
WESTERN FORESTER  s  OCTOBER/NOVEMBER/DECEMBER 2022 7  

By Lisa Gonzales-Kramer

In 2003, the Cedar 
Fire burned 273,000 
acres from San 

Diego County’s coastal 
lowlands to the foot-
hills and up through 
the mountainous 
backcountry. Over the 
course of six weeks, 15 people perished, 
2,800 structures burned, and $1.3 billion 
in damages were incurred. Every type of 
landowner was affected: urban, sub-
urban, and rural, public, private, and 
nonprofit, state, federal and indigenous 
nations. This landscape-scale loss im-
pacted the watershed function, fish and 
wildlife habitat, and beneficial uses of 
water for the downstream population.

At the time, landscape-scale cata-
strophic wildfire was a distant memory 
for most, as the 1988 Yellowstone fires 
that burned almost 800,000 acres had 
occurred 15 years prior. The Cedar Fire 
remained the largest, deadliest wildfire in 
California’s recorded history for 14 years 
until the 2017 Thomas Fire surpassed it in 
total acres burned. Today, the Cedar Fire 
still ranks as number 10 in California, yet 
more frequent and destructive wildfires 
are now all too common in the West. 

Among the acres incinerated by the 
Cedar Fire was Cuyamaca Rancho State 
Park (CRSP). Situated at the headwaters 
of three San Diego County watersheds, 
CRSP held roughly 10,000 acres of mixed 
conifer forest before the fire. The fire 
caused virtually a complete loss of the 
forest canopy and decimated the seed 
bank on the forest floor. Ninety-five 
percent of the conifers were killed, and 
thousands of contiguous acres burned 
to bare mineral soil, preventing natural 
regeneration of the park’s mixed conifer 
forest. Only a small remnant of the Sky 
Island habitat remained, at the top of San 
Diego County’s second highest peak, a 
roughly 125-acre stand dominated by the 
last remaining sugar pine stand in San 
Diego County. 

Prior to joining California State Parks 
in 2010, I had conducted reforestation 
work in the Midwest where water is 
abundant and forest fires uncommon. 
But upon being hired as project manager 
of the Cuyamaca Rancho State Park Re-

forestation Project, I entered the complex 
world of reforestation after catastrophic 
fire and sustainable forest management. 

Over the course of the CRSP Refor-
estation Project, I learned that refor-
estation and ecosystem restoration after 
catastrophic fire is vastly different from 
regenerating a stand after a silvicultural 
treatment. For example, being located in 
a state park, salvage logging and herbi-
cide use were not permitted as a form of 
site prep. There were other constraints as 
well, such as limited forestry resources 
in our southernmost part of the state. 
Additionally, the scientific literature 
had few accounts for how to accomplish 
large-scale tree seedling establishment 
in a xeric environment as was the case at 
Cuyamaca. I had to methodically work 
my way through each challenge, relying 
on innovation, collaboration, and adap-
tive management techniques.

Here I share a brief account of my 
lessons learned during 12 years of forest 
restoration work, in the spirit of collabo-
ration with other foresters facing similar 
reforestation challenges in the aftermath 
of high-severity wildfires.

Reforestation decision 
considerations
1. Manage Type Conversion

After catastrophic fire, in the absence 

of seed to regenerate the forest, estab-
lishment of invasive grass and brush 
often occurs; without intervention, full 
type conversion of the site is likely. In 
the case of Cuyamaca, type conversion 
was monotypic—within a few years, 
thousands of contiguous acres of Palmer 
lilac (Ceanothus palmeri) dominated 
the landscape in the pre-fire forested 
footprint. It is not the policy of California 
State Parks to reforest after fire. Several 
years of independent study confirmed 
that the forest was not naturally regen-
erating and considering the extensive 
adverse impacts of the fire an exception 
was made to reforest Cuyamaca. Howev-
er, restoration efforts did not begin prior 
to the establishment of the brush so most 
of the restoration work required brush 
removal prior to planting. In unrefor-
ested areas, the dense ceanothus now 
towers up to 14 feet high. 

Because type-converted landscapes 
are costly and labor intensive to restore, 
landowners should be encouraged to 
engage in immediate assessment of 
post-fire conditions to assess for possible 
natural regeneration of seedlings and 
identify refugia that may assist with nat-
ural regeneration. Treatments to remove 
non-native competing vegetation should 
begin soon after the fire to avoid higher 
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The high-intensity Cedar Fire resulted in thousands of contiguous acres of bare mineral 
soil, which posed a challenge to reforestation efforts.
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costs of removing established vegetation.

2. Remove Standing Dead Wood 
While fire kills forests, vast amounts 

of heavy biomass remain unconsumed 
by fire in the form of standing and lying 
dead wood. Salvage logging helps to 
reduce that fuel load and recoup some 
of the timber owner’s financial loss. Yet, 
local mills are quickly inundated with 
the glut of burned timber. It may seem 
that leaving that timber onsite to serve 
as habitat would be a good thing, yet too 
much of a good thing becomes a prob-
lem for the next generation. Consider the 
decay rate of that standing timber and 
know that over the next few decades it 
will become windfall, choking migratory 
pathways for wildlife and in reforested 
areas accumulating as understory fuel 
beneath the saplings of the newly de-
veloping forest. Buildup of jack-strawed 
logs is virtually impossible to remove and 
chokes out wildlife while increasing the 
risk of catastrophic loss during subse-
quent years as grasses and other fine 
fuels grow and become kindling for that 
heavy biomass during future fires. 

In Cuyamaca, instead of salvage 
logging to prepare the site for planting, 
we removed or treated heavy fuels in the 
following order of priority.

1). We conducted broadcast burning 
after preparing the site by mastication 
of brush and smaller standing and lying 
dead wood. Larger standing and lying 
dead wood was left onsite to be con-

sumed during the burn or assist with ero-
sion control post-fire. In sensitive areas 
or on steeper slopes we used chainsaws 
to lop and scatter brush. We conducted 
broadcast burns as Joint Incident Com-
mand with California State Parks and the 
California Department of Forestry and 
Fire (CAL Fire), with support from local 
Native American fire departments. These 
broadcast burns mimicked the ecolog-
ical condition of a fire of less intensity 
because this time we added the seedlings 
to the landscape, post-fire. Broadcast 
burning was the preferred method of site 
prep because it was the most effective 
way to reduce heavy fuels and thereby in-
creased future wildfire resiliency. It also 
released nutrients back to the soil and 
temporarily eliminated competing vege-
tation. Constraints were cost, interagency 
coordination logistics, and limited burn 
windows, even during the winter and 
spring seasons. 

2). Pile burning or air curtain burn-
ing were used in areas where broad-
cast burning was not an option to due 
landscape topography or other safety 
constraints. It was effective at removing 
fuels and releasing nutrients, but it was a 
much slower process and often required 
several years to complete pile burning 
due to limited burn windows. It was also 
quite labor intensive since piles were 
prepared by hand crews with chainsaws. 

3). Where location and topography 
were not conducive to conducting a 
broadcast or pile burning operation, we 

chose to break up the vertical continu-
ity of the fuels by mastication and/or 
chipping. The advantage of this was that 
a large area could be prepared over the 
course of a season. The disadvantage was 
that the fuel remained on site though the 
decay rate is accelerated. 

4). In some areas, the standing and 
lying deadwood were of relatively low 
concern due to low density and greater 
spatial distance. These sites were planted 
without mechanical site prep, though the 
seedlings did receive protection mea-
sures during planting.

To ensure that reforested areas have 
a higher likelihood of future wildfire 
resiliency, we assessed the landscape for 
the mosaic of characteristics that create 
a diverse and varied ecosystem. Riparian 
zones, meadows, and oak savannahs are 
some examples of the variability that is 
essential for future wildfire resilience 
because they impart a spatial discontinu-
ity of fuels across the landscape. Wildlife 
snags were retained for cavity nesting and 
denning animals that face substantial 
pressures from habitat loss after fire. We 
also created a mosaic of refugia at higher 
elevations that will serve as centers of 
seed dispersal as the forest matures.  

If you salvage log, once salvageable 
logs are removed, non-wildlife snags 
should be directionally felled to assist 
with erosion control. The remaining 
snags should be masticated to remove 
vertical continuity of dead fuels, speed 
the decay process, return nutrients to 
the soil, and serve as erosion mitiga-
tion measures. Obviously, economic 
constraints will prevent the optimal 
ecological restoration, but consideration 
for wildfire resilience should be a top 
concern.

3. Collect and Preserve Seed Stock
In ecological terms, one reason a 

fire may be catastrophic is because it 
burns at high intensity for thousands of 
contiguous acres. This large-scale burn 
area may result in a lack of seed adapted 
to the local ecology. Fortunately, at the 
time of the Cedar Fire, CAL Fire and U.S. 
Forest Service seed banks had native 
seed available for reforestation. Howev-
er, the inventory was limited, and it was 
quickly evident that collections would 
need to be prioritized. Sugar pine (pinus 
lambertiana) was especially limited 
and that strip of remaining sky island at 
the top of Cuyamaca Peak held the last 
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remaining sugar pine stand in San Diego 
County. For this reason, we did not wait 
for a mast year to occur and worked with 
our state and federal partner agencies 
to collect from these massive giants in 
lower production years as well. 

To prepare for restoration after fire, 
ensure you have seed now. If you’ve 
delayed in cone survey or collection, 
you’ll want to prioritize local efforts with 
your landowners in mind. Genetically 
diverse seed is in short supply and in the 
event of a fire, it will be in high demand. 
Working with your preferred agency or 
private seed cone purveyor now will help 
to expand the network of foresters who 
are best suited to provide local expertise 
and guidance on the location and quality 
of cone production. At this time, since 
seed supply is so low, even medium cone 
production years should be considered 
for collections, depending on the cyclic 
production of the desired species. As col-
lection efforts ramp up over the next few 
years, this will ensure that there will be 
enough seed to meet the demand should 
the need arise. Landowners who want 
to ensure seed is reserved for them can 
pay a nominal yearly fee for long-term 
storage. 

4. Planting and Assisted Migration
The three-year period between 2012 

and 2014 ranked as the driest consec-
utive three-year period on record for 
California. Our target planting date was 
always mid-January to coincide with win-
ter precipitation, but during 2012-2013, 
the park received less than a quarter inch 

of rain between December 1st and the 
end of February and not much more than 
that during the spring. The need to adjust 
planting prescriptions to accommodate 
the observed and anticipated changes in 
precipitation and other climate related 
factors is a growing concern, with state 
forestry agencies beginning to consider 
adjustments to required minimum stock-
ing standards. 

To address the challenges to suc-
cessful seedling establishment we 
adjusted planting densities based on 
aspect, elevation, and other topographic 
characteristics such as swales, or shade 
objects such as lying dead wood. During 

planting, the ground was scalped as 
normal and a 12” x 12” biodegradable 
weed guard was installed at the base of 
the seedling. This mat served to reduce 
vegetative competition for water and 
provided a cooler moist site at the root 
level. A 6” x 8” biodegradable shade card 
was also installed on the southwest side 
of the seedling. These two protection 
measures helped to reduce evapotrans-
piration rates especially during the long 
summer days of intense sunlight and 
xeric conditions. Additionally, to address 
long-term health and resiliency challeng-
es, we adjusted density expectations and 
designed the planting prescription with 
consideration for wildfire resiliency using 
a lower percentage of shade tolerant 
trees, which become understory fire lad-
ders over time and a higher percentage 
of fire-resistant species to support the 
likelihood of long-term fire resiliency.

Assisted migration is not new, though 
climate predictive models and research 
will continue to provide guidance on the 
extent of species’ ranges. The general 
rule of thumb has been to plant seedlings 
upward in elevation bands of roughly 
500’ from collection source to planted 
location or from adjacent seed zones, if 
necessary. However, the surviving sugar 
pines (pinus lambertiana) were only 
located at the highest elevation in the 
park, and we needed to plant at lower 
elevations. Additional seed was not avail-
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One of the species planted following the Cedar Fire was Coulter pine seedling. To 
maximize seedling survivability, weed guard and shade cards were installed. Continued on page 27

Distinguishing Catastrophic and Restorative Fires
The first time I viewed a vast scorched earth landscape, the acrid smoke 

burned my nostrils and seared my heart. All fires appear to be catastrophic be-
cause of their destructive nature. However mixed-intensity fires are necessary 
for many ecosystem processes such as causing serotinous cones to release seed, 
facilitating nutrient recycling, and clearing the understory of dense brush and 
other competing vegetation so that seed that has been dropped have space to 
germinate and grow. Even high-intensity fire can be tolerated by ecosystems as 
long as it’s spatially limited.

As a result of my post-fire restoration work, I have frequently been asked by 
members of the public and natural resources professionals about what exactly 
makes a catastrophic fire, “catastrophic?” I explain that for reforestation and 
restoration experts, catastrophic fire occurs when the processes of expected eco-
system recovery are interrupted. The aftermath of a catastrophic wildfire is very 
different from the aftermath of a fire that burns on a more frequent fire return 
interval. When fires burn more frequently, they have less overall accumulation 
of heavy fuels, so they burn at a lower intensity and a varied intensity across the 
landscape. A mosaic of high, medium, and low burn areas results. Some areas 
don’t burn at all, so the remaining refugia serve as natural centers of seed dis-
persal and assist the regeneration of the forest almost as soon as the fire is over. 
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able in our seed zone nor at the lower 
elevations I required. 

After consulting with trusted experts, I 
was referred to the Seedlot Selection Tool 
(SST), which was still under develop-
ment at the time. The SST is a collabo-
rative effort by the U.S. Forest Service, 
Oregon State University, and the Conser-
vation Biology Institute to guide assisted 
tree seed migration across a wider range 
of elevations and geographies under 
varied climate scenarios. Among many 
variables, it also takes into consideration 
the phenotypic variation within species 
which may allow for greater range of 
tolerance as environmental conditions 
result in a forcing of adaptive responses. 
In consultation with geneticists from US 
Forest Service Region 5, I migrated the 
seedlings downward in elevation. The 
initial seedling establishment rate was 
favorable, though temporal studies will 
be needed to determine long-term sur-
vival and resiliency. Continued genetic 
research will inform the extent to which 
species-specific phenotypic variation will 
allow for climate adaptation. 

5. Landscape-scale collaboration 
Wildfire response creates a common 

cause for all landowner types to work 
across geographic, geopolitical, and ideo-
logical boundaries. From the cross juris-
dictional Integrated Command Center to 
multiple fronts on the fire line, teamwork, 
dedication, and courage protect people, 
resources, and the environment. After 
Action Reviews (AAR) are an important 
part of emergency operations to ensure 
we learn from our experiences and 
improve upon our actions. We saw this in 
the aftermath of the 2003 Cedar Fire and 
the 2020 Labor Day fires in Oregon, which 
resulted in more effective integration of 
emergency response systems. 

Regional stakeholders should priori-
tize collaboration on large-scale resource 
management of healthy and resilient 
forests. Integrated planning at a water-
shed level is one example of planning 
that, based upon topography and the 
unique characteristics of the wildland 
urban interface landscape, could guide 
the management of more resilient forests 
and ecosystems. Shaded fuel breaks 

along ridgetops, for example, cross those 
jurisdictional and landowner boundaries 
that preplanning would help to ensure 
are created and maintained for wildland 
fire suppression and thus assist with 
maintaining healthy forested landscapes. 

In San Diego County, we were fortu-
nate to have strong cooperative relation-
ships across, state, federal, and county 
jurisdictions as well as first nations. 
Public, private, and nonprofit entities, 
worked to address strategic landscape 
scale healthy forest management work. 
Most states, and more recently, the 
federal government have required this 
landscape-scale collaboration for forest 
restoration and management as a gate-
way to grant funding. 

6. Inclusivity
As forest management practices are 

being reexamined, it has become in-
creasingly clear that the historic influ-
ence of Native American cultural burning 
played an important role in healthy 
forests. Knowledge of local plants, 
including their cultivation, traditional 
uses, and their nutritional, and medicinal 
attributes are woven into the customs, 
ceremony, and traditions of local tribes. 
Reintroduction of Traditional Ecological 
Knowledge (TEK) and stewardship prac-
tices is gaining attention in areas where 
tribal knowledge is willing to be shared. 

A strong network of Kumeyaay and 
Payómkawichum/Luiseño elders exists 
in San Diego County and these elders are 
assisting natural resource professionals 
through knowledge sharing and collab-
oration. California State Parks recently 
benefitted from a collaborative effort 
with the San Diego River Conservancy, 
the Greater San Diego Resource Conser-
vation District, the Kumeyaay Diegueno 
Land Conservancy, the San Diego Can-
yonlands Conservancy and local Native 
American young adults who participated 
in a unique workforce development 
program for fuels management work 
in Cuyamaca. During a seven-month 
season, the crew was trained in and per-
formed modern fire management and fu-
els reduction work. Elders and knowledge 
keepers from their tribes also contributed 
by meeting with the crew to share cultural 
knowledge and stewardship practices. 
Collaborations such as this are important 
avenues for building inclusivity and part-
nerships with Native Americans.

7. Leverage Carbon Finance 
The CRSP Reforestation Project was 

initiated during a period of economic 
downturn for California and the $13.6 
million project would not have been pos-
sible without carbon funding. Leading 
a 17-member interdisciplinary project 
development team through the scoping, 
design, and implementation of the first 
forest carbon project was challenging 
and rewarding as we worked through 
the complexities of both restoration and 
carbon project development. The project 
was the first reforestation carbon project 
to be registered with the Climate Action 
Reserve in 2012 and the first public lands 
forest carbon project to be registered on 
a major public registry. Additional fund-
ing subsequently came from state and 
private sources.  

While there are valid concerns regard-
ing the burgeoning carbon market, the 
fact is that state and federal dollars will 
not meet the need for reforestation, for-
est restoration, or healthy forest manage-
ment. This is part of the reason that our 
nation’s forests are landscape-scale tin-
derboxes. Private sector funding can help 
meet the financial burden of restoration, 
management, and long-term carbon 
sequestration through carbon markets, 
though transparency, third-party valida-
tion, and additionality will be essential 
to building trust. The conversation on 
carbon markets is the topic of a different 
article but suffice it to say that this form 
of valuation of the forest’s unique capaci-
ty to sequester carbon should be weighed 
as an avenue to finance the substantial 
costs of reforesting after catastrophic loss 
and as an alternative income stream for 
landowners and foresters alike. 

Today, our forests face multiple threats 
compounded by a changing climate 
change and decades of fire suppression 
practices. Only by working together can 
we effectively address these threats and 
ensure our nation’s forests are healthy 
and resilient for decades to come.  WF
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