoring.


The bar to certify a carbon project through the ARB is set extremely high. Is the ARB
working on making the project certification process more available to the public? Are
the standards becoming more flexible? No, they are becoming stricter, and ARB is
making sure that projects have a truly certifiable climate benefit and a demonstrable
carbon benefit. The Conservation Fund is working with ARB to help normalize the
expectations/requirements.



Our terrain in Northern California is coarse and variable, making compliance with ARB
requirements a bit more difficult. However, the requirements are the same. We’ve tried
using LiDAR, but the accuracy ARB requires was not attainable through this method.
Putting $1 million up front to achieve a carbon return is a huge risk. Smaller forests may
have an easier time.



Soil carbon storage is ~75% of all carbon, why are we measuring trees? Soils don’t
change much, and the carbon is deep (stable), a big pool, but difficult to measure. We
may be able to increase carbon in grassland soils.



Has anyone applied carbon/compost in forest lands similar to the Marin Carbon Project?
A UC Davis lab is conducting an experiment at the Marin Municipal Water District to
determine the effect of composting forest lands. One question is whether a similar
increase in soil carbon may be possible in forests as exhibited in grasslands by the Marin
Carbon Project.

PANEL 4: Post-fire Ecosystem Response
Panel Goal
Describe current research on post-fire ecosystem response and implications for land and water
management.
Key Questions
1. What are the typical impacts of fire on water and biodiversity, and what is the relevant
research that applies to effective post-fire restoration?
2. What should our priorities be in post-fire forest and chaparral management? What are
the opportunities and constraints?
3. Who is doing what type of post-fire restoration, and where?
4. What are the ecosystem benefits of fire for rare plants and other resources?
Panel Moderator
Jim Weigand, Bureau of Land Management
Panel Presentations
Lorrie Flint, US Geological Survey
Lorrie provided an overview on post-fire changes in hydrology. Highlights of her presentation
include the following.
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Fire impacts hydrology by changing vegetation, which can drive water balance and
runoff on slopes.



Fire can create hydrophobic layers on soil, reducing soil moisture and increasing runoff
in intensely burned areas. Soil resistance to water infiltration post-fire is a short-term
and mostly un-described factor that impacts post-fire hydrology. Fire can also increase
soil moisture by reducing vegetation cover and thereby evapotranspiration.



Total basin outflow can be estimated based on precipitation and physical watershed
characteristics. Evapotranspiration is a major factor for changes in soil water storage.
Recharge consists mainly of water that percolates through the soil to below the zone
where plants have roots. Increased climatic water deficit is used as a predictor of
increased fire frequency and intensity.



The Basin Characterization Model (Flint and Flint 2014) is a grid-based water balance
model of historical and downscaled climate futures in daily, monthly and annual values.



The values for measured and modeled stream flow from the Basin Characterization
Model for Sierra Nevada Basins are very close before fires. After the Rim Fire the
measured stream flow was higher than the modeled value, due to removal of vegetation
by fire. Recharge relative to runoff also increased post-fire, a further indication that the
soil was storing more water after the loss of vegetation. In wet conditions runoff may
increase relative to recharge post-fire, because the soil is already saturated.

Heath Bartosh and Brian Peterson, Nomad Ecology
Heath and Brian provided an overview on plant diversity and succession in the aftermath of the
Morgan Fire (2013) on Mt. Diablo, Contra Costa County. Highlights of their presentation include
the following.


Post-fire chaparral studies are lacking in Northern California.



In chaparral systems, fire primarily triggered emergence of annual species.



Mt. Diablo is at the convergence of several floristic provinces and has about 10% of
California’s flora. Nomad set up vegetation monitoring plots in every vegetation type to
study the impact of the Morgan Fire on species diversity and abundance.



Three years of sampling are done, and two years of results include: 223 species present;
17 were fire followers; 14 are locally rare; 28 were native species favoring disturbance;
six were CNPS inventory species (three fire-following); and 58 taxa were locally rare.
27% of all species known to occur on Mt. Diablo were seen, including Kellogg's
snapdragon (Antirrhinum kelloggii) which had been absent for 80 years prior to the fire.



The vast majority of fire-following species were seen in chaparral and serpentine
chaparral, although they were also seen in coast live oak (Quercus agrifolia) woodlands.



Native plants favoring disturbance were more evenly distributed across all vegetation
types with opportunistic species taking advantage of new openings.



High levels of locally rare plants were found in chaparral habitats.
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Nomad Ecology is seeking funding to expand their work into the Jerusalem and Rocky
fires. The Tesla Fire in southeast Alameda County is an opportunity to study the
differences between sage scrub and chaparral responses.

Jennifer Gibson, National Park Service
Jennifer provided an overview on the diversity of plant communities, fire regimes, and
responses to fire at Whiskeytown National Recreation Area in Shasta County. Highlights of her
presentation include:


The Whiskeytown National Recreation Area is where the Klamath Mountain, the Pacific
North West, and the Sacramento Valley floor meet. The area is a very botanically
diverse. The “Whiskeytown Mix” is a mosaic of vegetation at lower elevations, with a
hard-to-describe fire regime.



A diverse range of fire regimes in the area includes: high-intensity but low-frequency
stand-altering fires, low-intensity ground fires, and mixed regime fires.



In chaparral, where manzanita has been removed from fire lines, chamise re-sprouts
rapidly to fill in the fuel break.



Shrub cover remained unchanged for five years after two burns.



The largest populations of rare plants in the Recreation Area are in a stand that has
been thinned and burned repeatedly since the 1980s.



Regions of the Recreation Area appear to have less abundance of reptiles and birds. In
areas where 200-400 year-old oaks have grown in sunny conditions, Douglas-fir has
invaded in the last 70 years, particularly in black oak (Quercus kelloggii) woodlands.
Black oaks can be shaded out and will die as Douglas-fir encroaches. Conifer
encroachment increases the fuel load in addition to stressing the oaks.



When Douglas-fir are large enough to become fire-resistant, fire on the landscape may
kill the oaks but not the Douglas-fir.



Fire on the landscape is not always a good thing. If you are clearing fire lines in a resprouting community, consider utilizing herbicides.

Open Discussion
 Is anyone doing systematic monitoring post treatment? Are there ways to compare
understory results with treatments? Whiskeytown National Recreation Area and Lassen
National Park have some datasets, yet data are limited. How well oak will regenerate
with fire, slash, and Douglas-fir removal is unknown.
 Putting fire in the oaks can be done safely by pretreating the area (e.g. thinning,
removing ladder fuels, etc.).
 Will the water balance recover as quickly after the Rim Fire as it did for the Southern
California fire? There are not enough data yet, but the Rim Fire occurred in a drought
year, a fact that makes distinguishing drought impacts from fire impacts on stream flow
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difficult. Hydrologic recovery will depend on the vegetation that colonizes burned
areas.
PANEL 5: Impacts of Climate Change on Local Forests and Chaparral
Panel Goal
Understand the observed and projected impacts of climate change on our Inner North Coast
Range forest and chaparral ecosystems and implications of these impacts for short- and longterm management objectives.
Key Questions
1. How will climate change potentially impact vegetation composition and fire
dynamics?
2. What is the role of genetic diversity in adaptive responses to climate change?
Panel Presentations
Whitney Albright, California Department of Fish and Wildlife
Whitney provided an overview on the CDFW climate change vulnerability assessment of
California’s terrestrial vegetation. Highlights of her presentation include the following.


A Climate Change Vulnerability Assessment of California’s Terrestrial Vegetation (Thorne
et al. 2016) uses two global climate models (hot/dry, warm/wet), two emission
scenarios (business as usual, more optimistic model of emissions reduction), and was
based on the 2070-2099 end-century time period. The assessment was done at a macro
vegetation level (National Vegetation Classification System).



Vulnerability consists of four factors: climate exposure + physiological sensitivity +
adaptive capacity + spatial disruption.



The model identifies areas that may become newly suitable, will no longer be suitable,
and remain suitable.



Modeling revealed that chaparral had high exposure to climate impacts in some areas.
For sensitivity and adaptive capacity, it received a score of “3” (based on a 1-5 scale).



Pacific Northwest Conifer Forest received a score of “2.95”, similar to chaparral.
However, there is high spatial disruption with not a lot of land remaining or becoming
suitable, so this vegetation type was ranked as mid-high vulnerable.



The model identified possible refugia, i.e. those areas that persisted with lower climate
change exposure to the end of the century. This modeling can be used with speciesspecific distribution data, i.e. determining where climate refugia might be within the
California tiger salamander range.



The assessment can be applied to management and decision-making in areas such as
land acquisition, grant programs and solicitations, and conservation planning/priorities.



Jim Thorne will provide a webinar on vulnerability of California terrestrial vegetation.
Thursday 5/26 through the California Landscape Conservation Cooperative.
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A recording of the webinar is now available at:
https://lccnetwork.org/resource/california-lcc-webinar-climate-change-vulnerabilityassessment-californias-terrestrial

Jessica Wright, U.S. Forest Service
Jessica provided an overview of within-species genetic variation. Highlights of her presentation
include the following.


Populations within species are adapted to historical climate; however, as the climate
changes, populations become mismatched.



The location and distribution of genetic variation may become uncoupled with future
temperature gradients, etc.



Blue eyed Mary (Collinsia sparsiflora) performed best on its native soil type (serpentine
in this example). We need to consider local adaptation to soil type in management
plans.



What is the best source of seed to plant at a given location? There are near-term and
long-term considerations, and factors such as climate change and potential for assisted
migration (within species’ ranges).



The California seed zone map was developed in the 1970s at a time when people
treated climate as static. Seeds are collected in seed zones and within 500-foot
elevational bands. The map was made with conifers in mind.



Provenance tests
o Long-term common garden study for forest trees.
o Sampling a number of different provenances (or sources) of trees.
o Can be range-wide or restricted to a narrow study area.
o Examine tree performance in a common garden setting – which trees perform
best in a given environment?
o Data are collected on growth and survival at regular intervals.
o A long-term resource for a species.



Valley oak (Quercus lobata) provenance test
o Anticipated to be highly impacted by climate change, agriculture, and other
human impacts.
o No provenance test resources are available for any California oak species. Acorns
cannot be stored long-term.
o Collected from 95 California sites across the species ranges, with a total of 672
maternal trees.
o The CSU-Chico and the US Forest Service Institute of Forest Genetics (IFG) are
planting sites with very different conditions. The Chico site had a bud burst date
18
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10 days later than the IFG site, but there was a lot of variation at both planting
sites, indicating within-species variation. Trees from warmer sources had earlier
bud burst dates at both sites.


Future directions for work include: maintaining provenance testing; addressing genetic
conservation questions; and developing genomic resources for the species.



At the King Fire experimental site, we are testing taking ponderosa pine and sugar pine
(Pinus lambertiana) seeds from warm sites outside the seed zone to see how they do
locally.



Genetic variation and local adaptation within species does occur and is important to
account for.



Provenance tests provide information on variation within species. This information is
critical for developing seed transfer guidelines for post-fire restoration.

Lisa Micheli, Pepperwood
Lisa provided an overview of the Climate Ready North Bay (CRNB) Vegetation Transition
Reports. Highlights of her presentation include the following.


The reports model how the suitability of the Bay Area for native vegetation may change
for application to management of parks and open space lands. Units of analysis are
Conservation Lands Network landscape units.



Vegetation Reports are available via the TBC3 website at http://tbc3.org and the
California Climate Commons at http://climate.calcommons.org/crnb/home.



The Sonoma Coast Range landscape unit assessment found reduced suitability for
redwood, Douglas-fir, and montane hardwoods.



Four-square diagrams indicate potential species-specific range change in suitability for
four climate scenarios.



Coast live oak in the Sonoma County Coast range does well in all future scenarios used
in these reports. Tanoak (Notholithocarpus densiflorus) shows declines in all scenarios.



Fire return intervals are projected to be reduced by approximately 25% in the Russian
River watershed due to climate change, based on the Krawchuk and Moritz 2012 model.

Open Discussion
 Multiple Basin Characterization Model inputs (soil characteristics, topographic climatic
effects, etc.) were integrated into the CRNB model.


How much do you trust vulnerability assessments and climate data to make on-theground decisions? We need on-the-ground monitoring to see how these models align
with actual events and observations. It is good to identify the things that you are doing
correctly already that also benefit climate resilience and put a higher priority on those
management tools, e.g. reducing fuel loads. We need to bridge between the models,
scientists, and hypotheses and the local knowledgebase of managers. In terms of
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ground-truthing the vegetation vulnerability assessment, we are being transparent so
that through future monitoring efforts those vegetation scores can be updated based on
new observations. This cycle feeds into refining the models and future predictions.


Can you describe in general the places that showed up as refugia? The vegetation report
does not give site-specific projections but rather speaks to potential trends.
Pepperwood is using a higher resolution BCM (10 meter) to identify potential refugia on
site.



Winter temperatures do not affect fire, spring temperatures are important on some
landscapes, but conditions during spring/summer are most important. How much rain
you get in the year prior to the fire event matters: high rain = high fuel production and
dry rain year = lower fuel production. Dry years have benefits to foothill systems, but
they are more problematic in forested higher elevations.



There are probably other direct anthropogenic effects that are driving fire at lower
elevations, such as higher road and housing densities and greater population. The role
of snow pack is unknown on fire regimes. Snow pack is a factor in the model as well. The
take-home is that it’s complicated!



In red fir (Abies magnifica) and higher elevation subalpine forests, earlier snow pack
melting is contributing to disease such as beetle kill and increased mistletoe
(Arceuthobium spp.) killing of trees. Disease mortality is another factor in all of this.



The seasons when the temperatures are changing will affect species and fires
differently. TBC3 looked at 100 IPCC models and pulled out 18 models looking at
seasonality as one of the variations for selection. Spring conditions in the previous 1-2
years may be more important than what is happening in that specific month. Climate
modeling is tricky and complicated with regard to seasonal projections, and year-to-year
carryover effects. We also need to better understand how climate and fog are going to
interact. We are testing hypotheses. Long-term monitoring is important, including soil
moisture probes!

Breakout Session
Overview and Key Questions
To facilitate dialogue, encourage collaboration, and fill knowledge gaps, a Breakout Session was
convened. Four themes complementary to the workshop agenda were chosen collaboratively
by workshop participants, these included: Fuels Management; Multi-objective Forest
Management; Post-fire Vegetation Management; and Native Fire Management. With respect to
their chosen theme, each group addressed the following questions:




What new insights were gained through today’s workshop?
How can we re-frame management objectives and shared goals for multi-objective
management in the context of multiple jurisdictions and a changing environment?
What are the opportunities for innovation?
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What future project and/or funding collaborations could support advancing our
practices?
How do we best organize ourselves to make progress in these areas?

Groups then reconvened to share and expand on the main outcomes they identified. A
summary of each group’s “report out” presentation is below.
Group 1: Fuels Management
 Opportunities for collaboration include convening a Working Group to support fuels
management and collaborating on a county and a regional level. This could also happen
within the existing North Coast Forest Working Group.
 Napa-Wise Foundation is an effort to bring together fire-safe efforts within Napa County
to cost share and share technical assistance.
 We should share fire management plans such as the Jenner Headlands plan.
 It would be good to host field trips for land owners to see management applications and
outcomes.
 The Prescribed Fire Council is an important resource. Maybe they could provide training.
 We should create a resource list of crews to assist with fuels management outside of the
timber harvesting season.
 We need the flexibility to do fuel management in potentially sensitive areas or seasons.
 One cost-share opportunity would be California Environmental Quality Act (CEQA)
documentation that incorporates multiple landowner projects.
Group 2: Multi-Objective Forest Management
 How do we institutionalize and fund a multi-objective project?
 Technical knowledge planning needs – where on the landscape do we need action?
 Need to assess economics/market for these activities. Monetary and/or non-monetary
payback needs to be demonstrated.
 Political feasibility
o How do you institutionalize?
o Who sees benefits?
o Grassroots efforts are more effective than government because there is a longerterm memory and commitment from the public.
 Plan/Implementation
o Objectives: carbon, water, biodiversity, fire risk destruction, employment/social
benefits.
o We need a workshop of some kind – map making via GIS analysis to formalize
knowledgebase.
Group 3: Post-Fire Vegetation Management
 The post-fire topic has a lot of uncertainty. We should not over commit to a single
management strategy but instead hedge bets and use different practices for a range of
applications.
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Baseline monitoring is essential – especially for comparing pre- and post-fire response.
There is a need for experimentation with permits and time commitments for long-term
projects.
We need to adapt to hot-fire scenarios – what can we do after burns?
It would be good to do experimental or prescribed fire in more visible locations to
expose people to the processes and rebounding landscapes.
If outcomes are not what were anticipated, how do we learn from this and share the
findings through an adaptive management body?
In terms of climate change, lessons learned looking backward may not be applicable.
How do we incorporate uncertainty into our plans?

Group 4: Native Fire Management
 This was a great opportunity to listen to Clint McKay and David Self, to hear from their
heart space, not head space.
 Native land management methods managed the land for particular uses.
 Ancient wisdom was shared and it was encouraging to hear that it may be coming back
to the land. We should pay homage to the people that have been here for so long.
 Invasive species are a challenge; the historical regime might need tweaking.
 We shouldn’t try to solve everything everywhere. It is good to space out objectives.
 Stick with a simple goal and small scale and then see where it goes from there,
everything else falls into place.
 We need a database on uses of native/non-native plants and wildlife values. This puts a
lens on the landscape and helps focus management across the seasons.
 We need more people managing the land, not just talking about it.
 Daily practice – little things by everyone, combined contribution will create a culture of
change that reverses what we have done in recent history.

Next Steps and Future Collaboration
Closing Discussion
Lisa Micheli, Pepperwood Foundation President and CEO, posed this question to the audience,
“What would you like to see Pepperwood do to help carry forward this dialog?” The subsequent
discussion included the following ideas for future collaboration and information sharing.
Engage with similar groups
 Engage with the Sonoma County Forest Conservation working group since it has a lot of
overlap with this conversation.
 The NorCal Climate Adaptation Project can provide updates.
 The North Coast Resource Partnership also can provide updates.
Host an annual event
 Organize an annual gathering of this kind – research updates are important for resource
agencies.
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There was so much interest in this workshop, but we had to make it invitational in order
to have a smaller, working group. Based on this, perhaps we should stay focused on this
geography.
For future workshops, invite Firestorm and TREX.

Pepperwood as a sentinel site
 Pepperwood should serve as an example for others – implement what is being learned
here, make it an organizational priority, present results, utilize volunteers and stewards
as a means to get things done.
 Pepperwood has submitted a proposal with the California Landscape Conservation
Cooperative to conceptualize a plan for wildlife corridors as climate change adaptation
strategies in the Mayacamas-to-Berryessa region. Since the convening of the workshop,
this proposal has been funded.
Increase communication
 Commit to a regular conversation about what we are trying to implement, what we are
observing, what are the questions that come up, what do we do next? Highlight the
iterative process.
 How can we communicate to each other about our different events? There is so much
overlap.
o Organize information on geography/groups/themes.
o Larger area is useful to learn more about what managers are learning/observing.
o Develop a Listserv.
Other events of interest
 There is currently a Mayacamas Forum, but it only addresses the Mayacamas range.
Could that be expanded to include the region east to Berryessa Ridge?
 The Redwood Symposium will be held September 13-15, 2016 in Eureka.
 The Forest Conservation Stewardship Group will be hosting a regional conference in
June 2017.
 The BLM Ukiah Field Office is looking into hosting a small, one-day workshop for tribes
around the National Monument to discuss climate change.
Workshop Assessment Survey
Twenty-six of the participants in the Forest Health and Fire Mitigation Workshop completed the
assessment survey. Below are the summarized results. See Appendix D: Workshop Assessment
Questions for the complete survey questions.
Quantitative Data
Participants were asked to rank their agreement with a number of statements aligned to the
objectives of the workshop. The overall results are as follows.



92% of participants agreed the speakers enhanced their knowledge of fire mitigation.
85% of the participants agreed the speakers enhanced their knowledge of forest health.
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100% of the participants agreed the panel discussions allowed for an effective
presentation of information.
100% of the participants agreed that the break out groups allowed for exchange and
further development of ideas.
85% of the participants agreed that they had learned more about the history of fire in
the North Coast region and traditional vegetation management.
85% of the participants agreed that they had learned more about many different
potential forest management goals.
81% of the participants agreed that they better understood the projected impacts of
climate change on our North Coast region's forest and chaparral ecosystems.
81% of the participants agreed that they learned more about the links between science
and forest management techniques.
81% of the participants agreed that they learned more about the implementation of
forest management techniques.
85% of the participants agreed that they felt better equipped to tackle challenges in
their work related to enhancing forest health.
81% of the participants agreed that they feel better equipped to tackle challenges in my
organization/agency related to mitigating fire hazards.
96% of the participants agreed that they intend to further investigate at least one topic
presented at the workshop.
81% of the participants agreed that intend to implement at least one management
technique discussed at the workshop.

Qualitative Data: Highlights of the Day
 A few elements of the day were mentioned repeatedly as highlights. These included the
break out groups, the presentations, and presenters and their expertise. Also mentioned
repeatedly were the value of hearing from other participants and networking
conversations.
 Other specific highlights included: the state of the science report out; the great array of
talks; learning about the differences in climate change models; and the format of 10
minute talks.
Suggestions for Improvement
 Several suggestions were made around timing. These included suggestions about
leaving more time for presenters (and some suggested reducing the number of
presenters to achieve this), more time for discussion as well as less time for discussion,
while others suggested lengthening the time for the workshop.
 Several also suggested some type of concrete follow up including asking for “a list of
resources and groups to collaborate with in order to implement larger scale
management plans.”
 Other specific suggestions included: providing an intro on the attendees’ backgrounds in
the beginning to get an idea of the audience's knowledge areas/depth; more details on
how managers can use climate change research; providing the opportunity to
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participate in more than one breakout session/topic; inviting students from Santa Rosa
Junior College and CSU Sonoma to integrate new scientists into local land management
issues; make sure the subject of each panel relates to a majority of attendees; strive for
a better balance of practitioners versus scientists.
Collaboration
When asked to identify one opportunity to collaborate, several respondents identified Fire Safe
Sonoma, and the other groups mentioned included:
 Napa Fire Wise Foundation
 Occidental Arts and Ecology Center
 Sonoma Resource Conservation District
 Wildlands Conservancy
 Private landowners
 Prescribed Burn Fire Council
 Task force implementing land management
 Sonoma County Forest Management Group
Follow Up Tasks
Follow up tasks that respondents mentioned pursuing included:
 Meeting with others in Sonoma County to share forestry management and fuel
reduction strategies and to learn more about available local resources.
 Identifying adjacent collaborative efforts.
 Providing more opportunities for interaction with Native experts.
 Learning from each other’s management plans.
 Finding a way to share this info with our regional stewardship consortium.
Next Steps
When asked what next steps they will be taking, participants responded with a wide range of
actions, many of which included further education. Specific responses included:
 Look into groups doing technical training on prescribed burns.
 Get involved with the Fire Safe Council.
 Organize a gathering to investigate fuel management/fuel breaks strategically placed at
a watershed scale.
 Share this info with my coworkers.
 Follow up meetings to explore and act on specific opportunities for collaboration.
 Look up websites mentioned today.
 Write up my take-home points.
 Prioritize tasks for forest management.
 Evaluate the potential to develop fire management on our lands.
 Research personal liability insurance for private landowners to conduct their own burns.
 Attend this forest collaborative.
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Supporting Ongoing Collaboration
Pepperwood is committed to investigating opportunities to follow up on recommendations
from this workshop, including how to keep this meaningful exchange going. We are sharing
workshop materials via our website at http://pepperwoodpreserve.org/fire-and-forest-health,
and Pepperwood’s Mayacamas Forum will continue to serve as a venue for ongoing dialog.
Since the workshop, Pepperwood has been funded by the California Landscape Conservation
Cooperative to work on a two-year landscape corridor project for the Mayacamas-to-Berryessa
region that will integrate lessons learned from this workshop in order to advise on site-specific
identification and protection of key landscape connectivity. We will build a stronger
relationship with the Forest Stewardship Working Group and Fire Safe Sonoma to build crossconnections with this community. We will also seek resources to conduct a follow up workshop
in approximately one year to build on this momentum and integrate specific recommendations
on workshop structure.
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APPENDICES
Appendix A: Fire Mitigation and Forest Health Workshop Agenda
Workshop Agenda
Fire Mitigation and Forest Health Workshop
for the Mayacamas to Berryessa Coast Range Region
An invitational workshop from 9:00 am – 5:00 pm on May 20, 2016
at Pepperwood’s Dwight Center for Conservation Science, Santa Rosa, CA
hosted by the Bureau of Land Management and Pepperwood’s TBC3

Goal


To bridge from science to practice in managing North Coast range forest and chaparral
ecosystems in the face of climate change and fire.

Objectives
 Facilitate a dialogue across disciplines to advance science-based management of our
North Coast range forest and chaparral ecosystems.
 Understand the diversity of potential management goals among agencies.
 Understand the history of fire in the region and traditional vegetation management
strategies.
 Determine where existing science effectively informs management practice in the face
of climate change and fire, and where there are knowledge gaps.
 Share challenges, lessons learned, and innovative ideas in vegetation management for
fire-prone ecosystems, as well as post-fire ecosystem response.
 Understand observed and projected impacts of climate change on our North Coast
range forest and chaparral ecosystems, and consider how both short- and long-term
management objectives may need to shift due to changes in forest composition and
increased fire frequency.
 Identify opportunities to collaborate to fill knowledge gaps and to advance our forest
practices.
Targeted Outcomes
Scientists and managers work together to achieve the following.
 Improve linkages between research and applied ecosystem management in light of
climate variability, including drought and other drivers in the Mayacamas-to-Berryessa
bioregion.
 Identify key ecological processes across forest and chaparral communities typical of the
Mayacamas-to-Berryessa ranges.
 Explore how to maintain ecosystem and watershed benefits while storing carbon and
avoiding catastrophic fire in this region.
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Advance shared goals and consistent messaging to our communities regarding the
benefits of multi-objective management.

Program
8:30

Registration and Coffee

9:00

Welcome
Lisa Micheli, Pepperwood

9:10

Overview of Fire Ecology and Forest Management
Goal: Review fire history of the region, current fire prevention and response
management strategies, and frame successes and challenges in applying science to
management practices in the face of climate change and fire.
Moderator:
Jim Weigand, Bureau of Land Management
Panelists:
Scott Stephens, University of California Berkeley
Jon E. Keeley, US Geological Survey
Miriam Morrill, Bureau of Land Management

10:00 Open Discussion
10:15 Vegetation Management in Fire Prone Ecosystems
Goal: Discuss vegetation management strategies designed to advance forest health and
mitigate fire hazards.
Moderator:
Fred Euphrat, Forest, Soil and Water, Inc. and Santa Rosa Junior College
Panelists:
Megan Scheeline, CAL FIRE
Michael Gillogly, Pepperwood
Clint McKay, Pepperwood
Kate Wilkin, University of California Berkeley
10:50 Open Discussion
11:05 Integrating Carbon Sequestration into Vegetation Management
Goal: Characterize strategies for carbon sequestration and how to balance with multipleuse resource management objectives.
Moderator:
Lisa Micheli, Pepperwood
Panelists:
John Battles, University of California Berkeley
Scott Kelly, The Conservation Fund
Matt Clark, Sonoma State University
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11:40 Open Discussion
11:55 Closing of Morning Session
Kelley Johnson, Workshop Facilitator
12:00 Lunch (provided)
1:00

Opening of Afternoon Session
Kelley Johnson, Workshop Facilitator

1:05

Post-fire Ecosystem Response
Goal: Describe current research on post-fire ecosystem response and implications for
land and water management.
Moderator:
Jim Weigand, Bureau of Land Management
Panelists:
Lorrie Flint, US Geological Survey
Heath Bartosh, Nomad Ecology
Brian Peterson, Nomad Ecology
Jennifer Gibson, National Park Service

1:40

Open Discussion

1:55

Impacts of Climate Change on Local Forests and Chaparral
Goal: Understand the observed and projected impacts of climate change on our North
Coast range forest and chaparral ecosystems and implications for short- and long-term
management objectives.
Moderator:
Lisa Micheli, Pepperwood
Panelists:
David Ackerly, University of California Berkeley
Whitney Albright, California Department of Fish and Wildlife
Jessica Wright, US Forest Service

2:30

Open Discussion

2:45

Breakout Group Instructions and Groups Assemble

3:00

Breakout Groups Meet
By chosen topic area, attendees will discuss:
 What new insights were gained?
 How can we re-frame management objectives and shared goals for multi-objective
management in the context of multiple jurisdictions and a changing environment?
 What are the opportunities for innovation?
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What future project and/or funding collaborations could support advancing our
practices?
How do we best organize ourselves to make progress in these areas?

4:00

Groups Reconvene and Workshop Evaluation

4:15

Breakout Groups Report Back

4:45

Closing and Next Steps
Lisa Micheli, Pepperwood

5:00

Adjourn
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Appendix C. Breakout Session Notes
Group 1: Fuels Management
Group Members:
Kim Batchelder, Sonoma County Agricultural Preservation and Open Space District
Aaron Fairbrook, Sonoma Resource Conservation District
Lynn Garric, Friends of Mark West Watershed
Jennifer Gibson, Whiskeytown National Recreation Area, National Park Service
Michael Gillogly, Pepperwood (facilitator)
Rick Kavinoky, Monan’s Rill
Mary Mayeda, Mendocino County Resource Conservation District
Megan Scheeline, CAL FIRE
Neal Sharma, Peninsula Open Space Trust
Penny Sirota, Friends of Mark West Watershed, Monan's Rill (note taker)
Kate Wilkin, UC Berkeley
New insights gained
 How to think about long-term fuels management
 Prescribed burns vs masticating
o Impact on flora and fauna
 Increase in biomass after prescribed burn in knob cone pine
 Chaparral in Whiskeytown verses Lake County – very different
 Biodiversity decrease because of management practices
 Change to landscape will affect fauna
 Multiple objectives
o Practices that will help places of vulnerability
o Goal: How can we make systems more resilient? – ex. thinning – opening up –
releasing
Challenges
 How do we get crews trained?
 Resources
 Funds to pay for the work – jobs programs
 Working with prescribed fire councils
o Potential solution
o Northern California Prescribed Fire Council
 Lack of political will to use fire as a tool
 What is the future of fire in land management?
o Florida, for example, is a right-to burn-state – you are at risk if you don’t burn
your land
 Need a cultural shift
o Social perception of fire – change to public thinking prescribed fire is good
 Air quality is another hurdle
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o Mid Klamath Watershed Council fostered a relationship with the Air Quality
Council
Need protection from suit
Need to go through training

Prescribed burn vs fire suppression
 Swift, educate folks about the role of fire
 Make landscapes more resilient to fire
North Carolina, Florida, Colorado – case studies?
Private Solutions – Fire Storm
 Private company from Chico
 Carries liability with Nature Conservancy
 Prescribed fire training exchange
Find out if California Forest Improvement Program would help cover costs – must be in forest
management
Prescribed Fire Training Exchange (TREX)
 Training exchange
 Prescribed fire training exchanges
CAL FIRE work with counties to be involved in planning process
 Work on regional level – examples include:
o Road width accessibility
o Number of fire stations within areas
o More residents in wildlands = more fires
Future Collaborations
 Sonoma County Fire Safe Council
o Plan – create document to help with funding
 Community Wildfire Prevention Plans (CWPP)
o Sonoma county just updated
o List areas of high priority
o Helps with funding
 Get localized grants
o Money is usually for implementation, harder to get for planning projects
o Ex. Covelo Area planning grant – work with Round Valley tribes, National Park,
private land owners
o Ex. Napa Fire Wise Foundation – funded by Napa County and successful at
applying for grants
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Engage with Fire Safe Sonoma to see if they can help us to organize and create a larger
network



Create a collaborative conversation about our management plans
o Pepperwood, Jenner Headlands, other land owners
o How to identify priorities and on-going management?
Conservation network
o Focus on good examples
Create a model of collaboration and great work, build off of that




Strategic firebreaks for watersheds
 Firebreaks do not tend to stop the fire; they work when they are manned
Challenge – Wildland/urban mix (not an interface) with blocks of lots of fuel
Education is the biggest component
 Get land owners doing their part
 Forest health issue
 Expensive to have people work clearing your land
Group 2: Multi-Objective Forest Management
Group Members:
Miriam Morrill, BLM California State Office
Sam Veloz, Point Blue Conservation Science
Lisa Micheli, Pepperwood (facilitator)
Anya Starovoytov, Sonoma Resource Conservation District
Adrienne Marshall, UC Berkeley
Jim Weigand, BLM California State Office (facilitator)
Caitlin Cornwall, Sonoma Ecology Center (note taker)
Luke Farmer, Wildlands Conservancy
New insights from today
 Great to know there’s so much new relevant research. Miriam
 Problematic conflict between Air Board and the benefits of prescribed fire. Anya
 Fire is so sensitive settings (climatic, plant community, as climate changes). Adrienne
 Need to monitor my shaded fuel breaks. Luke
 Idea of needing institutions, not strong people, to get forest management done. Not a
maximization problem, it’s an optimization problem among sometimes contradictory
objectives. Jim
 Carbon credits are impossibly difficult. No one’s talking about biochar or jobs/social
benefits of fire management. Caitlin
 Unanticipated negative impacts of forest management treatments on biodiversity and
invasives. We just don’t know enough about how species ecology works.
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Lack of clarity about what everyone’s objective(s) are. Can’t manage successfully
without being very clear about objectives. Sam

Knowledge/Planning Need
 What would a multiple-objective forest plan for this area (between 101 and 5, north of
80) look like?
 This is the technical design plan.
 “Biodiversity” is not a single objective, because different species want different things.
 Idea of optimizing for selected species or selected objectives/services in different places.
 Community Wildfire Protection Plans by RCDs, e.g. Fire Safe Sonoma, where projects
and treatments had to be collectively developed with the community. This is an example
of multi-objective forest management
 Idea of using visual or phenological cues to trigger management actions, learning from
Native practices
Economy/Market Need
 Need an economist in the mix to quantify monetary and/or non-monetary
benefits/objectives (and cost of not doing it)
 Federal actions now have to account for ecosystem services. This is the other part of the
feasibility design plan.
 Some FireSafe Councils (Nevada County) are/were actively working with insurance
companies, so the Council is now paid by insurance to do the home-site assessment of
fire-safe practices.
 BLM study quantifying ecosystem benefits of fuels treatments in Napa, San Diego, and
Butte Counties, maybe 10 years ago.
Who is the community having this conversation?
 Unusual number of NGO research bodies
 Progressive Sonoma County
 Mostly private land
Political Need
 Institutions need to be multi-scalar, multi-jurisdictional.
 Requires advocacy, need to pound on legislators’ doors. When locals talk to their reps,
money flows (for a short time).
 This is feasibility design plan.
Examples of collaboratives
 Look at Blackfoot Challenge, a grassroots-led collaborative with government at the
table.
 Local landowners and NGOs have longer memories and commitment than agency
managers, not vulnerable to political vagaries.
 Blue Forest, new. On the investment side. Fire and watershed connection.
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Don’t forget to acknowledge what we’re already doing
More on objectives/beneficiaries:
 Native food or other products
 Agriculture
 Fire damage reduction and or fire risk reduction
 Beneficial fire
 Carbon
 Biodiversity, including connectivity, species of concern
 Fire
 Water for people and nature
 Employment/social (not geographically localized)
 Viewshed
 Recreation
 Human well-being
Diagram how these objectives positively or negatively influence each other, how these
dynamics change with climate change.
Next process: get a knowledgeable group of people to mark-up maps. Mask out urban.
Map layers
 Land use
 Land cover
 Fire hazard
 Trails
Group 3: Post-fire Vegetation Management
Group Members:
Monica Delmartini, Sonoma County Agricultural Preservation and Open Space District
Michelle Halbur, Pepperwood (facilitator and note taker)
Mary Iversen, Sonoma County Regional Parks
Lauren Johnson, Mendocino National Forest
Jacob Newell, Sonoma County Agricultural Preservation and Open Space District
Melanie Parker, Sonoma County Regional Parks
Variability at Species Level
Fire Refugia Species
 Become sources for future populations
 But what about refugias that also burn?
 Use refugia species for fire management strategy/consider in burn plan
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Climate Change
 Looking backward may not be applicable
 But how do we deal with big unknowns?
 Ponderosa pine/oak woodlands – warm/dry = possibly more resilient if managed similar
to historic distributions, densities, etc.
Focal Species (e.g. Black Oak and fire)
 Alter/focus management on individual populations, trees, etc.
 Possibly more feasible $/time
 Localize management
Fire-Water Connection
 1-4 years for hydrology to recover in chaparral
Reminder – Robust Management Plans
 Manage for heterogeneity
 Monitoring is important
Management tools available and experimenting
Not overcommitting to one strategy
Land-based knowledge is key
Faunal response to fire – treatment impacts
Remaining humble reminder
Reframe Management Objectives
 Need to define and communicate/share objectives – this must occur pre-fire!
o Post-fire recovery goals
o 10 year planning process
 Prioritize objectives – habitat quality vs neighbors’ concerns vs species response
 More planning with public input
 Multi-objective management
o Can cause a static environment – tension between objectives leads to no action
o Don’t meet any one objective well
o Can we agree on number of objectives?
o Who will implement across boundaries?
o Requires tradeoffs – are we willing to sacrifice?
 Climate change
o Uncertainty a common thread
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o Variability in plans/outcomes/strategies
Landscape-level scale
o Corridors, metapopulations, etc., watersheds
Timing
o Importance and/or impacts of quick reburns and system shifts
o Temporal heterogeneity building patchiness and providing opportunity for new
management methods
Governance question
Adaptive management body
o Flood/hurricanes (National); e.g. USDA Coll. Forest Landscape Restoration Plan
o Need fast response to fire, esp. if not expected outcomes

Opportunities for Innovation
 Post-fire observation by public
o See how land recovers
o See how prescribed fire works
 Demonstration plots
o Large – scale needed to have an impact
 Post – hot fires – how will this look/challenge us?
 Need more science and time
o Manipulating, thinning, and vegetation recolonization
 Opportunity to relearn landscape stewardship
 Experimental burn permits and exceptions to science
 More trained professionals/private landowners
 Monitoring post-fire landscape
o Need to monitor pre-fire too
o Learn from management
 Take advantage of wildfires for monitoring opportunities
 Acknowledge potential benefits of high intensity fires, and what do they teach us?
Future Collaborations
 Collaborations with Native Americans
 Indigenous burning learning network
 Schools – Kids help with post-fire monitoring
 Networks of networks
Summary
 Don’t overcommit to a single management strategy
o Incorporate uncertainty and variability


Monitoring and sharing outcomes
o Include pre-fire monitoring
o Remain humble – relearning and land stewardship
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Need for experimentation
o Burn permit exceptions for experiments
o Long-term commitment
o Large scale



Need to accept post hot fire landscapes as a possible reality
o What can we learn?
o Public observe post-fire recovery – 6 months later there are beautiful
wildflowers; good to do prescribed burns in visible areas so the public can see
the rebound
o If no vegetation management impacts pre fire – what can we do post-fire?



Governance
o If outcomes weren’t anticipated, we need a way to respond.



Climate Change
o Looking backward may not be applicable
o How do we deal with unknowns?

Group 4: Native Fire Management
Group Members:
Fred Euphrat, Forest, Soil and Water, Inc. and Santa Rosa Jr. College
Monte Kawahara, BLM Mother Lode Field Office
Clint McKay, Pepperwood (facilitator)
Melanie Parker, Sonoma County Regional Parks
Sophia Porter, Pepperwood
Jesse Robinson, Pepperwood (note taker)
David Self, Audubon Canyon Ranch
Understanding Fire as a Tool – Traditional Management
Traditionally burned with a purpose – different times of year
 Elk habitat
 Willow branches for basketry and weaving
 Control unwanted
 Grass/forb(?) seed production
 Acorn collection easier if you burn at end of summer
 Redbud germination
 Sedge bed
 Travel corridor safety
 Don’t burn huge areas, burn a few acres for a reason and see how it reacts – model for
future management
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Oaks are important but not in the sedge bed
Clover patch is better without chic(?) and oak

Fire can be scary but the low slow fire is better than the big fire
“I don’t want to push anything. Identify what was here, and what could have been here.
Identify the areas that were useful to use and plant or protect a small patch of that.” Clint
Vegetation management suggestions:
 Go into the chemise and take out the big plants, don’t burn big, old chaparral
 Continuous burning and taking out what we don’t want is the only way
 Manage the chemise because it’s fabulous deer habitat
 Cut some of those black oak out so the remaining trees branch out and other plants can
grow underneath
 Digging brodiaeas (Brodiaea spp., Dichelostemma spp., and Triteleia spp.) with a stick
breaks off bulbets and increases production
 We overplant expecting a high mortality but with mycorrhizae we get better survival of
seedlings and may be replanting too densely
Comments on fauna:
 Predator/prey ratio needs to be managed here also
 There are always pros and cons. Pigs act like rototillers and help some plants and hurt
others.
Hard to get a tribe involved in public restoration efforts because it’s not their land.
If you are sending young boys up a tree to shake acorns, it’s better to have short, many
branched oaks.
Smooth mule ears (Wyethia glabra)
 Collected as a seed food
 Good for wildlife
 Some medicinal uses
 Google doesn’t mention that it needs smoke to germinate seeds, but you also need fire
the previous year to kill off the weevils
Many of our impacted areas are still full of “useful” native and non-native plants but if you
don’t know the uses you don’t know what to manage for. A database about which species are
useful, when, and for what, would be useful for land managers.
Planting clover for cultivation after the burn.
Summary (notes taken by Sophia)
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What new insights?
o No new, just old insights that have been ignored for a few hundred years
Multi-objective management
o Did not use in the past, were not trying to solve everything everywhere
o Small steps best to see response
What are opportunities for innovation?
o Need a database on uses of plants and wildlife values
How do we organize ourselves to make progress?
o Mobilize a task force to actually manage the land and not just talk about how it
should be managed
o Daily practice by everyone and the combined contribution will create a culture of
change and progression to the wisdom that was once had by our ancestors
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Appendix D: Workshop Assessment Questions
Twenty-six attendees completed the following brief survey about the Fire Mitigation and Forest
Health Workshop. The input will be used to improve gatherings like this in the future. See Next
Steps and Future Collaboration: Workshop Assessment Survey for a summary of the results.
Please circle the answer that best applies:
1. Today’s speakers enhanced my knowledge of fire mitigation.
Strongly Agree
Agree
Neutral
2. Today’s speakers enhanced my knowledge of forest health.

Disagree

Strongly Agree
Agree
Neutral
Disagree
3. The panel discussions allowed for an effective presentation of information.
Strongly Agree

Agree

Neutral

Disagree

4. The break out groups allowed for exchange and further development of ideas.
Strongly Agree

Agree

Neutral

Disagree

5. I learned more about history of fire in the North Coast region and traditional vegetation
management techniques.
Strongly Agree

Agree

Neutral

Disagree

6. l learned more about many different potential forest management goals.
Strongly Agree

Agree

Neutral

Disagree

7. I better understand the projected impacts of climate change on our North Coast region’s
forest and chaparral ecosystems.
Strongly Agree

Agree

Neutral

Disagree

8. I learned more about the links between existing science and forest management techniques.
Strongly Agree
Agree
Neutral
Disagree
9. I learned more about the implementation of forest management techniques.
Strongly Agree
Agree
Neutral
Disagree
10. I feel better equipped to tackle challenges in my work related to enhancing forest health.
Strongly Agree

Agree

Neutral

Disagree
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11. I feel better equipped to tackle challenges in my organization/agency related to mitigating
fire hazards.
Strongly Agree

Agree

Neutral

Disagree

12. I intend to further investigate at least one topic presented at today’s workshop.
Strongly Agree

Agree

Neutral

Disagree

13. I intend to implement at least one management technique discussed at today’s workshop.
Strongly Agree
Agree
Neutral
Disagree

The best thing about the workshop was:

One thing that would improve a workshop like this is:

One opportunity to collaborate I have identified for my organization/agency is:

The next step I will be taking is:
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Conservation District
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State University
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Space Trust
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Recreation Area, National Park Service

Natural Resource Program Manager, Marin
Municipal Water District

Guy Kovner
Michael Gillogly
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Preserve Manager, Pepperwood Preserve
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Preserve
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Graduate Student, University of California
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Management
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Monan’s Rill
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Trust
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