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Background

~16 billion acres in southern Rocky Mountains



Historical mixed-severity fire 
regime

Image: Dr. Peter Brown, Rocky Mountain Tree-Ring Research



2000~1896

Images: Dr. Mike Battaglia, USFS Rocky Mountain Research Station



2000

Images: Dr. Mike Battaglia, USFS Rocky Mountain Research Station

1899



Current situation

Image: Dr. Peter Brown, Rocky Mountain Tree-Ring Research



Year Size (acres) Name

1989 2,100 Black tiger fire

1996 11,900 (10 structures) Buffalo creek fire

2000 10,800 (51 structures) Hi meadow fire

2000 10,599 (18 structures) Bobcat gulch

2002 137,760 (600 structures and 5 deaths) Hayman fire

2010 6,388 (>174 structures) Four mile canyon fire

2012 7,685 Hewlett gulch

2012 87,284 (>250 structures and 1 death) High park fire

2012 18,247 (346 homes and 2 deaths) Waldo canyon fire

2013 14,280 (486 homes) Black forest fire



“Traditional” hazardous fuels 
mitigation

Image adapted from Dr. Peter Brown, Rocky Mountain Tree-Ring Research



“Groupy-clumpy” restoration

Image: Dr. Peter Brown, Rocky Mountain Tree-Ring Research





Collaborative Forest 
Landscape Restoration 

Program

5 – CFLRP Projects in southern 
Rocky Mountain ponderosa pine 
systems

Targeting landscapes totaling     
2.1 million hectares

Intended to increase fine- and 
landscape scale heterogeneity
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Fine-Scale Forest 
Structure

Openings

Regeneration Clumps

Mature Clumps

Mixed Clumps

Isolated Trees



• Restoration treatments seek to enhance the variability of 
these structures within a stand.

• Individuals, Clumps, and Openings (ICO) treatments.
• Clumpy (tree spacing)

• Variable residual density (structure)

• Openings (structure)

Fine-Scale Forest Structure

From Churchill et al., 2013



•Stand type diversity
• Controlled by abiotic environmental 

factors
Left = low diversity – Right = high diversity

•Stand scale variability
• Artifact of past management and 

disturbance patterns
Top = low variability – Bottom = high variability

The mixing of stand types and scales 
in a landscape must be considered 
when planning treatments, as they 
inform the range of possible future 
conditions.

Landscape-Scale 
Heterogeneity
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Developing the Guide

Reference Stands
• 4 – 10 acre ponderosa 

pine dominated sites 
were stem-mapped.

• Each was identified for 
restoration treatments.

• Represented a range of 
stand complexities.



Thinning Scenarios

Structure Moderate Clumping High Clumping
Single Trees 35% 10%
2-4 Tree Clump 30% 30%
5-9 Tree Clump 20% 35%
10-15 Tree Clump 10% 15%
> 15 Tree Clump 5% 10%

Traditional Approaches
• Thinning from below – where trees were removed starting with the smallest 

basal area tree until the target basal area was reached.

• Thinning throughout the diameter range – where trees were randomly 
selected from the tree list and removed until the residual basal area target was reached.

Spatially Explicit Approaches (ICO)
• Two ICO treatments were simulated at different target levels of 

clumping using Python.

• All scenarios were thinned to 40 ft2 of basal area pre acre



Characterizing Structure

• Stands were assessed for pre- and post-thinning forest 
structure and spatial arrangement, including:
• Traditional measures like DBH distribution, QMD, and mean height.

• Along with a measure of their variability throughout the stand.

• Spatial arrangement of tree clumping and opening sizes was also 
summarized.



• Each stand virtually rendered using SmokeView.
• Trees were located and scaled according to their inventoried 

parameters.

• Each tree was colored according to the clump size it belonged to.

Visualizing Structure
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The Guide’s Purpose
• Links quantitative descriptions & graphic visualizations of pre- and 

post-treatment forest structure.
• Two purposes:
• Identifying silvicultural targets related to spatial forest structure.
• Facilitating communication of desired spatial structures among managers, 

stakeholders, and contractors.

Pre-Treatment Post-Treatment

Trees per acre
204 

(58 - 537; 48%)

48 

(0 - 136; 67%)

BA per acre
131 ft2

(15 - 249; 53%)

44 ft2

(0 - 193; 76%)

QMD
11.4 in 

(5.2 - 20.1; 53%)

10.2 in 

(0.0 - 26.2; 76%)

Total Height
40 ft

(24 - 72; 24%)

44 ft

(24 - 85; 34%)

CBH
20 ft

(13 - 38; 25%)

21 ft

(3 - 40; 33%)

SDI 229 71

Crown Biomass 15.21 tons acre-1 4.80 tons acre-1

* stand level mean with min, max, and coefficient of variation in 

parentheses from 64 6.5th acre square plots (82 x 82 ft)

Post-Treatment

Pre-treatment



Pre-Treatment 
Stand

• 2 page description

• Stand’s position within the broader 
ecological context

• Distribution of tree and stand 
structure metrics

• Depiction of stand opening sizes

• Distribution of clump sizes

• Visualization of stand structure
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Example 
Treatment

• 2 page description for each 
treatment alternative

• Description of stand changes

• Changes in distribution of tree and 
stand structure metrics

• Changes in distribution of clump 
sizes

• Comparison of stand openings

• Comparison of stand visualizations



Example 
Treatment

• 2 page description for each 
treatment alternative

• Description of stand changes

• Changes in distribution of tree and 
stand structure metrics

• Changes in distribution of clump 
sizes

• Comparison of stand openings

• Comparison of stand visualizations



• 4 page synopsis

• Visual comparison of stand 
openings and clump size 
distributions

• Graphic comparison of opening 
sizes and description of treatment 
effects on stand arrangement

• Visual comparison of stand 
structural variability

• Summary of treatment effects on 
traditional and spatial forest 
structure metrics

Comparing 
Treatments
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Questions?


