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® IndividualTree Inventory (ITI)
©, Hex Inventory (EFI)
®, Polygon InventorygFR)
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Project Overview AFORSITE

Strategic Inventory
- Used to assist with
Timber Supply Analysis

Hex (Hybrid)
Operational Forest Inventory
- Field Plot creation & processing

- Area-based Analysis integrated with and built upon the
Individual Tree Inventory foundation

Individual Tree Inventory
- Stereo Imagery to capture Stems and sample Areas
- Machine-learning Model Validation
- Segmentation of individual trees from the point cloud
- Analysis and Production of each segmented Tree in the AOI




RomeoMalette Forest FORSITE
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Operational to Strategic \FORSITE

Linked Inventoriesc Different Uses, Same Data

Alndividual Tree Inventory AAuto-Delineated Polygons
A400m? hexagons AAssign Attributes
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Auto-delineating into stand




Tree Species ldentification Process
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ASSigning SpeCiQﬁee by Tree) FORSITE

Crown metrics taken from the point clouagrown
shape, size, and density, and colour (intensity)

Species assigned using machine learning algorithm
and groundtruthed tree library
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Assessing Accuracy:. Stem Test

FORSITE

TSI
Hit rate
(Correct/

Photo

BF Ccw LA PJ PR PW SB SW AB BW MR PB PT SN Total Interp)
BF 184 5 0 4 0 0 26 1 0 2 0 0 0 0 222 83%
cw 2 162 2 1 0 0 4 2 1 11 0 0 0 0 185 88%
LA 9 1 170 7 0 0 34 2 0 1 0 0 0 0 224 76%
_ PJ 5 2 1 281 2 0 57 1 0 8 0 0 7 0 364 7%
% PR 0 0 0 8 29 1 0 2 0 1 0 0 0 0 41 71%
s PW 0 0 2 3 0 113 3 5 0 1 0 0 0 0 127 89%
g SB 24 0 9 13 0 1 410 15 0 4 0 0 0 2 478 86%
% SW 4 1 0 2 0 5 22 125 0 3 0 0 0 0 162 7%
E AB 0 0 0 0 0 0 0 0 89 12 1 0 1 0 103 86%
o BW 2 6 1 5 0 0 2 0 7 230 1 18 24 1 297 77%
MR 2 2 0 0 0 0 0 0 4 22 22 0 5 0 57 39%
PB 0 2 0 1 0 0 2 0 1 35 1 62 80 0 184 34%
PT 0 0 0 3 0 0 2 1 1 22 0 13 227 0 269 84%
SN 0 2 0 5 0 0 4 0 0 1 0 0 6 132 150 88%
Total 232 183 185 333 31 120 566 154 103 353 25 93 350 135 2863 78%

Precision
79% | 89% | 92% | 84% | 94% | 94% | 72% | 81% | 86% | 65% | 88% | 67% | 65% | 98%
(Correct/ TSI)
Weighted Avg

(Hit rate & Precision)

81%

88%

83%

81%

81%

91%

79%

79%

86%

71%

54%

45%

73%

93%

The ground truth stem test is the most comprehensive stem Strengths here include good separation of conifer from
deciduous species (97%) and good separation of live trees

test conducted and includes 2,863 trees. It includes all
samples > 5m in height and the mix of species samples wadrom dead trees (99%).
designed to assist with model creation. As a result, the mix
does not represent the species mix found in the land base.

Issues include some overcalling of BW as well as overcalling of
SB, although SB has a good weighted average score. 14



Number of Trees

Stem Test (By Height)

Stems by Height
All¢ 78%

m All Samples m Correct Samples
HGT Clag9% Corre

450
<10m 78%
400 10-20m 76%
350 20-30m 83%
30-40m | 100%
300

250 e As expected overaII accuraci@

200 are highest for the largest

150 =4 trees. The <10m accuracy is s

100 Mg above expectations primarily B3
50 II II I II II - due to _the lack of diversity in
0 - T

that height group.
7-9 9-11 11-13 13-15 15-17 17-19 19-21 21-23 23-25 25-27 27-29 29-31 31-33 33-35
Height Band (m)




Forestry Futures Trust Romeo Mallette
Production Area and/alidation Data

FORSITE

Validation areas used to create
the species identification
model were selected across
the productionarea. Thesd 62
validation areas represent a
mixture of species and natural
subregions.




Comparison to Photdnterp

Validation Area Stereo Canopy Cover

Validation Area TSI Canopy Cover

FORSITE

2% rl% 2% rl%
4% AB 3% AB
BW BW
22% ';"E'? 23% MR Overall, TSl is finding a very similar
22% 0% m PT 23% i species breakdown by canopy cover
[ eF [O% BF to what was stereo interpreted in
L/» \1% -EXV : | 106 _EXV the validation areas. The pie charts
0% PJ O%J/ P3 on the left reflect the aggregate
139% e o 139% - iR total for 162areas. Detailed
SB SB breakdowns follow in later slides.
8% o7 n S\Iilv gy % n g\lilv
Species AB BW MR PB PT BF cw AT PJ PR [ Pw | sB sw SN
R Square 0.972 | 0956 | 0172 | 0347 | 0967 | 0.909 | 0.987 | 0.983 | 0.977 | 0.002 | 0934 | 0970 | 0.856 | 0.993
Standard Error| 0.010 | 0.050 | 0.012 | 0.008 | 0.046 | 0.028 | 0.022 | 0.019 | 0.036 | 0.002 | 0.007 | 0.060 | 0.024 | 0.015
Observations | 162 162 162 162 162 162 162 162 162 162 162 162 162 162
CN DC DE
R Square 0.988 | 0.986 | 0.993
Standard Error | 0.043 0.044 0.015
Observations 162 162 162 17




Validation Area Review

FORSITE

FET VA_017 AB BW MR PB PT BF CW LA PJ] PR PW SB SW SN
Photo Icr;'fvrsrCanopy 0%  63% 0% 13% 0% 16% 1% 0% 0% 0% 0% 0% 5%

Machine Learning

1% 48% 0% 2% 17% 17% 2% 1% 2% 0% 0% 3% 5%
Canopy Cover
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BW dominant stand. BWndercalledin favour
of PT but overall deciduous % is correct.

Average Height:3.5m



Individual Tree Inventory Example

A Each tree has a unique id
and associated list of
attributes

A Highlighted example shows
a Sw tree:
A 27.1m Ht
A 37.1cm DBH
A 1.09 m3

A Can produce stand and
stocking tables similar to
cruise, based on almost
complete census within
any user defined polygon.
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Forest Management Specialists
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Identify

1 x

Identify from I <Top-most layers ;I

[#- T3I_DUNDO34_52_6392C_Y6

B
Location: 1,669,697,115 &044617.003 Meters =
Field Walue
FID 1490
Shape Polygon 2
HEIGHT 27.08
ELEYATION 1105.04
SLOPE 18.052
ASPECT 315

DENSITY 490,698
LOC_DEMSTY 350,141
CANOPYAREA 12,25
CANOPYDIAM 3,897
LY CPY_PCT  0,345455
NM_LDR_PTS 505
MM_FLT_LNS 3
BYG_INT_R1 31432
LIDAR_AGE O
LIDAR_YR. 2015
SITE_INDEX O
TM_DE UNK
D DUNDD34_1 497
SPECIES
METMERCHYO 1,06054
FRIM_PROD  GA
SAW VOL D
GANG_WOL  0.76564
C_5_voL 0.25085
PULP_YOL  0.04405
WASTE_WOL 0
GROSS_WOL  1.09394
BASAL_AREA  0.10831
IMPLIEDDBH ~ 37.136
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Tree Species Accuracy L FORSITE

Forest Management Specialists

Contract Standards

® Tree Species-50m tall >=60%:Achieved 78%

(® Conifer Deciduous > 90%cchieved 97%

® Tree Species >10m tall >70%chieved 78% (\/,

(® Model matches land base species mix well
(not overfit to individual tree samples)




Hex Inventory FORSITE

Forest Management Specialists

OrasrR i tFyRaOI LIS
® Collect Plot data (400nfixed area)

©, Aggregate ITI data for Plots

(®» cCalculate ABA metrics for Plots

® Create Predictive Models (ITI + ABA)
Vol, SPH, BA, Tree LIE&

® Fill in Species and Heights from ITI




Operational to Strategic \FORSITE

Forest Management Specialists

Linked Inventoriesc Different Uses, Same Data

Attributes predicted using
ground plot data
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tto-delin

Stands ready for strategic planning

Identifying individual Trees




NMVOL_FIELD

Hex Attributes FORSITE

Forest Management Specialists

I TI Hex Prediction

NMVOL FIELD VS ITI Training - Net merch volume
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Forest Management Specialists

Hybrid (Hex) EFI Product

Hexswith Final Attributes

HEX_INVEMTORY - FM-979

= n"n = EXPTGRIDID A6
@ { LISOA S a oen Qa Sreme L 74448307
® Maxht, TopHt, LoreyHt oy A so0000s
LEADING_SPP pt
@ Basal Area CROWN_CLOSURE 97
GROSS_VOL_PRED_HA 33278
@ SPH GROSS_MVOL_PRED_HA 250,13
..='=.='= NET_MVOL_PRED_HA 188.94
o080 0,0.8
® AvgDBH, QMD gelecessasses, [NECGE —
@ Crown Cover SPH_MERCH 1436
BASAL_AREA_HA 38.88
@ Tree I|St MERCH_BASAL_AREA_HA 36.08
LIVE_MERCH_STEMS_PER_HA 1436
@ Vollha by SpeCieS DEAD_MERCH_STEMS_PER_HA [0
STAND_PERCENTAGE DEAD O
@ De ad perce ntage GROSS_MERCH_VOL_LIVE 250.13

GROS5_MERCH_VOL_DEAD 0
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Creating A Polygon Inventory \FORSITE

Project Goal

® Produce homogenous polygons with fikg inventory
attributes suitable for strategic planning purposes (timber
supply analysis)

® Proof of concept for how a new polygon inventory could be
created from LIDAR without the need for waidlwall photo

Interpretation

46



Creating A Polygon Inventory

A new approach

©, Traditionally photo interp. polygons are delineated based
on similar characteristics in:
3 Ecosite, tree species, landforms
3 Interpreter skill / experience.

®» Auto delineated polygons are created usingegZognition
segmentation algorithm that looks to grow regions (stands)
with similar values foleading speciestand height and
crown closure

A,
AFORSITE

47



. . A
Polygon Delineation LFORSITE

Input Datasets and Final Polygons

Top Height Lead Species Crown Cover




Creating Inventory
Polygons

A Fusion of Data Sources

® NonF2NBald FTNRY
® LiDAR water

(» Automated polygons for
remaining forest

® Silviculture Records /
Openings / Newnterp




Polygon Comparison FORSIT
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