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Background

Colorado

~16 billion acres in southern Rocky Mountains

New Mexico

Mixed Conifer
- Forest and Woodland

|:| Ponderosa Pine
Woodland




Historical mixed-severity fire
regime

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




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



Current situation

Dr. Peter Brown, Rocky Mountain Tree-Ring Research

Image



1989
1996
2000
2000
2002

2010
2012
2012
2012
2013

2,100

11,900 (10 structures)

10,800 (51 structures)

10,599 (18 structures)

137,760 (600 structures and 5 deaths)

6,388 (>174 structures)
7,685

87,284 (>250 structures and 1 death)

18,247 (346 homes and 2 deaths)
14,280 (486 homes)

Black tiger fire
Buffalo creek fire
Hi meadow fire
Bobcat gulch

Hayman fire

Four mile canyon fire
Hewlett gulch

High park fire

Waldo canyon fire

Black forest fire
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“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

Colorado

5 — CFLRP Projects in southern
Rocky Mountain ponderosa pine
systems

Targeting landscapes totaling
New Mexico 2.1 million hectares

Intended to increase fine- and

o landscape scale heterogeneity
=

Forest and Woodland

|:| Ponderosa Pine
Woodland
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Fine-Scale Forest

Structure

ings

Open

Isolated Trees

M




Fine-Scale Forest Structure

* 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)

Standard Basal Area Spacing based DxD

0 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140 0O 20 40 60 80 100 120 140
meters From Churchill et al., 2013




Landscape-Scale
Heterogeneity

e 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
IO in a landscape must be considered
RN when planning treatments, as they

-------- inform the range of possible future
conditions.
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Developing the Guide

Moderate Density Multi-Storied

Reference Stands

* 4 —10 acre ponderosa SRR
pine dominated sites
were stem-mapped.

e Each was identified for
restoration treatments.

100 2 300 400 500 5 3
Moderate-High Density Multi-Storied High Density Multi-Storied

* Represented a range of
stand complexities.




Thinning Scenarios

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 ft? of basal area pre acre

Structure
Single Trees

2-4 Tree Clump
5-9 Tree Clump

Moderate Clumping | High Clumping

10-15 Tree Clump
> 15 Tree Clump



Characterizing Structure

e 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.

50

O Pre-treatment
o Post-Treatment

30 40

20

QD
bt
o
=L
—
D
o
@
QD
b
l—

0 10 20 30 40 50 60 70 80 90 100
Distance to Nearest Tree (ft)

Single Tree 2-4 Trees ® 5-9Trees

10 20 30 0 5 30 560 75 % ® 10-15 Trees ® > 15 Trees
Diameter Classes {_lnChES) Distance to Nearest Tree (ft)




Visualizing Structure

* 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.

® 10-15 Trees ® > 15 Trees
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The Guide’s Purpose

* Links quantitative descriptions & graphic visualizations of pre- and

post-treatment forest structure.
* TwWO purposes:

* Identifying silvicultural targets related to spatial forest structure.

* Facilitating communication of desired spatial structures among managers,
stakeholders, and contractors. [

Pre-Treatment Post-Treatment

204 48

(58 - 537;48%) (0 - 136; 67%)
131 ft2 44 ft2

(15 - 249; 53%) (0 - 193; 76%)

11.4in 1021
e (5.2-20.1:53%) (0.0 - 26.2; 76%)

Trees per acre

- W v _‘ HJ by
f ?1.‘,,:,’.ﬁﬁ 9

- q_F&.dr‘x ¥ x

BA per acre

Post-Treatment

Total Height Wi i

(24 - 72; 24%) (24 - 85; 34%)

20 ft 21 ft
I (13-38:25%) (3 - 40; 33%)

SDI 229 71
Crown Biomass 15.21 tons acre- 4 .80 tons acre-

* stand level mean with min, max, and coefficient of variation in
parentheses from 64 6.5t acre square plots (82 x 82 ft)

Single Tree 2-4 Trees - ® 10-15 Trees ® > 15Trees



Pre-treatment: Moderate-High Density Multi-Storied Stand

Pre-Treatment
Stand

nied by

y base height of 14 feet. T ighi [ e ]

gions of significant y ) trees per i th a single

° 2 d H t clump containing more than lore than 9 xd within 20 ft of
page escrl p IO n the nearesttree, meaning ther afy no openings in th e

derwent four simulated thinnings to a residual basal area of 40

 Stand’s position within the broader
ecological context

e Distribution of tree and stand
structure metrics

* Depiction of stand opening sizes

* Distribution of clump sizes

- Fre-treatment
* Visualization of stand structure Lrose perace
amMD
Tree Height
Canopy Base Height

Crown Biomass




Pre-Treatment
Stand

to Nearest Tree ift)

* 2 page description

Stand’s position within the broader
ecological context

Single Tree

24 Trees
* Distribution of tree and stand Clumpsize | #/acre | %TPA % BA 0.9 cre the tree
structure metrics Single Tree 0.5 0.1 0.2
2-4 Trees 0.5 0.3
° 59 Trees 0.1 0.1

Depiction of stand opening sizes

10-15 Trees 0.0 0.0

r to portray open-

=15 Trees 0.2

Distribution of clump sizes

Visualization of stand structure

height, DEH, CBH, and cro



ICO Moderately Clumped Thinning to 40 ft’ of Basal Area

Exa m p ‘ = i .A.H_ﬂ.. il LR i et |..-.|,4lp.4.L 1~..+.m ‘
Treatment L e e e e e

evel QMD from
from 94 to 6

strl.u::ture mal | i 5 in-li th the goals of ICO prescrip-
° 2 d . . f h tions. ThH horizontal continuity ] ! :duced as a result of the thinning.
page escrl ptlon Or eac The stand went from being d ated by a single large clump to having single fr

clumps up to 9 free ¥ of the trees i e stand.

treatment alternative

Description of stand changes

Changes in distribution of tree and
stand structure metrics

BA per acre
QmMD

Total Height

Changes in distribution of clump

. CBH
NIVASN

10 15 Al

* Comparison of stand openings o Dameer Cates reres)
diameter at brea i
L]

Comparison of stand visualizations
Clump Size | #facre, % TPA @ % BA
Single Tree 0.5 0.1
2-4 Trees
5-8 Trees
10-15 Tre




Pre-treatment 40 BA - Moderate Clumping

Example
Treatment

* 2 page description for each
treatment alternative

* Description of stand changes

* Changes in distribution of tree and
stand structure metrics

e Changes in distribution of clump
sizes

e Comparison of stand openings

* Comparison of stand visualizations

Virtual rendering of stand structure ove 5.9 e trees are scaled according to inventoried

height, DBH, CEH, and crown widths and colo owing the clumping scheme



Comparing
Treatments

* 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

Pre-treatment
=]
' Visualization of the 9.9 acre stand,
al pattern is
own radii that

Y

Folid
e Tl

»ilfl BA - High Clumping




Comparing
Treatments

* 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

Probahility (%)

Pre-reatment

Thin From Below

il e

Random Thinmng

m%_

Moderate Clumping
t l_'l_ T T T
w2 X 56 T =
] High Clumping
[ 1 I ; I

o 20 30 40 50 [ 7 aC 22
Distance to Nearest Tree (ft)

Histograms of the 3.28 ft cells used in the emp-
ty space function, showing the distribution of

the distance to the nearest tree. Prior to treat-
ment, 80% of the stand was within 10 ft of a

tree, over 98% of the stand was within 20 ft of
a tree, and the largest cpening had a radius of
27 fr.

Following treatment, all of the stands expe-
some level of increased

rienced stand
openness in terms of the number and size

of cpenings.

The thin from below simulation created the
greatest shift in distribution, with 46 and
B7% of the stand being within 20 and 40 ft
of the nearest tree, respectively. However,
the thin from below also produced the
maost simplistic vertical structure of all the
treatments.

The moderate clumping [CO treatment re-
sulted in the smallest shift in mean stand
opening sizes with only ~5% of the stand
being more than 20 ft from the nearest
tree.

Both the random thinning and high clump-
ing 1CO treatments resulted in similar distri-
butions of stand ocpenings, with ~B3 and
59% of the stand being within 20 and 40 ft
of the nearest tree, respectively. The differ-
ences in these treatments is that the ran-
dom thinning left over 50% of the trees in
the stand in clumps of > 15 trees, while the
high clumping ICO treatment distributed
the remnant stand structures throughout
all of the clump sizes.



Single Tree

COmpa rlng .l '1 Pre-treatment

. ; ’ (ﬂ . 2-4 Trees
Treatments RN RN R :

> 15 Trees

40 BA — Below

* 4 page synopsis

* Visual comparison of stand
openings and clump size

distributions 40 BA—Random

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

Moderately
Clumped

e Visual comparison of stand
structural variability

e Summary of treatment effects on e Ot VN MR A 43"355
traditional and spatial forest AR T Y R TR Y Clumped

structure metrics

Virtual rendering of sta cture ov 5.5 e area, where trees are scaled according to inventoried

height, DBH, CBH, and crown widths and ¢ following the clumping scheme



Comparing
Treatments

* 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

Summary: Moderate-High Density Multi-Storied Stand

} and horizontal
dominated by

: clumping
allocate trees into the p ed clump sizes, potentially indicating that multple entries may be
needed to meet stand obje 5

Random Moderately Highly
Thinning Clumped

Pre-treatment ' Thin from Below

40 7 (9 - 149)

86N (43-19.0)

4 77 tonsacra’”

* stand level mean with min and max in parenthes

The pre-treatment stand condition placed n of the nto q
clump of trees, containing more than 9: of ’[hE .:tc-lrllj trees and basal :

+ The thin from below simulations dra v shifted the
while the random thinning left a majority of the stand (>

lted in less local vari-
mped treatment.

Random Moderately Highly

Thin from Below
n from o Thinning Clumped Clumped




Visualization guide to heterogeneous forest structures
following treatment in the southern Rocky Mountains
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