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The Purpose of this Forest Management Plan
Residents of the town of Jamestown have reached out to the Left Hand Watershed Center
and the Boulder Valley & Longmont Conservation Districts for technical assistance in
planning forest restoration activities in the town. This Forest Management Plan (FMP)
identifies goals for their forest resources and for forest conservation practices on each of
their properties, discusses current conditions, desired future conditions, and offers
management recommendations for achieving stated goals. This FMP is intended to guide
management activities that will occur on operable ground and will result in a forest
conditions very different than pre-treatment conditions. As conditions continue to change,
this document can be amended and updated to reflect changing goals and objectives of
the landowners as well as treatment strategies and wood markets. Unexpected
disturbance events such as wildfire, blowdown, and insect outbreaks could also cause
this plan to be revisited.
While the forest ecosystem is inclusive of and influenced by the interaction of all living
organisms with each other and with their nonliving environment (i.e. topography and
climate), the primary focus of this FMP is on the density, arrangement, and species of
trees that can be altered to achieve desired outcomes. Other parts of the ecosystem such
as soils, wildlife, native vegetation, and exotic weeds are briefly addressed in this plan,
but should be more fully examined if necessary. Additional resource planning documents
such as surveys, weed management plans, maps, and specifics on operationalizing
treatment strategies could be added to this FMP. It is recommended that the town seek
assistance from a natural resource professional for future planning or implementation to
address resource concerns beyond the scope of this Management Plan.

Goals and Objectives
Goals are overarching ideas or principles that guide decision making. Objectives are
specific, measurable steps that can be taken to achieve stated goals and assess
outcomes. Here we detail the goals and objectives for this project:
● Goal: Reduce crown fire hazard and increase post-fire resiliency
○ Objective: Reduce density of overstory and understory trees such that
active crown fire potential is reduced in up to or beyond modeled 90th
percentile weather conditions
● Goal: Recreate historical forest stand conditions consistent with local
ecology on all operable acres
○ Objective 1: Increase the complexity of forest structure by creating
variable sized (up to two acres) and shaped treeless openings
○ Objective 2: Retain a diversity of species and age-classes consistent with
the historical range of variability for lower montane forests and in an
arrangement that reflects the biophysical site conditions
○ Objective 3: Reduce basal area to an average of 30 square feet per acre
across the project area.
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● Goal: Protect water resources in Jamestown and downstream of the
project area
○ Objective 1: Reduce harmful amounts of sedimentation in James Creek
during treatment
○ Objective 2: Decrease the likelihood of high-severity wildfire, which can
cause hydrophobic soils and excessive sediment inputs

Preface: A New Approach to Forestry
Forestry in the Americas has deep roots in Silviculture, the set of practices that were
developed for maximizing the yield of timber, with little regard to how ecosystems
functioned beyond that singular goal. After centuries of mismanagement, we are today
living with a different forest and a different ‘baseline’ as to what a forest should look like.
This is especially true in Colorado, where our forests have greatly diverged from what is
known as the ‘historical range of variability’ (HRV). Because of this departure from natural
conditions, our forests are now more susceptible to natural disasters. Fire, droughts, and
pests are all natural forces that our forests have always dealt with. Inside of that range of
historical variability, the structure and composition of the forests could manage and
coevolve with fires, pests, and change. Now that centuries of mismanagement have
altered the forest (along with most of the world's ecosystems), we are left with one
question: what do we do about it?
Rather than viewing the forest as a source of timber, the new focus in forest management
has been to put the forests back into ecologically functional ecosystems. These
ecosystems instead provide invaluable resources such as clean air, clean water, and
erosion control (to name just a few).
Managing a forest is a complex process. Because a forest is a dynamic ecosystem that
operates on timescales of decades and centuries, management activities need to be
carefully considered and applied appropriately. Since humans are so tied to forests,
whether we live in the woods, harvest timber, recreate, or live downstream and rely on
water for drinking or agricultural irrigation, our forested landscapes are a natural resource
that need to be managed responsibly and effectively. How that is defined is somewhat of
a gray area and is largely dependent on local ecology as well as the goals of the
landowners and the forest managers.
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Historical and Ecological Context
The Scale of Forest Time
Trees generally have lifetimes measured in decades at the low end, with some species
living for thousands of years on the high end. Forests, the ecosystems that result from
the accumulation of millions to billions of individual trees, also have components that
operate on the scale of decades (fire, pest outbreaks, droughts) to centuries (succession
from one forest type to another) to millions of years (evolution of the forest ecosystem
itself). These timescales are difficult for us to wrap our heads around, with our own
lifetimes only decades long. To put this into perspective, in traditional silviculture a
forester may plant trees that he will never harvest, while a conservation forester may
create an opening that persists and evolves for generations.
In the Colorado Front Range, our forests are only about 16,000 years old 1, when the Last
Glacial Maximum began to subside. Prior to the pine and fir, the Front Range was covered
by more cold-adapted species such as Paper Birch. As the climate warmed and the
glaciers retreated, species such as spruce, pine, and fir moved in. The ecosystem
changed into what we now think of today as ‘typical’ of Colorado. As the climate continues
to warm, the ecosystem we currently have will continue to change along with it. Planning
for the deep future is a core goal of conservation forestry, and so this plan includes
recommendations for climate adaptation. In order to properly manage a forest, it is
important to understand the historical range of variability, including both human and nonhuman ecological factors.

A Brief Deep History of Colorado
Colorado has been inhabited by humans for at least 12,000 years, the first of whom are
known today as Paleo-Indians or members of the Clovis complex. Archeological sites
attributed to the Clovis and Folsom complexes have been found along the Front Range,
most notably the Lindenmeyer site on the Colorado/Wyoming border, containing artifacts
from 11,000 years ago right up to the modern age. Prior to Euro-American colonization
of the West during the 19th century, the Front Range was home to Shoshonean speaking
peoples who would become the Ute. They used fire to alter the landscape, as did most
Indigenous peoples across the globe, however the extent to which fire was used differed
across ecosystems and was highly variable.
There are a number of factors that have radically changed the structure and function of
western forests over the last several centuries, but most fall under the umbrella of western
settlement by Euro-Americans. First, the waves of highly infectious diseases pulsing
through native populations from 1492 onward decimated the Indigenous population
ahead of the European settlers. These diseases reduced the population of Indigenous
peoples by 80 to 95 percent in some cases. Although the people living here had actively
managed the landscape for thousands of years, with the crash in population the entire
1

Leonard et al. 2017
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continent essentially went ‘fallow’. The delay in this apocalypse and the introduction of
European plant and animal species and cultural practices began to alter the landscape
where Europeans settled. This alteration set the forests on a trajectory outside of the
historical range of variability, and by the 1900’s would result in some of the worst fires in
American history.
Meanwhile, the settlers began to alter the forests and prairies of the Americas in their own
way. Initially, forests would be clear cut to make way for farmland and settlements. Not
long afterward, European forestry took root along the eastern seaboard of North America,
with its focus on silviculture (the practice of growing and harvesting trees) for maximizing
timber yields based on practices developed in medieval central Europe. High-grading was
a common practice, as the need for wood products to support the nation was a top priority
at the time.
With the discovery of gold in the West, an influx of human population from further east
placed new pressures on the ecosystems people were living in. Suddenly there was a
greater need to support a growing population so industries such as logging, farming, and
cattle grazing also grew. Over-grazing of grasses by cattle on many acres of land reduced
the abundance of native flora that would normally out-compete understory tree seedlings.
To ‘over-graze’ a meadow means that damage was done to the plant community, and
ecological function has been compromised. Long periods of over-grazing facilitated the
germination of conifers due to an increase in exposed mineral soil and the removal of the
grassy-medium that carried low-severity wildfire. Without competition from grasses and
forbs, young trees were able to establish and grow into mature trees, adding to the overall
accumulation of plant biomass in western forests. Meanwhile, the timber industry was
removing merchantable large diameter trees for lumber in order to support infrastructure
needs. Without these trees present in the forest, an increase of sunlight availability in
conjunction with less competitive pressure allowed for the remaining smaller trees to
persist and reproduce. On principle of biological growth and disturbance cycles, a western
forest without fire must be actively managed if ecosystem services were to be retained,
however, a subsequent lack of forest management allowed for the changes in species
composition as well as forest structure in general that we see today in our departed forest
systems.
Perhaps the most important human influence on western ecosystems in the last century
is wildfire suppression. The native peoples had the wisdom to see how fire interacts with
vegetation naturally, and they intervened in this process to create conditions that were to
their benefit. This could include burning a patch of land to induce an herbaceous response
to improve forage and hunting, or simply burning the grasses around camp to reduce
prevalence of ticks and pests. The wisdom shown among these cultures was that they
knew how forests functioned and were able to work within natural processes rather than
to manage forests in a way that contradicts these natural processes.
The cessation of these cultural burns, and the subsequent Euro-American efforts of
extinguishing all fires, allowed the fuel load in much of the west to increase to a perilous
amount. With more and more people now living in rural areas, wildfires have become an
increased risk to property, life, and ecosystems altogether. Beginning in 1908 the US
Forest Service began a campaign of aggressively suppressing wildfire in an attempt to
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preserve human interests. This was a short term solution intended to prevent large fires
like the “Big Burn” of 1910 that burned 3 million acres of the Northern Rocky Mountains.
(The Big Burn reached this exceptional size due to large tracts of logging slash being
adjacent to spark-producing railroads, resulting in very many small fires burning into an
enormous complex when weather conditions took a turn for the worse). The practice of
fire suppression has allowed for a century’s worth of accumulated fuel. This includes pine
duff, which acidifies soil conditions and prevents grass from sprouting; grass thatches
that would otherwise be thinned by fire or grazing animals; and tree saplings which in the
absence of fire create ‘doghair’ conditions. Additionally, forest gaps have filled in with
trees, creating crowded closed canopies that favor tree species such as Douglas-fir which
is adapted to a different fire regime than ponderosa pine. These tree densities are far
outside historical ranges, by nearly four times in some cases2.
This historical context is where we find ourselves now, with overdense stands and closed
canopies as the baseline for what most people consider a ‘natural’ forest ought to look
like. However, the ecology of the forest prior to the massive upheaval of the last several
centuries was quite different from what we see today.

The Lower Montane Ecosystem
In the generally arid western U.S., elevation and topography heavily influence climate,
which in turn affects the composition of plant communities. These communities are
often described using generalized vegetation types, which change along elevational
and latitudinal (i.e. climatic) gradients. On a site by site basis, significant variability
may be found due to differences in slope, aspect (which direction the slope faces)
and soil type, but across the landscape, these generalizations are useful descriptors.
The elevation range of the montane ecosystem is generally between 6,000 and 9,000
feet in Colorado’s forests, although this ecosystem is better defined by the tree species
present and how forest dynamics occur when compared to other vegetation types (figure
1). This ecosystem is very common throughout Colorado and its structure and
composition is heavily influenced by wildfire behavior and vice versa.
The montane ecosystem is adapted to generally frequent, low-severity wildfire while in
contrast, the higher subalpine ecosystem is adapted to infrequent, high severity wildfire.
Understanding this interaction between forest structure/composition and wildfire is critical
when placing this forest management plan into context. Based on the forest type of this
site, the document that best guides the appropriate management approach is the GTR373: Principles and practices for the restoration of ponderosa pine and dry mixed-conifer
forests of the Colorado Front Range 3.
In an ecologically functional lower montane ecosystem, forests are resilient to natural
disturbances; most notably, frequent low-severity wildfires ignited by lightning (on
average and approximately 5-35 years between fire events). This is mainly attributed to
2
3

Battaglia et al. 2015
Addington et al. 2018
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the species composition as well as the forest structure in this forest type. The dominant
tree species of the lower montane ecosystem, ponderosa pine (Pinus ponderosa), has
morphological and physiological characteristics that are adapted to low-severity fire (fire
burning primarily on the forest floor).

Ponderosa pine trees have thicker layers of bark compared to other tree species,
minimizing damage to the cambium of the tree stem during a fire event. Additionally,
ponderosa trees are self-pruning, meaning they drop their lower branches as they age.
The lack of low-hanging branches makes it less likely for surface fire to reach the upper
canopy. Fire history is evident throughout the Jamestown project area. A fire-scarred tree
occurs when wildfire damages the outer bark layers, typically on the uphill-side of the tree
where heat is slightly more intense due to the topography or accumulated fuels, resulting
in bark in this area sloughing off. Physiologically, an example of site-adaptation in
ponderosa pine is that this species grows slowly, therefore accumulating only a slight
amount of biomass fuel between fire events. In an ecologically departed forest, ponderosa
pine can easily be outcompeted by shade-tolerant and faster growing species such as
Douglas-fir when fire is excluded from the landscape. These shade-tolerant species then
grow and close in the canopy even further, creating a positive feedback loop that favors
shade-tolerant species resulting in an overdense, fire prone forest.
Another physiological adaptation of ponderosa pine is that seedling establishment is
highly correlated with the ENSO (El Niño / La Niña Southern Oscillation) cycle, particularly
with years with higher than average moisture 4. This short-period climate cycle originates
with temperature regimes in the central tropical Pacific Ocean, with downstream effects
on global weather patterns such as temperature and precipitation, especially in the
Americas and Southeast Asia. This results in ‘pulses’ of ponderosa pine germination
occurring on average about every seven years, with little tree recruitment in non-ENSO
years. Again, this is adaptive to a low-moisture environment by restricting fuel continuity,
limiting the mobility of fire when it occurs.
As for structure, the lower montane ecosystem has a particular arrangement of trees that
heavily influences wildfire behavior. Historically, lower montane forests had clumps of
ponderosa pine trees separated by grassy interspaces (figure 3). The spacing between
groups, as well as group size is variable depending on microclimates, fire buffers such as
rock outcroppings, as well as disturbance and growth history of the site. When wildfire
occurs in this forest type, it burns the herbaceous layer and typically does not climb into
the canopy. However, if fire does reach the canopy, it will burn individual or small groups
of trees rather than growing to a high-mortality event because wildfire is less able to move
from group to group due to the open condition of the forest.
The practice of fire suppression over the last century has largely removed low-severity
wildfire from the lower montane ecosystem, facilitating an accumulation of woody plant
biomass and thus a departure from ecologically functional forest structure and

4

League and Veblen 2006
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composition (figure 6). This is what we are seeing today at Jamestown, and will be
explored further on.

Figure 1: Forest types along the Colorado Northern Front Range. Here we have color coded the
sections corresponding to figure 2. As elevation changes, so do tree species and tree abundance
in response to the associated changes in climate/moisture. Original figure from Huckaby and et
al. 2003.
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Figure 2: Jamestown and its surroundings in 1000 foot elevation gradients as in figure XXX. Major
roads are shown in gray. Based on elevation alone, Jamestown sits within the montane
ecosystem of the front range (green). This ecosystem consists of a mix of Ponderosa pine and
Douglas fir known and is thus known as a “mixed conifer” forest.
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Location and History of Jamestown
Jamestown is located at the confluence of Little James Creek and James Creek along
James Canyon Drive. It was established in 1863 and incorporated in 1883. The first boom
came with the discovery of galena in 1864, followed by gold in 1875. Jamestown sits at
the confluence of James Creek and Little James Creek (figure 4), and has experienced
six major floods since its founding. The most significant and most recent of these floods
was the September 2013 flood, the scars of which are still visible on the landscape.

Figure 3: Jamestown c. 1883. Note the stark contrast in tree cover compared with today. From
https://westernmininghistory.com/towns/colorado/jamestown/
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Figure 4: The Little James Creek Watershed (outlined in pink) with Jamestown situated at the
confluence of the two main water bodies, James Creek and Little James Creek.

14

Local Climate
Climate in Colorado is strongly dependent on elevation and topography. Jamestown
straddles the 7,000 foot mark in elevation, and the canyon it is within acts as a natural
shelter to retain the moisture given off by James Creek. As shown in figure 5 below, the
winter months are cold and snowy, with warm and somewhat dry summers.

Figure 5: Climate chart of Jamestown, Colorado.

Water Features
The project sits within the Little James Creek Watershed (figure 4 above, pink outline).
The upper reaches of this watershed are to the north of Ward, and Jamestown sits at the
confluence of the Little James Creek and James Creek. There are several ephemeral
streams (i.e. flowing only part of the year or during and after rain) in the surrounding
hillsides of Jamestown as well that periodically flow into James Creek (figure 6). These
ephemeral streams pose the highest risk for erosion and sediment loss in the project
area. Sedimentation of the Little James Creek is of major concern of this project, and this
plan will discuss specific methods to reduce erosion of the slope and subsequent
sedimentation in more detail in the implementation section.
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Figure 6: Water features relevant to the proposed management project within this plan. The
project will cover areas which James Creek flows through, as well as the confluence of James
Creek and Little James Creek.
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Site Topography
The project area sits mainly on the northern-facing slopes to the south of town, extending down
to the creek. These slopes are steep (exceeding 100%, or 45° in some areas, see figure 8), so
caution must be taken not to cause excessive erosion. Hand crews should also be cautious as
these slopes are difficult to traverse.

Figure 7: Topography of Jamestown and immediate surroundings.
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Figure 8: Slopes in and around the project area. Some locations are prohibitively steep and will
need special care when removing trees.
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Soils

Figure 9: Soils complexes and their potential for slippage. Care must be taken to reduce erosion
in the medium slippage areas.

With all treatment methods, regardless of slope or soil type, it is recommended that
best management practices (BMPs) be followed. Forestry BMPs are guidelines
designed to mitigate resource degradation, primarily soil and water quality, during
forest management. The Colorado State Forest Service provides BMPs in a
document entitled “Forestry Best Management Practices to Protect Water Quality in
Colorado.” The entire document should be consulted prior to implementing forest
management operations, but in particular, a few important BMPs should be
highlighted for mechanical logging operations:
19

● Minimize use of skid trails on slopes over 30%.
● Avoid cross-slope skidding.
● Install water diversion structures (eg slash and/or waterbars) on skid
trails prior to extended time periods without use, or after the project is
completed
● Do not operate when ground is saturated (from precipitation or
snowmelt); operate when the ground is dry or frozen to minimize
soil compaction.

Wildfire Risk
The need for forest management at scale has prompted the creation of a statewide
action plan developed by the Colorado State Forest Service (CSFS) 5. This statewide
framework includes the creation of an online tool for visualizing wildfire risks, forest
conditions, and other geospatial data involved in the statewide Colorado Forest Action
Plan (COFAP), which are useful for seeing how a given project fits into the larger
picture. The following maps are from the Forest Action Plan online viewer, which can be
accessed at: https://coloradoforestatlas.org. As the Action Plan was modeled at a large
statewide scale, it is more informative of regional or local planning, not for site-specific
analysis. As discussed further below, computer models are informative but can only
give an incomplete picture.
A more detailed description of the methods used to create the following maps is detailed
in the CSFS documentation 6. More brief descriptions of the maps will be provided here.

5
6

CSFS Forest Action Plan 2020
Colorado Wildfire Risk Assessment Final Report 2018
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Burn Probability

Figure 10: Annual probability of a given location burning due to wildfire, calculated using computer
models. Jamestown (center, pink polygon) is within the Moderate-High category, with nearby High
probability areas to the East.
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Values at Risk

Figure 11: The Values at Risk Rating is an overall rating that combines the risk ratings for Wildland
Urban Interface (WUI), Forest Assets, Riparian Assets, and Drinking Water Importance Areas into
a single measure of values-at-risk. Different weights are given to each component, with the
highest weight given to the WUI. As evident by the reds and oranges in and around Jamestown,
this signifies an area of high risk to the WUI (seen on figure 14 below) and other values, making
Jamestown and the surrounding area a high-value target for forest restoration and mitigation.
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Wildfire Risk

Figure 12: This is an overall composite risk occurring from a wildfire derived by combining Burn
Probability and Values at Risk Rating (figures 10 and 11 above). It identifies areas with the
greatest potential to impact from a wildfire and highest probability of a wildfire occurring.
Jamestown is within the High Risk area, with parts of the town in the Highest Risk category.
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Fire Intensity Scale

Figure 13: This map identifies areas where significant fuel hazards exist. Much like the Richter
scale for earthquakes, the Fire Intensity scale provides a standard scale to measure potential
wildfire intensity by orders of magnitude (i.e. a tenfold increase from one scale level to the next).
It does not take into account historical fire occurrence information, however. The levels for each
scale are:
Class 1, Lowest Intensity: Very small, discontinuous flames, usually less than 1 foot in length;
very low rate of spread; no spotting. Fires are typically easy to suppress by firefighters with basic
training and non-specialized equipment.
Class 2, Low-Moderate: Small flames, usually less than two feet long; small amount of very
short-range spotting possible. Fires are easy to suppress by trained firefighters with protective
equipment and specialized tools.
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Class 3, Moderate: Flames up to 8 feet in length; short-range spotting is possible. Trained
firefighters will find these fires difficult to suppress without support from aircraft or engines, but
dozer and plows are generally effective. Increasing potential for harm or damage to life and
property.
Class 4, Moderate-High: Large Flames, up to 30 feet in length; short-range spotting common;
medium range spotting possible. Direct attack by trained firefighters, engines, and dozers is
generally ineffective, indirect attack may be effective. Significant potential for harm or damage to
life and property.
Class 5, Highest Intensity: Very large flames up to 150 feet in length; profuse short-range
spotting, frequent long-range spotting; strong fire-induced winds. Indirect attack marginally
effective at the head of the fire. Great potential for harm or damage to life and property.
Jamestown is within the 4-5 range, meaning wildfires have the potential to be very large. Again,
it should be noted that this is derived from computer models, and actual wildfire behavior may
differ due to topographic, climatic, or other factors.
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Wildland Urban Interface Risk

Figure 14: A measure of the potential impact on people and their homes from wildfire. It is
calculated by housing density (homes per acre) consistent with Federal Register National
standards. These data are combined with flame length data and custom models developed by
Colorado State Forest Service planning staff. Due mainly to the high housing density, Jamestown
has a high risk (i.e. “most negative impact” rating) to the WUI.
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Forest Action Plan Composite

Figure 16: This is a composite map with the HUC-level 12 watershed as the basic unit. It
represents priority areas where goals from the forest conditions, living with wildfire, and watershed
protection themes can be achieved on the same management footprint by a project or activity.
With the large scale in mind, this is much more of an informative map at the regional level.
However, we can see the watershed which Jamestown sits within is a higher priority (not the
highest priority according to the composite map, however).
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Jamestown Forest Inventory
Inventory Design Considerations
There are limitations to what data can or should be used for modeling ecological factors
associated with forests. Many of these limitations are related to the scope of collecting
the data itself. Although more data make for a more precise and accurate model, it can
be time consuming to collect or process. Certain data about the forest may be
unnecessary for a given model. It is therefore important to collect not only the right data,
but enough of it to create a reliable model. The inventory protocol used in this
management plan was developed by the Colorado Forest Restoration Institute (CFRI) in
conjunction with foresters with both the Colorado State Forest Service and local
Conservation Districts.
A special consideration for Jamestown is the presence of homes and infrastructure. While
much of Jamestown is within the Wildland-Urban Interface (WUI), there is a distinction
between home-ignition and forest-ignition modeling. We will use the modeling under
forest conditions as described below for the southern part of the project while using homeignition as the main driver for the northern part of the project (figure 17).
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Figure 17: Delineation between fire behavior modeled as a forest (yellow) vs. modeled as
structure fire (orange).

Field Inventory Protocol
One plot per 5 acres was randomly placed within the project area using GIS software. A
variable-radius sampling method was used, and a sampling tool with a ‘basal area factor’
(BAF) of 20 was used to collect an adequate sample size of trees within each plot. The
following overstory tree characteristics were recorded: Species, live/dead status,
diameter at breast height (DBH: diameter at 4.56 ft above ground on the uphill side), total
tree height, canopy base height (CBH), and other unique characteristics such as DMT
infection status.
Trees over five inches in DBH were considered overstory trees while trees under five
inches in DBH were considered understory. Understory trees were inventoried using
a 1/100th acre fixed-radius plots. Saplings (trees less than 5” DBH but taller than 4.5’)
had the same characteristics recorded as overstory trees. Seedlings (trees less than
4.5’ tall) were tallied and their species identified.
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Additional information gathered at each plot were slope, aspect, and elevation, which
are incorporated into the dataset and influence default settings in the Forest
Vegetation Simulator model. In addition, notable characteristics that inform operability
such as rock outcrops and fences were collected. At each plot, observations relevant
to selecting a fuel model were collected. Chosen fuel models are incorporated into
data analysis, and help guide management decisions.
Inventory data were analyzed using the program Forest Vegetation Simulator –
Suppose 2 (FVS) (US Forest Service, 2015). FVS is a growth-and-yield simulation
model; which, simply put, means that FVS uses the data collected in the forest
inventory, computes expected growth rates based on stand-specific characteristics,
and produces a model of what can be expected from the proposed management
activities. For this analysis, we entered field data to ascertain current conditions and
then applied different management activities to see how they would alter the
trajectory of the forest relative to the management goals of the property.
For the data presented here, diameter classes are divided into 2” increments: 4”
diameter class includes trees 3”- 4.9” DBH, 6” class includes trees 5” – 6.9” DBH,
8” class includes trees 7” – 8.9”, and so on. Basal area is a commonly used metric
in forestry that describes density. Basal area is quantified here using ‘square feet
per acre’, where ‘square feet’ refers to the cross-sectional area of trees on an acre,
measured 4.6 feet from the ground.
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Current Conditions
Table 1: Summary Conditions for Jamestown
Trees per Acre (Overstory)

344

Trees per Acre (Understory)

860

Basal Area (Overstory)

144.0 ft2 / acre

Basal Area (Understory)

21.7 ft2 / acre

Figure 18: Current Overstory Conditions.

Conditions - Structure and Composition
The current conditions are typical of a departed mixed-conifer ecosystem. There is an
overwhelming proportion of Douglas-fir, with morphologically old Ponderosa pine
dispersed throughout the project area. The 2”-6” range dominates the forest in terms of
abundance of trees; it is these smaller trees that are most at risk of propagating a fire.
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Conditions - Interpretation
The forest around Jamestown is indicative of an ecosystem departed from historical
conditions by fire suppression and high rates of shade-tolerant seedling establishment
over the last century or more. Although James Creek increases the available moisture
and thus increases the productivity of the surrounding area, the suppression of wildfire
has allowed the nascent Douglas-fir to dominate the forest in a way that is outside of the
historical range of variability. The forest has closed in any gaps that may have been
present and currently presents a dense subcanopy and understory. These dense layers
close to the ground present a fuel ladder for any potential ground fires to reach the
canopy. As there are no major gaps within the canopy, any fire that reaches the canopy
layer can spread to the rest of the forest. This closed canopy structure makes it extremely
difficult to fight fires and will likely result in high mortality when a fire comes.

Future desired and undesired conditions
This section paints a big-picture, long-term vision for forest conditions that reflects goals
for the property and guides management activities. These guiding statements are the
basis for developing current management prescriptions and monitoring that, in turn,
reflect how well management is meeting the resource objectives.
Implementing forest management activities is physically possible wherever there are
trees, but steep slopes (>40% slope) or rocky ground may make management infeasible.
However, lower-montane forests are variable in nature, and variability arising from limiting
topography is acceptable and, when viewed at scale, contributes to structural diversity
albeit novel in some occasions.

Undesired Conditions
Management activities resulting in homogeneity/uniformity are undesirable. Approaches
to fuels reduction where every other tree is removed, or where a focus is placed on “10foot spacing'' for example, is undesirable as this does not facilitate natural regeneration
of shade-intolerant species, effectively stopping normal forest progression. Relatedly, a
lack of openings in the forest would limit the use by a wide-variety of wildlife that depend
on heterogeneity in forest structure for their needs (such as cover during the day and
open foraging during the morning/evening). A lack of diversity in age-class also limits
resilience to a variety of pests. In ecology, a general rule of thumb is that ‘uniformity limits
resilience’, so diversity that matches the biophysical site condition is desirable to maintain
ecological integrity.

Desired Conditions
The goal of the project is to achieve something close to what historical forest conditions
would have been, with fewer trees overall and a nonuniform distribution of tree groups
across the landscape. Historical data can guide ecological restoration by virtue of the
ecology once being adapted to the site, through which resilience is optimized. As shown
in Brown et al. (2015), historical forest conditions in the nearby Hall Ranch and Heil Valley
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Ranch were typified by few, large ponderosa pines. Data indicate that the mean basal
area for this area would have been about 25 sq ft / acre (with roughly half of the sites
between 5 to 43 sq ft / acre). The average trees per acre historically was 39 (with half of
the sites ranging from 11 to 55 trees per acre). Based on the geographic and ecological
nature of this ecotone zone, and informed by historical data, a basal area of < 35 sq ft /
acre is an ideal goal. This will be mainly in the form of larger trees, although as much as
a size diversity will be maintained as is possible within these bounds.
The concept of adaptation must be thought of as a continuous process. Ecology does not
happen in spurts, where the climate changes dramatically and the vegetation catches up
only to wait until the next change. Rather, the climate is always changing slightly and
vegetative processes are always adaptive. This is why variability is a key feature of
ecology; encompassing a range of variability is how life hedges against an uncertain
future. Anthropogenic climate change is an ecological ‘spurt’, and perhaps in the near
future (roughly 100 years) parts of the Jamestown area may be too dry for ponderosa
pine to continue to germinate. However, the trees that are established currently have the
potential to persist for centuries to come if the ecology is returned to a functional state.
What this will look like is groups of trees separated by grassy meadows, with large, lone
trees throughout the project. Approximately 60-70% of trees will be a part of a group, with
30-40% occurring as individuals. A group will consist of a single cohort, and generally
there will be fewer than 5 trees per group. Trees are considered to be part of a group if
they have interlocking crowns (or, if a squirrel can jump between trees). Each tree group
should be of a single age-class, but a variety of age-classes exist among groups. Old,
standing dead trees (snags) and downed wood greater than 12 inches in diameter are
desired at an abundance of several per acre as these are prime wildlife habitat (see
wildlife section below). Around structures, trees will be strategically left so as to provide
privacy to landowners and still provide aesthetic appeal, as well as wind buffering where
needed, while still achieving the goals of recreating the historical forest structure of groups
and clumps of trees separated by grassy interspaces. Numerous openings are larger than
a ‘tree’s length’ in width, allowing for regeneration of shade-intolerant ponderosa pine.
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Figure 19: Immediate post-treatment Future Conditions. This is the future condition that is attainable
considering the current condition of the forest (old trees can’t be increased right away, for example).
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Table 2: Future Conditions under Management
Trees per Acre (Overstory)

89

Trees per Acre (Understory)

40

Basal Area (Overstory)

68.8 ft2 / acre

Basal Area (Understory)

1.6 ft2 / acre

Prescription
This section lays out the prescription for removal of trees based on species and size class.
This prescription has been modeled to meet fire behavior goals (see Wildland Fire
Behavior below) and the modeled prescription is used throughout the remainder of this
management plan.
Silvicultural System: Uneven-aged, through group selection and variable retention
harvest.
Rather than a prescription that calls for removing all trees within an area (clear-cut), this
is an individual tree selection system in which groups of different age and size are retained
to optimize the different goals of fire mitigation, ecological function, aesthetic appearance,
and landowner concerns. The number of trees within each group will vary and will be
based on individual tree characteristics and local terrain. Trees were marked individually
by a professional forester.
Rocky Mountain juniper: Remove from below or near ponderosa pine, but retain in
openings where they will not act as fire ladders. Rocky Mountain juniper is a hot-burning
species, making them highly hazardous during even a ground-fire.
Douglas-fir: Remove where possible, unless specifically marked. Douglas-fir is a shade
tolerant and fast-growing species, and where it is left it can rapidly re-seed an area. Any
sprouts left unattended will create hazardous fire conditions within several years, and so
this species should be targeted for removal.
Snags: Retain existing snags that are 12” or greater at DBH for cavity nesting birds and
other wildlife, unless the snag is a hazard or has a potential to become a hazard tree.
Snags less than 12” at DBH should be removed where possible.
Understory Trees: Trees under 5” DBH should be removed except where ecologically
appropriate. Smaller trees pose a higher risk of torching to larger, more established trees,
as well as hinder movement of firefighting personnel and equipment. Small diameter trees
will be kept in low numbers across strategic locations to enhance age diversity across the
project.
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Figure 20: Harvest Metrics. These are the trees which will be removed.

In keeping with the goals of the present plan, overstory trees (trees greater than 5” DBH)
will be removed as shown in the above figure. Preference for removing smaller trees is
paramount as they are far more abundant. This is in line with the historical setting of the
lower montane forests and what high-frequency and low-severity fire regimes would favor.

Thinning vs. Restoration Cutting
Traditional silviculture usually uses what is known as a “shelterwood system” to retain
trees while still removing trees for timber harvest or wildfire mitigation. This type of
system results in what is more or less an evenly spaced forest, with few or insufficient
gaps to allow for meadows to establish. Although on paper this system decreases
wildfire risk by reducing the amount of fuel available, it does not hinder crown fires in a
meaningful way. Similarly, if all of the trees were left standing but limbed up, the
potential of a crown fire is still unchanged.

Benefits of this prescription
This prescription directly influences the structure and composition of the forest such that
it has several intertwined benefits: ecological restoration of low montane forest for the
purpose of reducing the risk of wildfire, providing firefighters with a strategic firebreak for
Jamestown, achieving an increase in aesthetic value, and improving the functional wildlife
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habitat of the project area.
This prescription will drastically reduce the chance of catastrophic wildland fires, both for
the landowners implementing the plan and for their neighbors. This is quantified further
in this document. This prescription will increase the structural and ecological
heterogeneity of the landscape, opening up niches for plant and animal species and
enhancing the ecological character of Jamestown.

Ecology
Perhaps the most important aspect of this prescription and the Jamestown project as a
whole is the restoration of local ecology. A functioning ecosystem is self-reinforcing, and
resilient to natural disturbances. For a lower montane ecosystem, this means a forest that
is resilient to frequent, low-severity wildfire. Fire comes through this ecosystem type,
generally stays on the ground, and “cleans out” understory trees and herbaceous plants.
Mature ponderosa pine trees will persist through low-severity wildfire due to
morphological adaptations such as thick bark, high limbs, etc. Additionally, the
arrangement of trees is characterized by groups of trees separated by grassy interspaces,
so should fire reach the canopy it will be localized to that individual group. Under current
conditions at Jamestown, it is likely that a wildfire would be a high-severity, stand
replacing event. High-severity fires have long lasting consequences from which the forest
can take decades or even centuries to recover 7.
However, while low-severity fire is normal in this ecosystem type, it is common for there
to be a mixed severity mosaic pattern on the landscape. Part of this prescription is
emulating the regulating effects of fire so some areas will have more groups of trees than
others to match the irregularity of how fire would behave.

Post-treatment Modeled Fire Behavior
Secondly, this prescription greatly reduces the chances of crown fire. Before treatment,
the torching index (an average value of wind speed needed for surface fire to fully ignite
a tree) is 39 mph up to severe fire-weather conditions, as well as a very low crowning
index (wind speed needed to push fire from tree to tree) of 15 mph. After treatment, these
metrics change to 24 mph and 31 mph respectively, as seen in table 3 in the wildland fire
behavior section of this FMP. These metrics (among others) show that post-treatment fire
behavior is limited to surface fire in up to 90th percentile fire weather conditions (which is
quantified largely by fuel moisture, which is dependent on climate in the weeks preceding
the fire event). Additionally, these new forest conditions make it easier for personnel to
fight wildfires to protect homes. Should a fire event occur within the project area, there
are more opportunities for firefighters to engage in suppression efforts due to large
openings in the canopy as well as an overall reduction in fire intensity.
Table 3: Current fire behavior and modeled behavior after treatment as described in the
Prescription section of this management plan. Assumes severe fire-weather conditions in the
7

Chambers et al. 2016
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model.

Jamestown Fire Behavior

Current Conditions

Post Treatment

Torching Index (mph)

39.31

24.67

Crowning Index (mph)

14.92

31.87

Surface Flame Length (ft)

2.48

6.65

Total Flame Length (ft)

47.37

6.65

Probability of Torching

90% Chance

69% Chance

Fire Type

Conditional Crown Fire

Surface Fire

Aesthetics and Special Trees
An important piece of this project is having a forest that is pleasing to look at after
implementation is completed. Since this project is within and around a community, the
tree marking will include landowner input. Trees can have personal significance,
especially to those who have lived in Jamestown for many years. The tree marking will
be done in such a way to protect these special trees. This can be accomplished by
removing ladder fuels such as Rocky Mountain Juniper underneath these trees, or
separating them from other tree canopies to prevent a crown fire from taking them.
There are plenty of large and beautiful Ponderosa Pine that will be more fire-protected
and visible after the understory is removed (figure 21).
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Figure 21: Example forest aesthetic post-implementation. The understory trees have been removed and a
park-like aesthetic remains with large Ponderosa Pines in groups with an herbaceous understory. Photo
taken in early April.

Climate Change Adaptation Strategies
There are many strategies of climate change adaptation, which fall into three broad
categories 8:
1) Resist - management focuses on maintaining current or historical ecosystem
structure and function
2) Adapt - management yields to ongoing transformations, accepting ecosystem
structure and function that emerge from the transformation
3) Direct - management accepts that change is inevitable and intervenes to steer
the transformation toward an ecosystem state with a particular structure and
function

8

Lynch, et. al 2021
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This project will take an approach that can be thought of as “directed resistance.” Given
the drying and warming trends experienced in the Front Range, it is expected that
conditions more similar to lower elevation landscapes will become more prevalent at
higher elevations. That is to say, today's mixed conifer forest may be tomorrow's lowmontane forest. Getting out ahead of this warming and drying trend will increase
resiliency of the forests in Jamestown and prevent an over-taxing of the water resources
of James Creek. In restoring forests to historic conditions, with the fire-adaptations that
come along with a historic forest assemblage, we can direct ecological change to a
state that we know was resilient to the climatic conditions we can expect under climate
change (i.e. hotter, drier, and more frequent fires).

Social Considerations
This project will take place within the town of Jamestown, and in most cases in people’s
backyards. Significant landowner input was made to ensure a consistent message was
put forward and the vision for this project was shared by all involved. Firewood will be
processed from the removed trees for the use of Jamestown residents, and slash will be
dealt with in such a way that it will not persist and become a hazard. Since much of this
project borders US Forest Service land, collaboration with the federal organization will be
paramount.

Implementation
Access and Infrastructure
Much of this project is on steep slopes which may influence the prescription based on
what can be reached in most cases. In some cases, trees that otherwise would be
removed will need to stay in place in order to prevent erosion from washing away a
hillside or ditch. Hand crews will be used (provided by the Lefthand Fire Department),
and the skills of the individual sawyers will greatly influence the success of this project.
A benefit to using hand crews rather than heavy machinery is greater operational reach
into tough spots and less damage to the soil.

Pre- and Post-Treatment Monitoring and Management
The implementation of forest management activities is an exercise in manipulation of the
structure and composition of the forest towards a more desirable condition. The process
of intervening in biological systems may have consequences that, although may not be
unforeseen, may be not the intention of the management action. Monitoring the condition
of the forest is an important and ongoing process when managing a forest for specific
objectives, and it is critically important in the first several years after a large-scale forest
restoration project occurs.
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The Watershed Center will conduct pre- and post-treatment monitoring of ecological
conditions in and adjacent to the project area. Including understory plant species
composition, photo points, soil moisture, and soil stability. Additionally, they will collect
water quality data in James Creek, including turbidity and Benthic Macroinvertebrate
species composition.

Native Plant Seeding
As the canopy is opened and more light and resources are available to the forest floor,
herbaceous plants will return. To further protect against noxious weed encroachment,
native plants such as short grasses and wildflowers can be reestablished either by
seeding or planting. Native plants are well suited to growing without much maintenance,
provide food to native insects and pollinators, and can successfully compete with nonnative plants. Seeding will not be included in the implementation process, and so native
seeds should be planted by individual landowners as they see fit to match their own
personal preferences. A list of suggested native grasses and wildflowers is included in
Appendix I. This list is not exhaustive, and landowners should consult resources
provided in Appendix I for a more complete list.

Noxious Weeds
Monitoring for the establishment of noxious weeds is critical in the first few years after a
disturbance, as the exposed soil presents an opportunity that noxious weeds often exploit.
Mitigating noxious weeds in the first several years is critical in establishing a healthy
herbaceous layer for years to come. There are multiple resources for private landowners
to seek assistance regarding noxious weed mitigation, including the Conservation
Districts, the Natural Resources Conservation Service, or programs within Boulder
County.
Noxious weeds are typically non-native plants that are not limited by native predators,
pathogens, or plant-based competition. Without natural checks, they can outcompete
native vegetation and become invasive, meaning they reproduce and spread prolifically
in their new environment. These plants often take hold in disturbed areas, where they
have an opportunity to become established.
During the inventory process, special care was taken to note noxious species present on
the Jamestown project. The findings are described in Table 4 below. This is not an
exhaustive list, and nearby noxious weeds may spread seeds from outside the project
area or from within the seedbank in the soil. Colorado designates noxious weeds as List
A, B, or C. List A plants are newly arrived and/or less common in Colorado and must be
eradicated from all lands in the State. List B includes plants whose continued spread in
Colorado should be halted. List C plants are those for which local governments have
authority to decide the management strategy.
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Table 4: Present noxious plant species and their classification.
Species Name

Common Name

Classification

Protocol

Euphorbia
myrsinites

Myrtle Spurge

List A

Eradicate all plants*

Bromus tectorum

Cheatgrass

List C

Containment
Suppression

and

Verbascum thapsus

Mullein

List C

Containment
Suppression

and

Alliaria petiolata

Garlic Mustard

Watch List

Containment
Suppression

and

Bromus inermis

Smooth Brome

Unlisted; Invasive

Containment
Suppression

and

*action required by Boulder County
We recommend following the management practices related to each of these species
as outlined in the Boulder County Noxious Weed Management Plan
(https://www.bouldercounty.org/open-space/management/weeds/) as well as from
the NRCS:
Myrtle Spurge is highly resistant to most herbicides, and special care must be taken
to remove the entire plant (including the deep taproot) early in the spring or summer
to ensure it will not go to seed. The seeds may lay dormant for up to 8 years, and
young plants can be difficult to locate. Therefore, vigilance must be exercised
especially after the project has been completed.
Garlic Mustard can be controlled with chemicals or with hand-pulling before flower
formation in the spring. The small black seeds can lay dormant for up to 7 years. This
species is biennial and highly invasive.

Glossary
Basal area: cross-sectional area of a single stem, including the bark, measured at breast
height (4½ ft.) Often used to quantify the density of trees on an acre in square feet.
Basal Area Factor (BAF): Forest inventory tools created for variable-radius plot sampling
can be gauged to a certain Basal Area Factor dependent on density of the stand being
inventoried and the number of trees required to be sampled to meet statistical accuracy.
A prism with a BAF of 20 will theoretically count 5 trees in a stand that has a density of
100 square feet of basal area per acre.
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Best Management Practice(s) (BMP): a practice or combination of practices that are
determined by a state to be the most effective and practicable means of controlling point
and nonpoint source pollutants at levels compatible with environmental quality goals.
COFAP: Colorado Forest Action Plan, the 2020 statewide plan for forest management as
compiled by the CSFS. This Action Plan serves as a guide for statewide forest
management for fire mitigation purposes.
Defensible space: an area around a structure where fuels and vegetation are treated,
cleared or reduced to slow the spread of wildfire towards the structure.
Diameter at breast height (dbh): the diameter of a stem of a tree at 4½ feet above the
ground.
Diversity: the variety and abundance of life forms, processes, functions, and structures
of plants, animals, and other living organisms, including the relative complexity of species,
communities, gene pools, and ecosystems.
Forest Stand Composition: the variety of woody plant species on site
Forest Stand Structure: the age, size, density, and spatial patterns of vegetation.
Fuel loading: the oven-dry weight of fuel per unit area.
Heterogeneity: references high diversity among stand structure and composition across
scales.
Homogeneity: references low diversity among stand structure and composition across
scales.
Ladder fuels: vegetative materials with vertical continuity that allows fire to burn from the
ground level up to the branches and crowns of trees (Dennis 1999).
Litter: the surface layer of a forest floor that is not in an advanced stage of decomposition,
usually consisting of freshly fallen leaves, needles, twigs, stems, bark, and fruits.
Morphologically Old Trees: As trees age, the way their bark and form appearance
changes. Thick, platey bark and large lower limbs are two morphological clues that a tree
is old.
Overstory: the larger, taller trees which occupy a forest area and shade young trees, and
brush which are growing beneath the larger trees.
Reserves: Designated areas within a management unit where no trees are harvested.
Seral: a seral community is an intermediate stage found in ecological succession in an
ecosystem advancing towards its climax community. In many cases more than one seral
stage evolves until climax conditions are attained.
Silviculture: the art and science of controlling the establishment, growth, composition,
health, and quality of forests and woodlands to meet the diverse needs and values of
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landowners and society on a sustainable basis.
Slash: the residue (e.g. treetops and branches) left on the ground after logging.
Snag: a standing, generally unmerchantable dead tree from which the leaves and most
of the branches have fallen.
Stand: a contiguous group of trees sufficiently uniform in age-class distribution,
composition, and structure, and growing on a site of sufficiently uniform quality, to be a
distinguishable unit.
Torch: When surface fire climbs into the canopy of a tree.
Uneven-aged: Silvicultural methods to regenerate and maintain a multi-aged forest
structure.
Variable-radius sampling: a type of forest sampling in which the sample is selected with
a probability proportional to tree size and the plot size is proportional to the size of the
tree being sampled.
Wildfire hazard: the ease of ignition and resistance to control of the fuel complex.

Organizations
BVLCD - Boulder Valley and Longmont Conservation Districts
CPW - Colorado Parks and Wildlife
CSFS - Colorado State Forest Service
CFRI - Colorado Forest Research Institute
LHWC - Left Hand Watershed Center
NRCS - Natural Resources Conservation Service
SVFHP - Saint Vrain Forest Health Partnership
SVLHWCD - Saint Vrain and Left Hand Water Conservancy District
USFS - United States Forest Service
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Appendix I: Suggested Native Grasses and
Wildflowers for Replanting
This list is an example of species that will do well under the specific topographic conditions
around Jamestown. These species were selected based on their growth, ease of planting, and
shade tolerance, as well as subjective qualities like appearance. As such, this is not an
exhaustive list, and landowners are encouraged to research what other native species may
work better for them. Additional resources may be found at:
https://conps.org/wp-content/uploads/2015/05/Suggested-Native-Plants_0408.pdf
https://extension.colostate.edu/docs/pubs/native/FrontRange.pdf
Common
Name

Scientific
Name

Color and
Height

Sun and
Moisture
Needs

Wildlife

Notes

Sulphur
Flower

Eriogonum
umbellatum

Yellow, 4” - 12”

Sun/part shade
Low water

Nectar and pollen
for bees and
butterflies

Perennial

Arnica

Arnica cordifolia

Lavender, 1’ - 2’

Sun/part shade
Moist to dry

Bee Balm

Monarda fistulosa

Pink, 1’ - 2’

Sun/part shade
Low - med water

Nectar for bees,
butterflies,
hummingbirds

Large flowers,
aromatic

Black-eyed
Susan

Rudbeckia hirta

Golden yellow
with brown, 1’ 2.5’

Part sun/ shade
Moist to dry

Attracts
butterflies

Biennial that readily
re-seeds

Oregon-grape
(shrub)

Mahonia repens

Yellow, 1’ - 1.5’

Part shade/
shade,
Moist to dry /
well drained

Produces blue
berries eaten by
birds and wildlife

Dense
groundcover, not to
be planted within 30
feet of flammable
structures

Blue grama

Chondrosum
gracile

.5’ - 1.5’

Sun/part shade
Dry

Colorado state
grass

Buffalograss

Buchloe
dactyloides

4” - 6”

Sun, moist to dry

Stoloniferous sodformer; stays green
with occasional
watering

Pussytoes

Antennaria
pervifolia and A.
rosea

Cream to rose
pink, 2” - 6”

Sun/ part shade;
Moist to dry /
well drained

Common
Yarrow

Achillea lanulosa

White, .5’ - 2’

Sun/part shade,
Moist or dry

Rhizomatous
clumps make nice
ground cover

Pollinators

Plants form large
mats of silver-gray
foliage
Watch for native
species, most
commercial
varieties are non-
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Appendix II: Prescription Field Guide
Marking:
Trees marked for removal with have either blue paint, blue tape, or green tape. Trees
which are to be kept will be unmarked, and trees of importance to the landowner will be
marked with pink flagging tape and should not be removed.
Marking: The chart below depicts the marking colors and types used to layout the project.
Description

Color

Type

Remove/Take Tree

Blue or Green

Flagging

Leave Tree

Pink (trumps
blue/aqua paint)

Flagging

Remove/Take Tree

Blue or Aqua

Paint

Leave Tree

No paint or tape

No paint or tape

Use best judgment:
The prescription has been conducted in a way to maximize ecological restoration;
however there are some instances where the crew chief may call for necessary edits to
the prescription where wildfire mitigation strategy takes precedence. In other instances,
the terrain may be unsuitable for safe felling or extraction. In these cases, use best onthe-ground judgment.
Size and Species:
●
●
●
●
●
●
●

Unless otherwise marked with pink flagging, all trees under 6” DBH will be removed.
Juniper - remove everywhere
Douglas fir - remove sapling, small, and medium diameter trees. Leave large, mature
trees unless otherwise marked
Ponderosa pine - remove sapling and smaller diameter trees as marked
Maple - remove where hazardous
Aspen - leave all aspen except where absolutely necessary
Ground Juniper - remove where hazardous to structures if possible
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