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Summary
The St. Vrain Forest Health Partnership is a collaborative of 200+ partners including
fire/water/conservation districts, agencies, towns, and community representatives. We are
working to increase the fire resilience of the forests in the St. Vrain Watershed for the benefit of
our communities, forest ecosystems, and water supplies. This document provides guidance to
support forest managers and fire mitigation practitioners in the St. Vrain Watershed in developing
project-scale desired future conditions (DFCs) and plans for forest restoration within the St. Vrain
Forest Health Partnership’s adaptive management process. Across the Front Range, increasing risk
of high-severity wildfire and a complex matrix of wildland and urban areas present a management
challenge that requires on-the-ground restoration and fire mitigation through cross-boundary
collaboration. On-the-ground forest restoration includes looking back at historical conditions for
context, and restoring for and adapting to future conditions. The St. Vrain Forest Health
Partnership (Partnership) came together to develop an adaptive management process for forest
restoration, starting with development of landscape-scale community values. Building on these
values, this document provides guidance on how these landscape-scale community values can be
integrated with biophysical (ecological) zones and gradients, collaboration across boundaries, and
climate change adaptation to develop project-scale DFCs. This document also provides templates
for designing a monitoring strategy and an overview for each additional step of the adaptive
management process. Together, this information will guide project managers and on-the-ground
practitioners in developing future project- specific DFCs as well as restoration actions to achieve
those DFCs.
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Adaptive Management Executive Summary
St. Vrain Forest Health Partnership
The adaptive management process is described below with information about
opportunities for input and key steps in the science process. The next page
describes the purpose and deliverables associated with each step in the process.

Inherent to learning and
adjusting, collaborative
planning with opportunities
for partner and public input
guides each step in the
process.

Adjust and
iterate at all
steps based on
what is learned.

Collaboratively developed with community
members and partners to reflect landscapescale community values, climate change
adaptation, cross-boundary collaboration, and
biophysical (ecological) gradients.

Desired
Future
Conditions

Monitor

Adjust
Collaboratively
Projects
Planned
Projects

Reporting
and
Watershed
Communication
Report

Annual reporting via State
of the Watershed Report
and project-specific
reports for partners and
the community.

Collaborative
Collaborative
Workshop
Workshop

Monitoring data and
restoration efforts are shared
across partners and
community annually. Workshop
events include data sharing and
on-the-ground project tours.

Monitoring occurs
before, during, and after
restoration to track
progress toward desired
future conditions and
ensure accountability.

Design and implement
forest restoration projects
with project-specific desired
future conditions. Projects
are identified and prioritized
during collaborative and
community planning
workshops.

Learn More!
https://watershed.center
/restore-forests

Desired
Conditions

Monitor

Collaborative
Workshop

Collaboratively
Planned Projects

Reporting and
Communication

Learn and
Adjust

Desired future conditions (DFCs) at the project scale will
be developed by project managers, and informed by 1)
landscape-scale community values, 2) climate change
adaptation, 3) biophysical gradients and zones, and 4) crossboundary collaboration.
Data collection occurs before, during, and after on-theground restoration to track progress toward desired future
conditions.

Monitoring data and restoration efforts are shared across
partners and community annually. Workshop events include
data sharing and on-the-ground project tours.

On-the-ground forest restoration is implemented in
strategically-selected locations following ecological gradients
and working toward desired future conditions. Together,
individual restoration projects lead to a mosaic of treatments
across the landscape that mitigate risk to our communities,
forests, and water resources. In long-term planning, landscapescale cross-boundary areas are prioritized for treatments.
Annually, action plans within those prioritized areas are
developed collaboratively to work toward contiguous treated
areas across boundaries.
Ongoing reporting on monitoring data and restoration
projects with versions for stakeholder and community
audiences. Reports will be shared on our website and in
newsletters.
Adjusting and iterating at all steps based on what is learned is
inherent to adaptive management, ensuring flexibility and
accountability for managing dynamic and complex systems.
Public input is welcomed at all stages of the Adaptive
Management process.

Adaptive Management Process
An adaptive management process is foundational to the Partnership’s forest projects. Key aspects
(described in Figure 1) of this process include 1) desired future conditions, 2) monitoring, 3) annual
collaborative workshops, 4) collaboratively planned on-the-ground projects, 5) reporting and
communication, and 6) learning and adjusting. Iterating these six key steps on a regular basis is necessary
to assess our forest’s trajectory towards desired future conditions, and adjust regularly based on what is
learned.
Notably, scientific data are essential to our process because they provide a quantitative method to assess
our trajectory, communicate verifiable information to our community, and make evidence-based
decisions. This document addresses each step of the adaptive management process, with emphasis on
the development of project-scale desired future conditions (DFCs) and monitoring (data collection)
designs. Also essential are collaborative planning and public input, so that cross-boundary forest
restoration accountsfor the diverse goals, needs, and priorities of diverse stakeholders and the public,
and diverse resources are leveraged to achieve cross-boundary restoration.
In the following sections, we describe each step of the adaptive management process, with specific
emphasis on developing project-scale desired DFCs and developing an adaptive management monitoring
framework to assess DFCs.

Figure 1. St. Vrain Forest Health Partnership Adaptive Management Process.
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Desired Future Conditions
Within the Partnership’s adaptive management process, DFCs are guiding forest restoration project
planning and monitoring. A key aspect of DFCs is that they can be considered at different scales, from
landscape to project. Below, we describe how the Partnership is integrating landscape-scale community
values with biophysical (ecological) zones and gradients, collaboration across boundaries, and climate
change adaptation to help guide project managers and practitioners in developing project-scale desired
future conditions.

Current Conditions across the Front Range
In developing DFCs, it is important to consider current conditions. Across the Front Range, increasing risk
of high-severity wildfire and a complex matrix of wildland and urban areas present a management
challenge that requires on-the-ground restoration and fire mitigation through cross-boundary
collaboration. While current conditions will vary across the St. Vrain Watershed, this section describes
general current conditions that will need to be considered at the project scale.
Generally, Front Range forests can be currently characterized by the following trends (Addington et al.
2018; Sherriff and Veblen 2006; Battaglia et al. 2018; Rodman et al. 2019; Veblen 1986; Schoennagel
2011; Rother and Veblen 2017; Veblen and Lorenz 2986). For context of where upper montane and
lower montane areas exist across the northern Front Range of Colorado, please see Figure 2 below from
Kaufmann et al. 2006.
•

•
•
•

•
•
•
•

Historical fires below 6,400’ were typically lower-severity and more frequent while historical
fires above 7200’ were typically higher-severity but less frequent. Thus, forests in the upper
montane are typically adapted to, and support high-severity wildfire so treatments in these
areas should be focused on risk reduction to communities and water resources as well as
creating/maintaining potential control lines near these assets. In the lower montane,
treatments can more easily meet both risk reduction and ecological restoration goals.
High-severity fires are occurring across greater spatial extents, which can increase soil erosion,
cause loss of habitat for forest obligate species, and decrease carbon sequestration
Forest cover in the northern Front Range of Colorado has increased by about 7.8% overall
(between 1938-2015), however this was spatially variable and many sites showed forest loss.
Natural tree regeneration post-fire is limited after higher-severity fires, both because of loss of
seed sources in high-severity wildfire and because of climate change driven unfavorable growing
conditions post-fire. This is an important consideration both for using pre-fire management to
promote refugia for seed source trees and post-fire growth, as well as for planning for post-fire
restoration. See Southern Rockies Reforestation Tool for management recommendations postfire.
Heterogeneity of tree stand structure across both landscape- and stand-scales has decreased due
to both fire suppression and widespread logging.
Proportion of old-growth trees in stands has declined, mostly due to logging in the late 19th and
early 20th centuries.
Multiple fires have resulted in excessive runoff, sediment inputs, and erosion that have negative
impacts for water quality and delivery.
Shade-tolerant species such as Douglas fir have increased in prevalence, in some areas due to fire
exclusion and in other areas due to natural forest succession. Over much of this landscape, stands
that were dominated by Doug fir prior to burning are recovering to Doug fir, and in some
8

•
•

•
•

locations ring counts stumps in treated areas show that the Douglas fir and Ponderosa pine were
approximately the same age – i.e. both regenerated after 19th century fires (pers. comms.,
Veblen).
In the upper montane zone, there are variable results from research on relative changes in
cover of Ponderosa pine and Douglas fir and whether/why these forests have become more
dense (e.g., Battaglia et al. 2018, Sherriff and Veblen 2006).
Forests have experienced multiple epidemic outbreaks of the mountain pine beetle (and other
pests) which may cause higher tree mortality in dense forest condition but are also a natural
component of forest dynamics. These outbreaks are regarded as climate-driven, and research
has yielded mixed or inconclusive results regarding the effectiveness of silvicultural
treatments in reduction bark beetles.
Species that depend on habitat that is maintained by historical fire patterns, including
high-severity wildfire, may be impacted by habitat loss (e.g., Pawnee montane skipper,
northern goshawk and its food web, mule deer, and Abert’s squirrel).
According to analyses conducted by David Batts using the Rangeland Analysis Platform, in
the St. Vrain Forest Health Partnership potential forest restoration area:
o Tree cover has increased by almost 22% from 1986 (29% coverage) to 2020 (50%
coverage)
o Perennial forb and grasses (tend to be native species) have decreased in cover by
8% from 1986 (21% coverage) to 2020 (13% coverage). Historically, perennials
tended to rebound with higher precipitation years, but that appears to not be the
case for the last 7 years (2013-2020).
o Shrub cover has remained constant at ~10% coverage.
o Annual forb and grass coverage has increased by 3%.
o The drop in coverage of perennials and consistent increase in annals has been
most notable over the last 9 years (2011-2020). This could have important
implications for fire behavior, e.g., cheatgrass often acts as an explosive fuel.

Figure 2. Major vegetation zones in the Colorado Front Range, Kaufmann et al. 2006.
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Project-Scale Desired Future Conditions
Project-scale DFCs incorporate 1) landscape-scale community values, 2) climate change adaptation, 3)
biophysical gradients and zones, and 4) collaboration across boundaries. This section establishes the role of
these four factors in defining a project-scale DFC to support project managers and on-the-ground
practitioners. Notably, each of the four factors above make up a portion of the equation that project
managers and practitioners will use in defining DFCs for each unique project, and project-specific
opportunities and challenges will drive how project managers weigh and incorporate each of these factors
into DFCs. The purpose of this approach is to provide ample flexibility for project managers to select
project-specific desired future conditions while integrating into a broader, collaborative adaptive
management strategy.

1) Landscape-Scale Community Values
Landscape-scale community values (Table 1) were developed by the St. Vrain Forest Health
Partnership with 30 stakeholders at two community workshops. These values incorporate ecological
and social values, as well as climate change, and inform project-scale DFCs and monitoring designs. By
using landscape-scale values to inform project-scale DFCs, the Partnership is helping ensure that
individual projects (with unique opportunities and challenges) are collectively contributing to a shared
landscape-scale trajectory for forest restoration, and that diverse cross-boundary social and ecological
values are considered by project managers and practitioners.
Value

Description

Forested landscapes are adapted
to climate change, less
susceptible to high-intensity
wildfire, and are resilient to
wildfire and other disturbances.

Where appropriate in relation to ecological restoration and fire
mitigation goals (e.g. in the lower montane and in the upper
montane directly around communities), diverse forest structure
is promoted including range of species, age classes, tree sizes,
irregularly spaced tree groups, and gaps and openings of various
sizes. This open forest structure helps reduce frequency and size
of high severity fire on the landscape, and promotes to
resilience to pest and disease outbreaks. Low severity fire is reintroduced and utilized to maintain desired structural condition
and forest ecosystem processes.
Negative consequences of
Landscape scale forest restoration reduces the risk of high
wildfire are mitigated near
severity wildfire occurring on the landscape in areas adapted to
communities.
low-severity wildfire and around highly valued resources and
assets. Well-designed and well-managed firebreaks reduce the
risk to critical infrastructure and communities. Communities can
utilize safe evacuation or shelter in place options during
wildfires.
Risk to water utility infrastructure Hillslope erosion is limited to natural processes and is not
is mitigated so that the
excessive (high severity fires around water resources and
watershed can continue to
infrastructure, and presence of hydrophobic soils are limited).
provide high quality water for
River systems can adapt to increased sediment inputs through
municipal and agricultural water development of sediment catchment zones within depositional
users.
reaches of the river, upstream of critical infrastructure.
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Forest ecosystems provide
quality wildlife habitat.

Landscape is heterogeneous in cover type with a mosaic of
forest and non-forest vegetation that supports nesting/mating,
forage, and cover for multiple species, including (but not limited
to): pollinators and other invertebrates, aquatic species, large
mammals, small mammals, and avian species.
Aesthetic value of the forest is
Trees remain as a component of the forested landscape, but
maintained.
comprise a mosaic of diverse conditions including forested
patches, openings, diverse age classes, diverse overstory and
understory species. Science communication helps local
communities frame forest aesthetics based on ecological
integrity (e.g., openings are recognized as beautiful and
ecologically essential).
Forests support recreation
Regional recreation access across the landscape is minimally
activities.
disrupted during implementation of restoration projects &
wildfire occurrence. Forest management limits the negative
impacts of recreational use on the environment.
Forest restoration adheres to an Landowners, agencies, communities, and other stakeholders
inclusive collaborative process.
support cross-boundary projects to increase the pace and scale
of forest restoration in the watershed. Communities support
the desired conditions described above.
Table 1. Landscape-scale community values.
Social and ecological values were incorporated into landscape-scale values through diverse statements
that spanned from human values (e.g., forest aesthetics, cultural resources, recreation) to ecological
characteristics (e.g., resilient forests to wildfire, forest heterogeneity is present). Integrating social values
at the project scale is important for increasing public input and support of restoration actions, as well as
ensuring that ecosystem services and risk for communities are considered and addressed. Because social
values tend to have discrete locations on the landscape and have a varying degree of influence on
project planning (e.g. not all project sites will be near homes or recreation sites), we define ecological
characteristics at the biophysical-zone scale (e.g., mesic sheltered slopes at 8,500-9,000 ft elevation
should have 50-70% canopy cover) in order to guide management actions.
To support landscape-scale values, it is critical that project managers and practitioners incorporate social
and economic values into project-level DFCs. For example, if a project site is near water infrastructure,
project-level DFCs should include information on how excessive sediment transport into water after a
fire can be prevented through management actions. Local experts may need to be consulted to refine
management actions, especially related to localized conditions such as wildlife habitat. Project managers
and practitioners can use the checklist below of example considerations to help ensure that they are
incorporating social and economic community values into project-scale DFCs:
How close are recreation resources?
What types of recreation is the site going to support?
Are there ways to modify the biophysical zone DFC at the project site to minimize human
disturbances such as human-wildlife conflict, social trails, and damage to restored areas?
How close are highly valued resource(s) and how can restoration mitigate risk to those
resources? We recommend using site-specific fire behavior modeling under multiple
(realistic) weather scenarios to help understand risk to these resources.
How close is water infrastructure? Can management prioritize locations or actions
strategically to minimize damage to downstream water resources and infrastructure if a fire
11

were to occur at the site in the future? Consider whether river restoration and engineering
solutions to enhance sediment capture would be more effective both on its own and/or
combined with forest management.
Can you collaborate with other groups and neighboring landowners to strategically select
project sites so that individual projects contribute towards large, contiguous areas of treated
forests?
Has the public been engaged through field trips and meetings to provide education
opportunities, build support, and receive feedback? Has public feedback been meaningfully
incorporated?
Will management promote an aesthetically pleasing forest (e.g., no lop and scatter close to
homes or roads/trails; favor chip and haul vs burn piles close to homes or road)?
How will management actions affect wildlife habitat? If a project is being designed to
promote ecological function, wildlife habitat should be a key consideration during project
design. If mitigation next to a community is needed, and risk reduction is being favored over
ecological function, how can impacts to wildlife be minimized and how can wildlife habitat be
supported adjacent to the project area?

2) Climate Change Adaptation
In Colorado, temperatures have increased by 2 degrees F over the past 30 years, snow is melting 1-4
weeks earlier in spring, and fire seasons are projected to be longer and to burn a greater area (Lukaset al.
2014). Due to these changing conditions that impact both the frequency and severity of wildfire and
other disturbances, it is critical to incorporate climate change into land management practices if we are
to restore forest conditions that are resilient into the future. Thus, the incorporation of climate change
and adaptation will be addressed as foundational to all project-scale DFCs.
In addition to changing frequency and severity of disturbances (driven by climate, unplanned human
ignitions, etc.), the impacts of climate change are further compounded by the departure of forest
conditions from historical structure and composition in many areas across the landscape due to past land
management policy and rapid human development in the wildland urban interface. The rate of climate
change observed in recent decades raises concern that ecosystems could struggle to adapt. In addition to
restoring more resilient forests and reducing wildfire risk, management actions can promote climate
change adaptation to maintain ecosystem services in an uncertain future.
Toward the goal of incorporating climate adaption at the project-scale, managers should consider and
pre-determine which climate adaptation strategy may maximize climate adaptation benefits within
project-specific circumstances. Project managers may consider (at the highest-level) the following for
climate change adaptation strategies (as defined by Lynch et al. 2021):
• “Resist ecosystem transformations; management actions that focus on maintaining current or
historical ecosystem structure and function (services);
• Accept ecosystem transformations; managers yield to ongoing transformations (i.e. by not
intervening), accepting ecosystem structure and function that emerge from the transformation;
and
• Direct ecosystem transformation toward a specific alternative outcome; managers accept that
change is inevitable but intervene to steer the transformation toward an ecosystem state with
particular structure and function.”
Notably, higher elevation forests above 9,100’ will generally require a “direct” approach to climate
12

change because their longer fire return intervals generally exceed current fire suppression practices.
These forests are unlikely to have significantly departed from historical conditions but are still impacted
by climate change with wildfires increasing in elevation as the climate warms (Alizadeh et al. 2021) and
shifts in lower elevation species (e.g. ponderosa pine) towards higher elevations. For this reason, climate
adaptation in these forests will generally require a “direct” approach (potentially both before and after
fire) because the future desired condition in these high elevation forests will not integrate the longer fire
return intervals of historical conditions but will instead direct these forests to be better adapted to future
climate conditions.

3) Biophysical Gradients and Zones
Project-scale DFCs should also incorporate biophysical site characteristics, or the underlying moisture
gradients that vary across aspect, elevation, slope, and soils. Here, we describe biophysical site
characteristics both as gradients and as zones. Our description of biophysical gradients can support
managers in designing restoration treatments (e.g., considering where to leave higher densities of trees
due to underlying moisture gradients), while our description of biophysical zones provides information on
the historical forest structure present across different topographies. Together, biophysical gradients and
zones can aid managers in developing both project-scale DFCs and restoration plans.
Biophysical Gradients
Restoration actions, which promote heterogeneity at the landscape and stand scales can minimize the
likelihood of high-severity wildfire where desirable, increase wildlife habitat diversity, and provide
refugia for climate-sensitive species. Thus, project outcomes should contribute to a diverse landscape
mosaic with varying forest structure and composition. Further, within sites, restoration actions should
contribute to fine-scale heterogeneity in forest structure and spatial patterns that mimic natural
disturbance patterns (e.g., restore forest openings and meadows, maintain snags and downed logs).
To achieve this, managers should use biophysical gradients to guide on-the-ground decisions. Along the
Front Range, changes in vegetation, species composition, age classes, stand density, and canopy cover are
closely linked to changes in topography, moisture availability, and soils. For example, moisture increases
with elevation, and ridges and south-facing slopes are generally drier. Vegetation type and forest
structure will then naturally follow these underlying moisture gradients, with denser stands and higher
proportions of Douglas-fir and Aspen in areas of greater soil moisture (Figure 2; Addington et al. 2018).
Restoration actions should thus follow these biophysical gradients when restoring forests (e.g., greater
density of tree groups on north facing slopes). To this effect, the following biophysical characteristics of a
site (likely even within-site differences) should be considered and followed when choosing project-scale
DFCs:
Elevation – Vegetation can change dramatically over elevational gradients along the Front Range, mostly
in response to substantial changes in the precipitation and temperature. From the plains below 6,000 feet
up to the alpine tundra above 11,000 feet average temperatures can drop by 25 F° and precipitation can
double. These changes in temperature and precipitation lead to a shorter growing season, higher
moisture availability, and a less frequent fire regime at higher elevations.
Aspect – Due to higher solar radiation, south-facing slopes tend to have lower soil moisture than northfacing slopes. Forests tend to be more open on south facing slopes and support the more frequent low
13

severity fire regimes. On north-facing slopes lower temperatures and evapotranspiration create deep
snowpacks that persist later into the year. The conditions on north- facing slopes generally have higher
productivity that can support higher tree cover. However, forest structure patterns can be highly variable,
including openings and closed canopy patches. Fire behavior is also more variable on north-facing slopes.
North-facing slopes may provide refugia for certain forest types as warmer and drier climate conditions
push vegetation to new areas of the landscape.
Slope and slope position – At the local scale and within project areas, slope position can influence
moisture gradients, where productivity and tree density regularly decrease from the bottom of slopes to
mid-slope to ridges. Slope steepness can also influence moisture availability, where soil moisture decreases
with increasing slope. Gentle slopes below 20 percent tend to develop deeper soils that retain more water,
and steep slopes are often prone to soil loss.
Soils – Soil formation along the Front Range is generally rocky, shallow, coarse, and slightly acidic, which
leads to relatively lower productivity when compared to other regions in the western United States. Soil
formation can also be influenced by aspect and slope, where south-facing and steep slopes often lack an Ohorizon with organic matter. However, soils can vary on a fine scale, and managers can note vegetation
productivity patterns in the field to gain an understanding of how soils changes within a project area. Soils
that are less productive and have a lower water holding capacity should support less tree cover and more
drought resistant species. In addition to north-facing slopes, managers should consider soil types and
topographies that might serve as refugia under climate change. For example, there are rocky sites occupied
by old conifers that have survived multiple fires where special efforts at fuels reduction within 100 ft of
those trees could enhance survival in future fires, thereby protecting seed trees for post-fire regeneration.
Latitude – Climate varies from south to north at a broad scale along the Front Range; however, changes
related to latitude are small within St. Vrain Watershed. In general, areas to the south maybe slightly
warmer and drier than areas further north.

Figure 3. Figure and caption from Addington et al. 2018. “Variation in forest structure reflecting
topographic influences and underlying moisture gradients. South-facing slopes are characterizedby open,
ponderosa pine woodlands with trees occurring both in groups and as scattered individuals. Forest density
14

increases in areas with higher moisture, such as north-facing slopes.The proportion of Douglas fir typically
increases as well with increasing moisture. Aspen is also an important component of forest structure,
typically occupying areas with higher moisture availability”.
Biophysical Zones
Key to the adaptive management process is defining quantifiable, achievable DFCs to work toward for
each project. To support managers in developing ecologically-appropriate restoration goals based on
these biophysical gradients, and in achieving landscape heterogeneity across projects, we identified
biophysical zones that can help to guide DFCs at a given location on the landscape. We define
biophysical zones by the combination of elevation, topography (e.g., ravine, sheltered slope, open
slope, ridgeline), aspect, moisture gradient, and dominant vegetation type (Peet 1981; Figure 4).

Figure 4. Biophysical zones are defined by the combination of elevation, aspect, topography,
15

and dominant vegetation and are denoted with letter and number codes (e.g., A-1). Each code
has associated desired future conditions listed in the table below.
Please reference Figure 4, which shows all biophysical zones on the Colorado Front Range (adapted from
Peet 1981). For each biophysical zone, we provide information on pre fire-suppression ranges of forest
composition and structure to help guide project-scale management decisions (Table 2). To see where
these biophysical zones exist in our Partnership geography, see Figure 5. For a searchable web map of
biophysical zones go to: https://arcg.is/9yKnb.

Figure 5. Map of biophysical zones within the St. Vrain Forest Health Partnership’s Potential Forest
Restoration Area (Danna Muise, USFS). For a searchable web map of biophysical zones go to:
https://arcg.is/9yKnb.
Below 9,100’ in the montane zone, restoration actions can both restore forest structure to historical
conditions (which have been departed from due to fire suppression, etc.) and meet goals of fire risk
reduction. Thus, biophysical zone-scale DFCs below 9,100’ will likely more often utilize a “resist” climate
adaptation strategy. In contrast, forests in the upper montane are typically adapted to, and support
high-severity wildfire so treatments in these areas should be focused on risk reduction to communities
and water resources as well as creating/maintaining potential control lines near these assets. Further,
forest management in these areas, both pre- and post-fire will need to consider novel conditions that
will support climate adaptation using a “direct” (i.e. transformative) climate adaptation strategy (e.g.
16

assisted migration).
BIOPHYSICAL ZONE
Insolated shrubland/ponderosapine
savannah on ridgetops at 5,000-7,000 ft
elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Rabbit Mountain
A-1: Insolated ponderosa pine on open
slopes at 6,000-7,200 ft elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Hall Ranch, Heil Ranch and Betasso
Preserve

A-3: Insolated ponderosa pine on
ridgelines at 7,000-8,000 ft elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Estes Valley

A-5: Insolated ponderosa pine on
ridgelines at 8,000-8,500 ft elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Benedict Ranch

PRE FIRE-SUPRESSION FOREST COMPOSITION AND
STRUCTURE RANGES
Total Canopy Cover: <10%
Total Shrub Cover: 50 - 70%
Total Herbaceous Cover: 40 - 90%
Relative Tree Composition:
• 85-100% ponderosa ( 1 - 5 BA sq ft/acre),
• 0-15% Rocky Mountain juniper
Tree Group Size: Most trees are isolated individuals with
occasional small groups of 2-4 trees.
Total Canopy Cover: 10 - 20%
Total Shrub Cover: 25%
Total Herbaceous Cover: 50%
Relative Tree Composition:
• 90-100% ponderosa (5 – 15 BA sq ft/acre)
• 0-10% Rocky Mountain juniper
Tree Group Size: Most trees are Isolated individual trees
and small to medium size tree groups with 2-9 trees per
group. Occasional large groups and continuous canopy
with more than 16 trees are rare.
Total Canopy Cover: 15 - 25%
Total Shrub Cover: 25%
Total Herbaceous Cover: 50%
Relative Tree Composition:
• 90-100% ponderosa ( 5 – 15 BA sq ft/acre)
• 0-10% Rocky Mountain juniper
Tree Group Size: Roughly half of trees are Isolated
individuals and half are in small and medium tree groups
of 2-9 trees.
Total Tree Cover: 20 - 30%
Total Shrub Cover: 25%
Total Herbaceous Cover: 50%
Relative Tree Composition:
• 70-90% ponderosa ( 30 – 50 BA sq ft/acre)
• 0-10% Douglas-fir
• 0-20% limber
• 0-10% Rocky Mountain juniper
Tree Group Size: Even balance of isolated individuals,
small, and medium groups of 2-9 trees. Large tree groups
greater than 10 trees are rare.
Proportion of Trees in Groups: 10-30%
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A-2: Open ponderosa pine on open
slopes at 6,000-8,000 ftelevation
Based on Front Range Forest
Reconstruction Network Reference
Site: Hall Ranch, Heil Ranch and
Betasso Preserve

A-4: Open ponderosa pine onopen
slopes 8,000-9,000 ft elevation
Based on Front Range Forest
Reconstruction Network Reference
Site: Benedict Ranch

B-1: Dry-mixed conifer on sheltered slopes
at 6,000-8,000 ft elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Hall Ranch, Heil Ranch and Betasso
Preserve

Total Tree Cover: 15 - 30%
Total Shrub Cover: 15 - 25%
Total Herbaceous Cover: 40 - 60%
Relative Tree Composition:
• 80-100% ponderosa (20 – 30 BA sq ft/acre)
• 0-10% Rocky Mountain juniper
• 0-5% aspen
• 0-10% Douglas-fir
Tree Group Size: Most trees are Isolated individual trees
and small to medium size tree groups with 2-9 trees per
group. Occasional large groups of 10-15 trees and
continuous canopy with more than 16 trees are rare.
Total Tree Cover: 25 - 50%
Total Shrub Cover: 15 - 25%
Total Herbaceous Cover: 40 - 60%
Relative Tree Composition:
• 75-90% ponderosa (20 – 30 BA sq ft/acre)
• 0-2% Rocky Mountain juniper
• 0-10% aspen
• 5-15% Douglas-fir
Tree Group Size: Most trees are Isolated individual trees
and small to medium size tree groups with 2-9 trees per
group. Occasional large groups of 10-15 trees and
continuous canopy with more than 16 trees are rare.
Total Tree Cover: 20 - 45%
Total Shrub Cover: 15 - 25%
Total Herbaceous Cover: 40 - 60%
Relative Tree Composition:
• 90% ponderosa (25 – 35 BA sq ft/acre)
• 2% Rocky Mountain juniper
• 4% aspen
• 3% Douglas-fir
Tree Group Size: Even balance of Isolated individual trees,
small, medium, and large tree groups with 2-15 trees per
group. Occasional continuous canopy with more than 16
trees.
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B-2: Dry-mixed conifer on open slopes at
7,000-9,000 ft elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Estes Valley and Benedict Ranch

B-3: Xeric dry-mixed conifer on
ridgelines at 9,000-9,800 ft elevation

Total Tree Cover: 20 - 50%
Total Shrub Cover: 10 - 15%
Total Herbaceous Cover: 40 - 70%
Relative Tree Composition:
• 70-90% ponderosa (25 – 50 BA sq ft/acre)
• 0-5% Rocky Mountain juniper
• 5-10% aspen
• 5-15% Douglas-fir
Tree Group Size: Most trees are Isolated individual trees
and small to medium size tree groups with 2-9 trees per
group. Occasional large groups of 10-15 trees and
continuous canopy with more than 16 trees are rare.
Needs data.

C-1: Wet mixed conifer in ravinesat 7,5008,500 ft elevation

Needs data.

C-2: Mesic mixed conifer inravines
at 8,000-8,500 ft elevation

Total Tree Cover: 50 - 75%
Total Shrub Cover: 10 - 15%
Total Herbaceous Cover: 35 - 70%
Relative Tree Composition:
• 0-40% blue spruce
• 20-60% Douglas-fir
• 10-60% aspen
• 0-20% ponderosa
Tree Group Size: Most trees are in large tree groups and
continuous canopy greater than 10 trees. Occasional
small and medium tree groups, and isolated trees are
rare.
Total Tree Cover: 50 - 70%
Total Shrub Cover: 10 - 15%
Total Herbaceous Cover: 35 - 70%
Relative Tree Composition:
• 0-20% blue spruce
• 10-50% Douglas-fir
• 20-80% aspen
• 0-20% lodgepole
• 0-10% ponderosa
Tree Group Size: Most trees are in large tree groups and
continuous canopy greater than 10 trees. Occasional
small and medium tree groups, and isolated trees are
rare.
Needs data.

Based on Front Range Forest
Reconstruction Network Reference
Site: Estes Valley and Benedict
Ranch

C-3: Mesic mixed conifer on sheltered
slopes at 8,500-9,000 ft elevation
Based on Front Range Forest
Reconstruction Network Reference Site:
Benedict Ranch

D-1: Lodgepole pine on openslopes at
8,800-9,800 feet
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D-2: Mesic lodgepole pine andDouglasfir on open slopes at 8,000-9,200 feet

Needs data.

D-3: Xeric lodgepole pine and mixed
conifer on exposed slopes and ridgelines at
8,500-9,500 feet

Needs data.

Table 2. Biophysical zone-scale data on historical forest structure and composition.

3) Cross-Boundary Collaboration and Planning
Action plans for on-the-ground restoration will be developed in coordination and collaboration with
neighboring projects, so that the values, needs, and priorities of neighboring properties are integrated
into project-scale DFCs. Toward this goal, project managers across the Partnership will maintain open,
ongoing communication during project planning. For example, project managers can consider organizing
a field tour to potential project sites with the people/entities that own adjacent land. This collaboration
will lead to a mosaic of forest restoration that increase resiliency to fire at both the project and landscape
scale.

Collaboratively Planned Projects

Due to the overwhelming spatial scale of this challenge (and a lack of matching resources), a strategic
approach to wildfire mitigation and forest restoration to promote wildfire resilience is needed. Toward this
goal, there have been many landscape- and community-scale strategic planning efforts across the St. Vrain
Watershed. At the landscape scale, we worked with our partners across the county to develop strategic
focus areas for forest restoration planning and implementation (see our interactive map). These areas aim
to build off and connect to exiting treatments, previous burn footprints, and create a landscape where fire
could move through without devastating impacts to community, forest and water supplies. Modeling tools
were also leveraged to identify high-risk areas, including use of Potential Operational Delineations (PODs),
suppression difficulty indices, flame length models, and CFRI’s Qualitative Wildfire Risk Assessment. The
Watershed Center then brought these focus areas to community members at eight community planning
meetings across the watershed to gain feedback and to aid us in strategizing at the community scale.
Notably, we have heard strong scientific and social consent for focusing work around communities, homes,
and along POD boundaries. We recommend prioritizing these projects to meet both community- and
landscape-scale goals.
Collaborative planning products such as our community planning data map, fire behavior modeling, PODs,
etc., will be iteratively used and updated to facilitate and advance discussions with our communities,
practitioners, and stakeholders. Our Partnership relies on continued engagement from all stakeholders and
partners to continually ensure we are meeting collective goals in the most effective and responsible way
possible. This includes, and will continue to include, opportunities for the public to help define, refine, and
review DFCs and project plans.
Together, individual restoration projects will lead to a mosaic of treatments across the landscape that
mitigate risk to our communities, forests, and water resources. Typically, in the Front Range,
management actions will need to reduce fuel in our forests (i.e., decrease canopy cover) to achieve a
reduction of fire risk. Toward this aim, the following on-the-ground restoration treatments may be
utilized (this list does not include all management options):
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•

•

•

Silvicultural Systems
o Thinning
o Regenerative (patch and clear-cuts)
Treatment Methods
o Mechanical
 Heavy ground-based
 Hand and light equipment
 Mastication
 Aerial tree removal
o Prescribed Burning
 Broadcast burning
 Pile burning
Managed wildfire

Monitoring
Adaptive management offers the flexibility necessary to manage complex and changing ecosystems.
Using adaptive management, we define our goals, quantitatively track progress toward our goals, and
adjust management or monitoring actions iteratively, based on what is learned. Thus, pre- and postproject monitoring (data collection) should be conducted within an adaptive management framework
to inform progress toward project-scale desired future conditions and to inform future projects. At this
time, projects should be monitored by the entity implementing the project, but current discussions will
continue to outline how the Partnership can support these intensive processes. Through the Watershed
Center’s Adaptive Management at Scale program, we will also be collecting monitoring data at multiple
representative forest sites across Boulder County. Key components of the monitoring strategy should
include indicators and metrics which measure progress towards desired conditions.
•

“Indicators” refer to a category of function that we want to track the progress of (e.g., is the
indicator “water quality” meeting our project-scale DFC?).

•

“Metrics” are the specific data that we can use to measure the progress of a given indicator
(e.g., benthic macroinvertebrates are a key metric of good water quality so we can collect data
on benthic macroinvertebrates to quantitatively determine whether water quality is meeting
project-scale DFCs). The project-scale DFC is defined by the project manager and acts as a
quantitative threshold of whether an indicator is showing progress.

•

“Action” refers to the action taken if that quantitative threshold is not met, meaning that
approaches are iteratively evaluated and adjusted to achieve desired future conditions.

Case study
For example, in the adaptive management process, percent cover data may be collected to track
trajectory toward a project-scale canopy cover DFC. If tree cover data show that a project site hasoverly
dense trees post-restoration when compared against the DFC, restoration actions such as continued
thinning may be considered. Additionally, if mitigating risk to water quality is a project- scale DFC
(informed by landscape-scale community values), water quality data may be collected (including
following any disturbance) to track progress toward that DFC. If water quality data signal any issues,
restoration actions such as those that increase sediment capture above water infrastructure may be
considered.
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Below, we provide example tables for project-scale monitoring plans. Each monitoring plan should track
progress toward project-scale DFCs. Here, we organize these example plans by landscape-scale
community value to support managers in integrating landscape-scale community values into their
project-scale DFCs and adaptive management plans. For each value, we provide examples of potential
indicators, metrics, project-scale DFCs, and actions if the DFC is not met. These tables can act as a
template for project managers and practitioners to fill out when developing their monitoring plan. For
example, not all of these will be relevant for every project, but managers may consider which indicators
will be most relevant and useful given the project-scale DFCs that they develop.
Value 1: Where appropriate in relation to ecological restoration and fire mitigation goals (e.g. in the
lower montane and in the upper montane directly around communities), diverse forest structure is
promoted including range of species, age classes, tree sizes, irregularly spaced tree groups, and gaps and
openings of various sizes. This open forest structure helps reduce frequency and size of high severity fire
on the landscape, and promotes to resilience to pest and disease outbreaks. Low severity fire is reintroduced and utilized to maintain desired structural condition and forest ecosystem processes.
Example of Project-Scale
Indicator
Metrics
Action
DFC
Use thinning and
Canopy
Canopy cover is less than
Percent cover
prescribed fire to reduce
cover
30%
canopy cover.
Percent cover, average size,
Use thinning and
Forest
Gap coverage is greater
size range, size CV, shape
prescribed fire to create
gaps*
than 80%
complexity,
and expand forest gaps
Use thinning and
Group size distribution by
The percent canopy
prescribed fire to break
Tree groups
count and proportion of
cover represented by
on tree groups into
canopy cover
isolated trees is 20-25%
isolated, individual trees
Ponderosa pine
Overstory
Ratio or percent by basal area,
Use thinning to target
comprises greater than
species
trees per acre, and/or canopy
species other than
70% of the total basal
composition
cover.
ponderosa pine
area.
Increase average tree
Use thinning and
Tree age
Diameter distribution by trees
size to greater than 18
prescribed fire to remove
and size
per acre, average tree size
inches
smaller diameter trees
*forest gaps are defined as an area greater than ¼ acre with less than 10% canopy cover.
Value 2: Landscape scale forest restoration reduces the risk of high severity wildfire occurring on the
landscape in areas adapted to low-severity wildfire and around highly valued resources and assets.
Well-designed and well-managed firebreaks reduce the risk to critical infrastructure and
communities. Communities can utilize safe evacuation or shelter in place options during wildfires.
Example of ProjectIndicator
Metrics
Action
Scale DFC
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Predicted
fire
behavior

Fuel loading

Forest
structure
Wildfire
evacuation
Wildfire
control

Non-spatial: Fire type (e.g.
surface, fire active crown fire),
probability of torching,
torching index, crowning index,
flame length,
Spatial: fire type, flame length,
high severity patch size
Fuel model, surface woody fuel
loading (fine & coarse;
tons/acre), shrub cover, crown
bulk density,
Canopy base height, crown
bulk density, average tree size,
gap cover, canopy cover, tree
group distribution
Number of evacuation days,
miles of evacuation routes at
risk
Suppression difficulty index,
Potential Operational
Delineation (PODs),

Non-spatial: the
predicted fire type is
surface fire
Spatial: average high
severity patch size is
less than 10 acres

Use thinning with the
appropriate slash treatment
and prescribed fire to
reduce fuel loading and the
potential for high intensity
fire.

Fine woody fuel
loading does not
increase more than 1
ton/acre
Average canopy base
height is higher than
8 feet

Use slash management
following thinning and
prescribe fire limit or reduce
surface fuel loading
Use thinning and prescribed
fire to raise average canopy
base height

Crown fire is not
predicted within ¼
mile of evacuation
Route

Use thinning and prescribed
fire to reduce the potential
for crown fire.

The highest category
of SDI is not present
within ¼ of potential
control lines.

Use thinning and prescribed
fire to reduce SDI and to
create PCLs, work with
county and VFDs to
strategically locate wildfire
control infrastructure.

Value 3: Hillslope erosion is limited to natural processes and is not excessive (high severity fires
around water resources and infrastructure, and presence of hydrophobic soils are limited). River
systems can adapt to increased sediment inputs through development of sediment catchment zones
within depositional reaches of the river, upstream of critical infrastructure.
Indicator
Metrics
Example of ProjectAction
Scale DFC
Sediment
Suspended
Mulching slopes adjacent to
Suspended Sediment
transport
sediment increases
water to decrease erosion,
by <10% postincreasing capacity of river
treatment and postto attenuate sediment
fire, and returns to
transport through stage zero
restoration
pre-treatment/fire
after 1 year.
Water
Benthic Macroinvertebrate
BMI is maintained
Identify potential areas of
quality
Index (BMI)
post-treatment and
excessive sediment
post-fire compared
transport through additional
to pre-treatment/fire
monitoring, take action
steps listed above
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Floodplain
connectivity

Riparian width

Efficacy of
depositional
reaches

Sediment capture: Ratio of
water depth to sediment depth

Riparian width is
maintained or
improved postRestoration
Depositional river
reaches adjacent to
restoration areas
capture sediment

Restoration on river banks
increases riparian width
Beaver dam analogues are
considered to help
attenuate sediment
transport

Value 4: Landscape is heterogeneous in cover type with a mosaic of forest and non-forest vegetation
that supports nesting/mating, forage, and cover for multiple species, including (but not limited to):
pollinators and other invertebrates, aquatic species, large mammals, small mammals, and avian
species.
Example of ProjectAction
Indicator
Metrics
Scale DFC
Canopy
Overall canopy cover
Thinning reduces canopy
Percent cover
cover
is 30-35% and
cover, but not everywhere
reserves greater than
within the project area.
10 acres and 60%
canopy cover are
maintained for
goshawk nesting
habitat.
Gap coverage is
Use thinning and
Percent cover, average size,
greater than 80%,
prescribed fire to create
Forest gaps*
size range, size CV, shape
creating forage
forest gaps.
complexity
habitat for elk.
Understory
Total species richness, cover
Mountain mahogany
Use thinning and
plant
and richness by growth from
cover is greater than
prescribed fire to open up
communities
(e.g. forb and graminoid),
10% for ungulate
forest conditions and
presence and/or percent cover
forage
promote mountain
indicator plant species for
mahogany
wildlife
Presence, population count,
Big horn sheep are
Monitor big horn sheep
Wildlife
species richness; Use field
present and utilize
presence before and after
surveys, citizen science, and
habitat that was not
thinning and prescribed fire
wildlife cameras to collect data
previously occupied
*forest gaps are defined as an area greater than ¼ acre with less than 10% canopy cover
Value 5: Trees remain as a component of the forested landscape, but comprise a mosaic of diverse
conditions including forested patches, openings, diverse age classes, diverse overstory and understory
species. Science communication helps local communities frame forest aesthetics based on ecological
integrity (e.g., openings are recognized as beautiful and ecologically essential).
Example of ProjectAction
Indicator
Metrics
Scale DFC
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Overstory
species
composition

Ratio or percent by basal area,
trees per acre, and/or canopy
cover.

Tree age and
size

Diameter distribution by trees
per acre, average tree size

Understory
plant
communities

Total species richness, cover
and richness by growth from
(e.g. forb and graminoid),
cover and presence of native
and non native plants,
presence and/or percent cover
indicator plant species for
wildlife
Number of outreach materials
and events produced that
include aesthetics messaging

Community
outreach

Ponderosa pine
comprises greater
than 70% of the total
basal area.
Increase average tree
size to greater than
18 inches
Percent cover of nonnative plants is less
than 5%

3 community events
wherein participants
learn about the
ecological function of
forest
gaps/meadows, etc.

Use thinning to target
species other than
ponderosa pine
Use thinning and
prescribed fire to remove
smaller diameter trees
Use thinning and
prescribed fire to open up
forest conditions and
promote mountain
mahogany

More events/outreach are
planned.

Value 6: Regional recreation access across the landscape is minimally disrupted during implementation
of restoration projects & wildfire occurrence. Forest management limits the negative impacts of
recreational use on the environment.
Indicator
Metrics
Example of ProjectAction
Scale DFC
Recreation
Number of trailhead closure
No trailhead is closed
Restoration plans are reaccess
days during restoration and
for more than 15
visited for future projects
wildfire events
days during
to determine whether
restoration work
there are alterations to
make workflows more
efficient, increased
communication with the
public to convey
importance of restoration
work
Impact of
Number of social trails and
Number of social
Additional signage, trail
recreation
width of single-track trails
trails and width of
work events, and social
single-track trails
trails are blocked/restored
does not increase
post-restoration
Value 7: Landowners, agencies, communities, and other stakeholders support cross-boundary projects to
increase the pace and scale of forest restoration in the watershed. Communities support the desired
conditions described above.
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Indicator
Defensible
space

Metrics
Wildfire Research Center
Rapid Risk Assessment

Crossboundary
project
planning
(public land)
Crossboundary
project
planning
(private land)

Distance to nearest adjacent
forest restoration project

Collaboration

Number of collaborators during
project planning

Number of landowners in
project area

Example of ProjectScale DFC
Homes within and
directly adjacent to
project area have
taken actions to
reduce risk
Project connects by
<1 mile to project
being implemented
or planned by a
different entity
Project benefits at
least 7 individual
landowners

Partnership members
are consulted during
development; 10
meetings with
external
collaborators

Action
Provide educational
resources to help
homeowners take action
Additional planning
attempts to decrease gap
between existing projects
Increase landowner
outreach; leveraging the
Partnership’s
Neighborhood Captains
and Communications
Committee
Increase outreach to
collaborators

Collaborative Workshops
There will be an annual and/or semi-annual St. Vrain Forest Health Partnership collaborative
workshop that will bring partners together to learn from each other, and discuss adjustments to the
adaptive management process and implementation actions as needed based on what was learned
with multiple opportunities for co-learning and data sharing. This shared framework will be used and
updated iteratively to facilitate and advance discussions with stakeholders and agencies. Monitoring
data and restoration efforts will be shared across partners for increased knowledge-sharing, and
complementary restoration plans will be developed across the landscape using assessments of
wildfire risk and accessibility to prioritize project areas. For example, we will:
• Work to collaboratively define potential climate adaptation strategies for areas across the St.
Vrain Watershed.
• Identify resource gaps, such as seed availability for post-fire restoration.
• Bring partners together to share data from current or past forest restoration projects.
• Share planning efforts to ensure that restoration projects are complementary to one another.
• Hold on-the-ground project tours and workshops
Operations planning meeting may occur on a more frequent basis to closely coordinate cross-boundary
collaboration, project identification, and prioritization process in reference to implementation project
grant cycles.

Reporting and Communication
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The Watershed Center, as the coordinating entity of the St. Vrain Forest Health Partnership, publishes
an annual State of the Watershed Report, which will include annual updates about forest restoration.
Reporting and communication of monitoring data and treatment plans will be ongoing, and information
gained from collaborative workshops will be shared out to both stakeholder and community audiences.
Reports will be shared on our website, Story Map, and in newsletters.

Learn and Adjust
Adjusting and iterating at all steps based on what is learned is inherent to adaptive management,
ensuring flexibility and accountability for managing dynamic and complex systems. As part of this
Partnership, we will collaborate on management planning (where and how a resource is managed) and
use data to understand when and where projects and general approaches may require adjustments to
achieve DFCs. On a project scale, this may mean multiple entries and additional work to improve
projects. At the Partnership scale, this includes making changes to this shared framework. Public input
is welcomed at all stages of the Adaptive Management process. The St. Vrain Forest Health Partnership
is here to connect stakeholders, practitioners, and the public with people and resources and to answer
questions and to support forest restoration efforts.
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Conceptual Models
We developed conceptual models to aid in communicating about desired future conditions with the
public (illustrations were developed by LVBrown Studios). These models provide examples of current
conditions, post- restoration desired future conditions, and potential impacts of fire to un-restored
“current condition” forests. Further, through a landscape-level conceptual model, we show landscapescale treatments and connections to water resources and communities.
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Current Conditions
This model depicts a lower montane forest that has experience fire exclusion for 150+ years, leading to
a high proportion of understory trees (ladder fuels), fuel loading, and a high-severity canopy fire in the
background. We are currently working to develop a conceptual model for upper montane areas of the
WUI.
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Post-Restoration Desired Future Conditions
This model depicts restoration in the lower montane to achieve a historical canopy cover, diverse habitat
that supports abundant wildlife, a river with clean water, and the use of prescribed fire on the landscape
to maintain natural disturbance patterns.
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Post-Fire No Action
This model demonstrates potential impacts of fire in an area where restoration did not occur. There is
limited tree regeneration, excessive sediment transport into the river, and increased abundance of nonnative invasive plants.
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Landscape-Scale Post-Restoration Desired Future Conditions
This landscape-scale model calls out the community values that were identified collaboratively, and
depicts landscape-scale treatments, diverse and abundant wildlife habitat, clean water for drinking and
agriculture, and mitigation of risk surrounding homes and communities.
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