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Introduction

A desired future condition (DFC) is a description of the land or resource conditions that are believed to be
necessary to fully meet project and/or landscape management goals and objectives (SAF 1998). Desired
future conditions serve as a foundational aspect for the St. Vrain Forest Health Partnership’s (SVFHP;
hereby referred to as the Partnership) Adaptive Management Process, as they describe the forest
conditions that the Partnership is aiming to achieve through this process and associated management
actions. The Partnership has identified five factors that inform the development of desired future
conditions: (1) current and historical conditions, (2) landscape-scale community values, (3) biophysical
zones and gradients, (4) climate change adaptation, and (5) collaboration across boundaries. The extent to
which each of these aspects is utilized will vary on a project-by-project basis, but they should each be
carefully considered when developing project-scale desired future conditions. This document provides
both general and Front Range-specific guidance for incorporating each of these five factors in developing
DFCs.

Purpose

This document presents guidelines to support project managers in developing project-scale desired future
conditions. It is designed to be used as part of the St. Vrain Forest Health Partnership’s Adaptive
Management process (see Figure 1 on page four) and details the ‘Desired Future Conditions’ step of the
Partnership’s Adaptive Management process. This document is not a one size fits all plan for every forest
treatment in the St. Vrain Watershed. Instead, it can guide and aid in decision making at the individual
project level. Further, rather than providing an exhaustive list of factors that every DFC should explicitly
consider, the following sections highlight key concepts and considerations that project managers are
encouraged to incorporate into DFC development at the project level. The intended audiences of this
document are project managers and practitioners who are working to plan and implement forest health
projects in the St. Vrain Watershed, but it is also informative for the general public.



Figure 1. St. Vrain Forest Health Partnership Adaptive Management Process.
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Executive Summary
Guidelines for Developing Desired
Future Conditions for Projects

This is a broad, guiding document for forests within the St. Vrain Watershed that presents key considerations and
concepts for developing desired future conditions (DFCs) for projects. DFCs are one aspect of the St. Vrain
Forest Health Partnership's (SVFHP) Adaptive Management process, and are just one step in the forest
management planning process. Therefore, this document is designed to be used in concert with other forthcoming
documents that detail all aspects of the SVFHP's Adaptive Management Process. Learn more at

watershed.center/restore-forests/
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Current and Historical Conditions

When developing DFCs, a necessary place to start is with describing and assessing the current conditions.
In addition, it is necessary to identify the dynamics that led to these conditions and the impacts that the
current conditions have had and are likely to have going forward. Forest conditions can be considered at
different temporal and spatial scales. For example, forest conditions can be assessed at both the project or
landscape level, and can be assessed over the period of a decade or over the life cycle of an entire cohort
of trees. Specifying scale is essential when describing and assessing forest conditions.

Inherent to understanding current conditions and the dynamics that caused them is understanding the
concept of the historical range of variability (HRV; Keane et al. 2009). This section relies heavily upon
research detailing various aspects of the HRV for forest ecosystems across the Front Range. However, it is
important that forest managers are informed by the HRV and not constrained by it, as many other factors
in addition to the range of historical conditions are essential parts of the DFC development process
(Addington et al. 2018). Furthermore, forest ecosystems are dynamic and variable, and this is especially
clear when they are considered at larger temporal and spatial scales. This reality presents a challenge to
managers when considering DFCs in combination with the large variability in possible historical conditions.

At the project scale, site-specific factors should always be assessed to gain a more in-depth understanding
of historical conditions in a particular stand and to what degree current conditions may be a departure
from historical conditions. Some of the factors that may be involved in this are: alignment between forest
structure/composition with topography and aspect, presence of understory vegetation, presence and
spatial pattern of old-growth trees, presence and spatial pattern of pre-settlement snags and stumps,
presence of fire-scarred trees and downed logs, and alighment between forest structure/composition and
the likely historical fire regime (which incorporates information from the prior factors; Addington et al.
2018). Recognizing remnant aspects of stand structure and biological legacies is an important component
of utilizing information regarding historical and current conditions for a specific site.

While current conditions will vary across the St. Vrain Watershed, this section describes some key points
from the Partnership’s synthesis of current conditions that are useful to consider 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 1986). 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.

e Prior to Euro-American settlement, historical fires below roughly 7,200’- 7,400" were
typically lower-severity and more frequent while historical fires above roughly 7,200’- 7,400’
were typically higher-severity but less frequent (Kaufmann et al. 2006). Thus, forests in the
upper montane are typically adapted to, and support high-severity wildfire.

e 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 increase 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 and because of climate change-driven unfavorable growing conditions post-fire.
Heterogeneity of stand structure across both landscape- and stand-scales has decreased due to
fire suppression and widespread logging.
Proportion of old-growth trees in stands has declined, mostly due to logging in the late 19*" and
early 20™ 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 many areas. This is
often due to natural forest succession occurring in the absence of frequent fire. Over much of this
landscape, stands that were dominated by Douglas fir prior to burning are recovering to Douglas
fir, and in some 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 19" 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 if/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 conditions but are also a natural
component of forest ecosystems. These outbreaks are regarded as climate-driven, and
research has yielded mixed or inconclusive results regarding the effectiveness of silvicultural
treatments in the reduction of bark beetles.
Species that depend on habitat that is maintained by historical fire patterns, including
high-severity wildfire, may be impacted by habitat loss. High trophic level species in
general, which have disproportionately important roles in maintaining food web stability
and community structure, are especially prone to negative effects of habitat loss and
fragmentation.
0 Some examples include: 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:
0 Tree cover has increased by almost 22% from 1986 (29% coverage) to 2020 (50%
coverage)
0 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 seven years (2013-2020).
0 Shrub cover has remained constant at ~10% coverage.
0 Annual forb and grass coverage has increased by 3%.



0 The drop in coverage of perennials and consistent increase in annuals has been
most notable over the last nine years (2011-2020). This could have important
implications for fire behavior, (e.g., cheatgrass often acts as an explosive fuel).
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Figure 2. Major vegetation zones in the Colorado Front Range, (Kaufmann et al. 2006).

Landscape-Scale Community Values

The Partnership developed landscape-scale community values (Table 1) at two community workshops. The
purpose of landscape-scale community values for project-scale DFCs is to help ensure that individual
projects are collectively contributing to a shared landscape-scale trajectory for forest management.

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 support of restoration actions, as well as ensuring
that projects consider and address ecosystem services and risks for communities.

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 to prevent excessive sediment transport into water
after a fire through management actions. Project managers may also need to consult local experts to refine
management actions, especially related to localized conditions such as wildlife habitat.



Table 1. Landscape-scale community values.

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, diverse forest structure is promoted including
a range of species, age classes, tree sizes, irregularly spaced tree
groups, and openings of various sizes. An open-canopy forest
structure helps to reduce the frequency and size of high-
severity fires on the landscape, and promotes resilience to pest
and disease outbreaks. Low-severity fire is re-introduced and
utilized to maintain desired structural condition and forest
ecosystem processes.

Negative consequences of
wildfires are mitigated near
communities.

Landscape-scale forest restoration reduces the risk of high
severity wildfire occurring in areas adapted to low-severity
wildfire and around highly valued resources and assets. Well-
designed and well-managed fuelbreaks 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
is mitigated so that the
watershed can continue to
provide high-quality water for
municipal and agricultural water
users.

Hillslope erosion is limited to natural processes and is not
excessive (e.g, 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.

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
maintained.

Trees remain as a significant component of the forested
landscape, but comprise a mosaic of diverse conditions
including forested patches, openings, age classes, and 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
activities.

Recreational access across the landscape is minimally disrupted
during implementation of restoration projects & wildfire
occurrence. Forest management supports the continued access
to forested landscapes as places for recreation.
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Value Description

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.

Community Values Checkilist

Project managers and practitioners can use the checklist of example considerations below to help ensure

that they are incorporating social and economic community values into project-scale DFCs. This checklist

can also be used to double-check project DFCs to ensure that community values are being incorporated in

planning:

[0 How close are recreation resources?

[0 What types of recreation is the site going to support?

[1  Are there ways to modify the prescription at the project site to minimize human disturbances such
as human-wildlife conflict, social trails, and damage to restored areas?

[J How close are highly valued resources (e.g., homes, electricity infrastructure, etc.) and how can
restoration mitigate risk to those resources?

0 The Partnerships recommends using site-specific fire behavior modeling under multiple
(realistic) weather scenarios to help understand risk to these resources.

[1  How might the project-scale DFCs improve ingress/egress access in the WUI?

[1 How close is water infrastructure? Can management prioritize locations or actions strategically to
minimize damage to downstream water resources and infrastructure if a fire were to occur at the
site in the future?

0 Consider whether a river restoration and engineering solution to enhance sediment
capture would be more effective both on its own and/or combined with forest
management.

[0 Are there opportunities to collaborate with other groups and neighboring landowners to
strategically select project sites so that individual projects contribute towards large, contiguous
areas of treated forests?

[J  How will the public be engaged through field trips and meetings to provide education
opportunities, build support, and receive feedback?

[J  How will public feedback be incorporated meaningfully?

[J  Will management promote an aesthetically pleasing forest (e.g., no lop and scatter close to homes
or roads/trails; favor chip and haul over burn piles close to homes or road)?

[1 How will management actions affect wildlife habitat?

0 E.g.If aprojectis designed to promote ecological function, wildlife habitat should be a key
consideration during project planning.

0 E.g. If fire 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?

11



Climate Change Adaptation

In Colorado, temperatures have increased by two degrees Fahrenheit over the past 30 years, snow is
melting one to four weeks earlier in spring, and fire seasons are projected to be longer and to burn a
greater area (Lukas et al. 2014). Due to changing climatic conditions that impact both the frequency and
severity of wildfires and other disturbances, it is critical to incorporate climate change into forest
management practices if we are to manage for forest conditions that are resilient into the future. Thus,
climate change adaptation is foundational to all project-scale DFCs.

Toward the goal of incorporating climate adaption at the project-scale, project managers are encouraged
to consider and pre-determine which climate adaptation approach or combination of approaches may
maximize climate adaptation benefits within project-specific circumstances. Project managers can consider
the following frameworks for climate adaptation strategies:

RAD Framework (as defined by Lynch et al. 2021):

e “Resist ecosystem transformations; management actions that focus on maintaining current or
historical ecosystem structure and function (services);

e Accept ecosystem transformations; managers yield to ongoing transformations (i.e., by not
intervening), accepting ecosystem structure and function that emerge from the transformation;
and

e 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.”

Framework from Millar et al. 2007, Swanston et al. 2016 (see Figure 3):
e “Resistance actions improve the defenses of an ecosystem against anticipated changes...;
e Resilience actions accommodate some degree of change, but encourage a return to near-prior
conditions after a disturbance...;
e Transition actions intentionally anticipate change to help ecosystem to adapt to change and new
conditions.”

Below roughly 7400’ in the lower montane zone, management actions can likely emphasize wildfire risk
reduction while maintaining the integrity of current forest ecosystems, albeit at altered structures and
compositions. Thus, project-scale DFCs below 7,400" will likely more often utilize a “resist” or “resilience”
climate adaptation strategy. In contrast, forests in the upper montane (i.e., roughly 7400’ to 9100’) are
typically adapted to, and support high-severity wildfire so treatments in these areas should focus on risk
reduction to communities and water resources as well as creating/maintaining potential control lines near
these assets.

Higher elevation forests above 9,100" will generally require a “direct” or “transition” 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 lower
elevation species (e.g., Ponderosa pine) moving towards higher elevations. For this reason, climate
adaptation in these forests will generally require a “direct” or “transition” 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. For example, assisted migration strategies are relevant for climate
adaptation that involves strategic tree planting. For post-fire planting and management recommendations,
see the Southern Rockies Reforestation Tool as one example of how to approach post-fire restoration.

Figure 3. Climate change adaptation strategies from Swanston et al. 2016. This is one way of thinking about
how management actions can align with the various goals associated with climate change adaptation. This
figure aligns with the Millar et al. 2007 framework.
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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. The description of biophysical gradients can support
managers in designing treatments (e.g., considering where to leave higher densities of trees due to
underlying moisture gradients), while the description of biophysical zones provides information on the
historical forest structure present across different topographies. Together, biophysical gradients and
zones inform how current conditions may be a departure from historical conditions. In addition, they
provide useful information on what desired future conditions are appropriate and feasible for a particular
site.

Biophysical Gradients

Management 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. Within sites, management 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 soil types. For example, moisture
increases with elevation, and ridges/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 3; 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 developing project-scale
DFCs:
e 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.

e Aspect — Due to higher solar radiation, south-facing slopes tend to have lower soil moisture than
north-facing slopes. Forests tend to be more open on south facing slopes and support the more
frequent low-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 lead to higher productivity that can support more tree cover.
However, forest structure patterns, including openings and closed canopy patches, can be highly
variable, including openings and closed canopy patches. Fire behavior is also more variable on

14



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.

e 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.

e Soils — Soil formation along the Front Range is generally rocky, shallow, coarse, and slightly acidic,
which leads to relatively lower productivity soils 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 O-horizon 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.

e 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 may
be slightly warmer and drier than areas further north.

Figure 4. Figure and caption from Addington et al. 2018. “Variation in forest structure reflecting
topographic influences and underlying moisture gradients. South-facing slopes are characterized by open,
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ponderosa pine woodlands with trees occurring both in groups and as scattered individuals. Forest density

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

Biophysical zones, which reflect historical forest structure present across different topographies, are
defined by the combination of elevation, topography (e.g., ravine, sheltered slope, openslope, ridgeline),
aspect, moisture gradient, and dominant vegetation type (Figure 4; Peet 1981;). Please reference Figure
4, which shows all biophysical zones on the Colorado Front Range (adapted from Peet 1981) and
Appendix A which provides a list of biophysical-zone scale information and potential associated historical
conditions. To see where these biophysical zones exist in the Partnership geography, see Figure 5. For a
searchable web map of biophysical zones go to: https://arcg.is/9yKnb.

Figure 5. Biophysical zones are defined by the combination of elevation, aspect, topography,
and dominant vegetation and are denoted with letter and number codes (e.g., A-1).
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Figure 6. 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.

Cross-Boundary Collaboration and Planning

Action plans for on-the-ground management should be developed in coordination and collaboration with
neighboring projects, where possible, so that treatment connectivity and efficacy is maximized. A
landscape-level strategic planning approach allows for more effective project location and treatment
selection. Toward this goal, project managers across the Partnership are encouraged to maintain open,
ongoing communication during project planning. For example, project managers can consider organizing
a field tour to potential project sites with the residents/entities that own adjacent land. Project planning
and implementation that involves multiple entities also has the potential benefit of increasing the pace,
efficiency, and quality of the work that is being discussed in this document. This collaboration will lead to
a mix of treatments that increase resiliency to fire and other disturbances at both the project and
landscape scale. The Partnership can serve as a vessel to bring together its diverse partners for cross-
boundary collaboration and planning efforts, such as developing consistent DFCs for multiple neighboring
projects that have been driven by scientist, land manager, and community member input.
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Conclusion

Utilizing the information and considerations presented in the five prior sections can aid project managers
in developing comprehensive, detailed, and meaningful desired-future conditions for forest management
projects of various types and scales throughout the St. Vrain Watershed. As was previously mentioned, this
document is not intended to be an exhaustive list of factors or a one size fits all approach to developing
DFCs. It simply is a tool for assisting project managers in ensuring that key factors for developing DFCs are
considered in a way that is thorough and aligns with other partners across the St. Vrain Forest Health
Partnership. Furthermore, it contributes to the operationalizing of the Partnership’s Adaptive Management
Process by detailing one aspect of the process. DFCs are always project-specific and informed by a
multitude of factors, many of which are not covered in great detail in this document (e.g. landowner goals,
terrain operability, etc.). However, by having a shared set of guidelines and key concepts to consider to
assist in the development of DFCs for forest management projects, the Partnership can work towards
continuously adapting and improving the quality and efficacy of forest management projects throughout
the St. Vrain Watershed.
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Appendix A: Biophysical zone-scale information and potential

associated historical/desired future conditions

BIOPHYSICAL ZONE

POTENTIAL DESIRED FUTURE CONDITION

Insolated shrubland/ponderosa
pine savannah on ridgetops at
5,000-7,000 ft elevation

Front Range Forest
Reconstruction Network
Reference Site: Rabbit Mountain

Total Canopy Cover: <10%
Total Shrub Cover: 50 - 70%
Total Herbaceous Cover: 40 - 90%
Relative Tree Composition:
e 85-100% ponderosa (1 -5 BA),

e 0-15% Rocky Mountain juniper
Tree Group Size: Most trees are isolated individuals with

occasional small groups of 2-4 trees.

A-1: Insolated ponderosa pine on
open slopes at 6,000-7,200 ft
elevation

Front Range Forest
Reconstruction Network
Reference Site: Hall Ranch, Heil
Ranch and Betasso Preserve

Total Canopy Cover: 10 - 20%
Total Shrub Cover: 25%
Total Herbaceous Cover: 50%
Relative Tree Composition:
e 90-100% ponderosa (5 — 15 BA)

e 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.

A-3: Insolated ponderosa pine on
ridgelines at 7,000-8,000 ft
elevation

Front Range Forest
Reconstruction Network
Reference Site: Estes Valley

Total Canopy Cover: 15 - 25%
Total Shrub Cover: 25%
Total Herbaceous Cover: 50%
Relative Tree Composition:
e 90-100% ponderosa (5—15 BA)

e 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.

A-5: Insolated ponderosa pine on
ridgelines at 8,000-8,500 ft
elevation

Front Range Forest
Reconstruction Network
Reference Site: Benedict Ranch

Total Tree Cover: 20 - 30%
Total Shrub Cover: 25%
Total Herbaceous Cover: 50%
Relative Tree Composition:
e 70-90% ponderosa ( 30 — 50 BA)
e 0-10% Douglas-fir
e 0-20% limber
e 0-10% Rocky Mountain juniper
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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%

A-2: Open ponderosa pine on
open slopes at 6,000-8,000 ft
elevation

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:

e 80-100% ponderosa ( 20 — 30 BA)

e 0-10% Rocky Mountain juniper

e 0-5%aspen

e 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.

A-4: Open ponderosa pine on
open slopes 8,000-9,000 ft
elevation

Front Range Forest
Reconstruction Network
Reference Site: Benedict Ranch

Total Tree Cover: 25 - 50%

Total Shrub Cover: 15 - 25%

Total Herbaceous Cover: 40 - 60%

Relative Tree Composition:

75-90% ponderosa ( 20 — 30 BA)

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.

B-1: Dry-mixed conifer on
sheltered slopes at 6,000-8,000 ft
elevation

Front Range Forest
Reconstruction Network
Reference Site: Hall Ranch, Heil
Ranch and Betasso Preserve

Total Tree Cover: 20 - 45%
Total Shrub Cover: 15 - 25%
Total Herbaceous Cover: 40 - 60%
Relative Tree Composition:

e 90% ponderosa ( 25 —35 BA)

e 2% Rocky Mountain juniper

e 4% aspen

e 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.

B-2: Dry-mixed conifer on open
slopes at 7,000-9,000 ft elevation

Total Tree Cover: 20 - 50%
Total Shrub Cover: 10 - 15%
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Front Range Forest
Reconstruction Network
Reference Site: Estes Valley and
Benedict Ranch

Total Herbaceous Cover: 40 - 70%
Relative Tree Composition:

e 70-90% ponderosa ( 25 —50 BA)

e 0-5% Rocky Mountain juniper

e 5-10% aspen

e 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.

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

Total Tree Cover: 25 - 40%
Total Shrub Cover: 10 - 25%
Total Herbaceous Cover: 40 - 70%
Relative Tree Composition:

e 0-50% ponderosa ( 25 — 40 BA)

e 0-20% limber

e 0-10% Rocky Mountain juniper

e (0-20% aspen

e 0-50% Douglas-fir

e 0-50% lodgepole pine
Tree Group Size: Even balance of Isolated individual trees,
small, medium, and large tree groups with 2-15 trees per
group. Continuous canopy with more than 16 trees are
rare.

C-1: Wet mixed conifer in ravines
at 7,500-8,500 ft elevation

Total Tree Cover: 50 - 75%

Total Shrub Cover: 10 - 15%

Total Herbaceous Cover: 35 - 70%

Relative Tree Composition:

10-50% blue spruce

10-50% Douglas-fir

10-50% 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.

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

Front Range Forest
Reconstruction Network

Total Tree Cover: 50 - 75%

Total Shrub Cover: 10 - 15%

Total Herbaceous Cover: 35 - 70%
Relative Tree Composition:

e 0-40% blue spruce
e 20-60% Douglas-fir
e 10-60% aspen
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Reference Site: Estes Valley and
Benedict Ranch

e 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.

C-3: Mesic mixed conifer on
sheltered slopes at 8,500-9,000 ft
elevation

Front Range Forest
Reconstruction Network
Reference Site: Benedict Ranch

Total Tree Cover: 50 - 70%
Total Shrub Cover: 10 - 15%
Total Herbaceous Cover: 35 - 70%
Relative Tree Composition:
e 0-20% blue spruce
e 10-50% Douglas-fir
e 20-80% aspen
e 0-20% lodgepole
e 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.

D-1: Lodgepole pine on open
slopes at 8,800-9,800 feet

Total Tree Cover: 40 - 70%
Total Shrub Cover: 0-20%
Total Herbaceous Cover: 0-20%
Relative Tree Composition:
e 20-100% Lodgepole
e 20-80% aspen
e 0-40 % Douglas-fir
e 0-20 % ponderosa
e 0-10% Engelmann spruce
e 0-10% subalpine fir

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.

D-2: Mesic lodgepole pine and
Douglas-fir on open slopes at
8,000-9,200 feet

Total Tree Cover: 40 - 70%
Total Shrub Cover: 0-20%
Total Herbaceous Cover: 0-20%
Relative Tree Composition:
e 20-100% Lodgepole
e 20-80% Douglas-fir
e 20-60% aspen
e 0-20 % ponderosa
e 0-20% Engelmann spruce
o  0-20% subalpine fir
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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.

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

Total Tree Cover: 30 - 45%
Total Shrub Cover: 10 - 20%
Total Herbaceous Cover: 30 - 70%
Relative Tree Composition:

e 20-80 % lodgepole

e 0-60% ponderosa ( 25 — 40 BA)

e 10-60% aspen

e 10-60% Douglas-fir

e 0-10% limber

o 0-5% Rocky Mountain juniper
Tree Group Size: Even balance of Isolated individual trees,
small, medium, and large tree groups with 2-15 trees per
group. Continuous canopy with more than 16 trees are
less common.
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Appendix B: Conceptual Models

The following conceptual models 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 landscape-
scale treatments and connections to water resources and communities. These conceptual models can be
found below:

Current Conditions

This model depicts a lower montane forest that has experience fire exclusion for 100+ 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
WUL.
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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 non-
native 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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