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How do we address this question?

® First, why is growth and yield
information important?

® What GY models do we have now?
How did these develop and change
to current times?

® What are the changes in scope,
forest inventories, and climate/
disturbance regimes? How does this
impact GY models?
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Why is growth and yield information
important?

Forecasts of forest ecosystems are

critical for managing these
ecosystems under natural and human

disturbances, as well as for satisfying
human curiosity.



The Condor 110(3):363-368

C The Cooper Ornitholozical Socwety 2008

DO CROSS-SCALE CORRELATIONS CONFOUND ANALYSIS OF NEST SITE SELECTION
FOR CHESTNUT-BACKED CHICKADEES?

LANDSCAPE

Energy for Sustainable Development 18 (2014) 58-66

Contents lists available at ScienceDirect

Energy for Sustainable Development

Challenges
vegets

The use of fuelwood market segmentation and product differentiation to
Depar  assess opportunities and value; A Nicaraguan case study

K. Baker *, G.Q. Bull, V.M. LeMay




What are the current GY models?
How did they develop?

Growth and yield (GY) models have been
developed for more than 100 years, and
yield records of harvests from plantations
and other forest areas have been passed
down to foresters and managers for
centuries.
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FOREWORD

OThe preparation of
stands composed of species with widely
differing growth habits presents a difficult
problem, which has not yet been satisfactoril

solved. This publication does not attempt to
provide a fully adequatesolution to the
probl emé particul ar
changes in species composition and
extended extrapolation 0




Simple Computer Technologies

Using the fairly simple computer
technologies of the 1970s and 80s

coupled with

were developed in research facilities
and universities.



Matrix, Cohort, DBH distributions

braner, B, D, and J, W, Noser, Je, 197, A Markov chain
approach to the prediction of diameter distributions in

meven-aged forest stands, Cananadian Journa] of Forest
Research,  3:409-41],
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ABSTRACT

This paper describes a set of computer programs for combining quantitative silvicultural
knowledge with past growth data from a sampled stand to make a prognosis of the course of
development that the forest stand is expected to follow under alternative management
prescriptions. An important design criterion of this procedure 1s that the prognosis model should
apply to stands containing any mixture of species or age and size classes that grow as a
community. The model simulates the deviation-amplifying aspect of the growth process by a
unique procedure for introducing the stochastic elements in a deterministic computing algorithm.
The growth rates predicted by the built-in models for diameter change are compared to the actual
past growth of the sample trees to calibrate these models for the particular stand for which the
prognosis 1s to be computed. Selection of trees to be cut at any period can utilize a variety of tree
characters to emulate a wide range of silvicultural prescriptions.

An application of these programs to develop prognoses for lodgepole pine stands in the
presence of an infestation of mountain pine beetles 1s described.




Dynamics and simulated yield of Douglas-fir/ by Kenneth J. Mitchell,

Title: Dynamics and simulated yield of Douglas-fir / by Kenneth J. Mitchell

Mitchell 1975
Related Title: Forest sclence. Vol. 21,n0. 4 (Suppleme M FeYg [\¥iTe I8P IR A g2

Author/Creator: Mitchell Kenneth J. distance
Published/Created: Washington, D.C. : Society of American e [e]olcIalo (1]
DouglasHir
Yale

Permalink: http:/resolve.ibrary.ubc.calcgi-bin/catsed

Accessed May 25, 2023



https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory/growth-and-yield-modelling/tree-and-stand-simulator-tass
https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory/growth-and-yield-modelling/tree-and-stand-simulator-tass

DEC VT52 terminal
Developer Digital Equipment Corporation

Type Video terminal
Release date 1974/1975

Successor VT100

Accessed May 25, 2023
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https://en.wikipedia.org/wiki/VT52

IBM System/3, Model 15

The Model 15 instruction cycle time was 1.52 microseconds and
supported 48K-512K of semiconductor memory. It could be ordered
with hard disc or magnetic tape mass storage. In contrast, some
modern day cell phones have 8 internal processors, each with a clock

speed of 1.80 GHz (55 nanoseconds), and supports 128GB-1000GB of
memory.

and

Accessed May 25, 14
2023


https://en.wikipedia.org/wiki/IBM_System/3
https://www.computerhistory.org/collections/catalog/102667928

Apple |
| Desktop,
1976

Rare AIe | Sells For $471K in Auction

@ By Haider Ali Khan — May 27, 2019 2:03 pm UTC

A fully-functioning Apple | machine was placed on the auction block at Christie’s in London

and sold for £371,000 or approximately $471,000.

Accessed May 23, 2023 15


https://www.ilounge.com/news/rare-apple-i-sells-for-471k-in-auction

ASPEN IN THE

AN IMPROVED STAND GROWTH MODEL FUR TREMBLING

BRAIRIE PROVINCES OF CANADA Grabowski,
Heidt, & Titus
FINAL REPORT 1981 Aspen GY
U of A

Morton &
Titus 1984
\Y[€e1\Y
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RESEARCH BULLETIN 39

A KEY TO THE LITERATURE ON
FOREST GROWTH AND YIELD IN THE
PACIFIC NORTHWEST: 1910-1981

D.W. HANN

i Hann
and
Riitters
1981
OSuU

\AA ’
[l FORE/T RE/ERRCHLAB | |
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~ Clutter et al. 1983.
Problems of using
~ Temporary
Sample Plots

(TSPs) rather tha
Permanent
Sample Plots
(PSPs) for yield
tables.




YIELD TABLES FOR ALBERTA FOREST COVER TYPES

W. R. Dempster and Associates Ltd.

Dempster and

Yield tables using
PSPs for Alberta.

November, 1983

Assoclates. 1983.
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A GUIDE TO GROWTH AND YIELD MODELS

OF THE PACIFIC NORTHWEST

Guide to GY
Models of the

Pacific Northwest
1991

Status of growth and yield research: 1991 joint technical
session of forest measurements, tree improvement and
silviculture, and forest management working groups

by Valerie M. LeMay ', Richard Greenwood’, Peter L. Marshall’,
Margaret Penner”, and Doug Walker”




Current GY Models



USDA U.S. FOREST SERVICE
ﬁ Caring for the land and serving people

United States Department of Agricuiture

Inside the FS

Modeling the Forest

The Forest Viegetation Simulator (FVS)
is a forest growth simulation model. It
simuiates forest vegetation change in
response fo natural succession,
disturbances, and management. It
recognizes all major tree species and
can simulate nearty any type of
Sixth Forest Vegetation Simulator management or disturbance at any
(FVS) Conference fime during the simulation. Outputs

The sixth Forest Vegetaton Simuator (FVS) Conference, mdu?e el Do L _
wil be held March 7.9, 2023, 2t the Hilton, Fort Colins, density, canopy cover, harvest yields,
Colorado. fire effects, and much, much more.

Trnaini
Training ~

L)
Support

—_—

Learn more about FVS ©

Accessed June 5, 2023 23


https://www.fs.usda.gov/fvs

Modeling the Forest

The Forest Vegetation Simulator (FVS)
iIs a forest growth simulation model. It
simulates forest vegetation change in
response to natural succession,
disturbances, and management. It
recognizes all major tree species and
can simulate nearly any type of
management or disturbance at any
time during the simulation. Outputs
include tree volumes, biomass,
density, canopy cover, harvest yields,
fire effects, and much, much more.

24



BRITISH
COLUMBIA

* Growth & Yield Modelling

» Tree & Stand Simulator
(TASS)

Table Interpolation
Program for Stand
Yields (TIPSY)

*» Variable Density Yield
Projection (VDYP)

Accessed May 31, 2023
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https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory/growth-and-yield-modelling

Tree & Stand Simulator (TASS)

Last Updated on February 21, 2023

Last Updated February 21, 2023

The Tree and Stand Simulator (TASS) is a biologically based, spatially explicit, individual (ree

model. The TASS brochure (PDF, 1.3 MB) provides a brief overview. TASS currently existsin 3

main forms:

1. TASS IIT is the public-release Windows™ version, which begins to extend TASS into more

complex stand structures with multiple-species and -age coholts. The initial release is

Accessed May 31, 2023



https://www2.gov.bc.ca/gov/content/industry/forestry/managing-our-forest-resources/forest-inventory/growth-and-yield-modelling

§ E S S A Home Approach  ExploreESSA  News&Insights QurClients About ContactlUs @ @ Q

Forest Vegetation Simulator

Key outputs are produced at the individual tree and stand level; including volume, density, species, diameter, height,
annual increment, and crown length. Because of ts internal structure, one of its great strengths is the ability to
simulate complex stands composed of many species and many ages.



https://www.essa.com/explore-essa/tools/fvsprognos%20Accessed%20May%2029

Main
Summary
Flow Chart
Projects
Extension
People
Links

Workshop

Faculty of Forestry, Forest Resources Management
2424 Main Mall, Vancouver, BC, V6T 124
Tel: (604) 822-2727 Fax: (604) 822-8645




Western Boreal Growth and Yield Association
Faculty of Agricultural, Life & Environmental Sciences

MEMBERSHIP LONG TERM STUDY MIXEDWOOD GROWTH MODEL

Home

Western Boreal Growth and Yield Project

The Western Boreal Growth and Yield (WESBOGY) Association first met informally in the mid 1980’s and ¢
year business plan in 1996 with Dr. Steve Titus as chair. In 2020 WESBOGY membership included 7 forest
Members share an interest in forest growth and yield, stand dynamics, inventory and planning. WESBOG
development efforts by facilitating data sharing; by supporting development of MGM and other growth a
and by providing a forum for communication.




ojtem versions $ovesy

A GROWTH AND YIELD PROJECTION SYSTEM FOR NATURAL AND REGENERATED
STANDS WITHIN AN ECOLOGICALLY-BASED, ENHANCED
FOREST MANAGEMENT FRAMEWORK

The firstversion of GYPSY s rfeasedin 2001, The fovecasting capailty of i verion s
It to pur lodgenole pine stands,

The 2009 version has been updated o nlude modeling capabilty for multile species
pute and med Specie tands. 5o enadlesforestmanagers o predictfuture growh
based on refrestaton ey resu

Teg Species groups

YPSY can forecas thegrowth of e speces qroups

30



What about process and hybrid
models?



Derek Sattler,
SORTIE-ND MSc. 2009

Simulate forest UBC

irﬂwth_ and Point: 5, 10, 15, 20
ynamics years

SORTIE-ND

Import Overstory
+ Understory tree

list

Note: Behaviours
Parameterized to study
areda

New Seedlings +
Saplings (<7.5cm
DBH)

Time 1 (Post Disturbance event)

PROGNOSISEC PROGNOSISEC

Import same Simulate forest
Overstory + growth

PROGNOSISEC
Simulate forest
growth

- tree list

Understory tree

list S Ear Sk ST

supplemented by
SORTIE-ND
regeneration sub-
model

Note: Regen submodel

Imputation of
turned “off” P

understory from
SORTIE-ND
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Heritage Data Sets

1. PSPs now longer time periods covered
60 or more years

2. Experimental plots (EPs) such as those
noted in the Stand Management
Cooperative (SMC) managed by Eric
Turnblom at U W also have more
UEENVES

33



What are the changes in scope,

forest inventories, and climate/

disturbance regimes? How does
this impact GY models?



Changes in Scope: Increased Human
Uses of Forest Ecosystems
® Population growth and

e ‘ movements closer to forest
"' environments

e ® Biomass used as a source for
fuels, fabrics, plastics
replacements, etc.

This clearly affects forest
inventory (Fl), what about GY? 5



Timber Supply Area forest biomass analysis

FPInteface s a analtical tool used to conduct TS residualforest blomass analsis, It contains forest
procucthity data and s use o estmate the cost of foresry actvies, Thi data combined with harvesting an
Iventory projections allows for a biomass inventory graded by costofdelvery, FPnterface differs from most
Models which se averaqes to calculate hoth costand amount o resiaualforest blomass. I accumulates the

Vel of neviaal cut locks on the fandscape anl calculats cost and time to 3 Specified elivery poin, Such as 2
samil o pul mill,These analyses provide carbon Impact assessments Which further inform biogconarn
Nevelopment and cimate action Tracking dead wood

postliogging

Accessed May 29, 2023 %



https://www2.gov.bc.ca/gov/content/industry/forestry/supporting-innovation/bio-economy/biomass-technology

Energy for Sustainable Development 61 (2021) 196-205

. . . . s
Contents lists available at ScienceDirect
Sustainable

Development

SN Energy for Sustainable Development
)

F1 SEVIFR
Forest, farms and fuelwood: Measuring changes in fuelwood collection )
and consumption behavior from a clean cooking intervention e

Devyani Singh *** Hisham Zerriff, Rob Bails, Valerie LeMay®

A For fuelwood, need species, sizes, and dead
wood. Need a treelevel model like FVS?

A For both of these, how will these removals
Impact site productivity?




Further Changes in Scope

. Fire risks: Need “dead wood tracking” in any
future forest forecast with/without fuelwood
reduction mitigation.

. Habitat suitability: Need within stand structure
including changing species composition over
time.

. Urban forests: Many, many species from
anywhere in the world. Often isolated trees.

. Carbon “sales”: Carbon tracking above and
belowground.

38



Changing FI Technologies Under an
Explosion of RS Data

ENORMOUS AMOUNT S,
OF INFORMATION
ARE AVAILABLE,

INCLUDING,

HOWEVER,
VERY LITTLE
RELIABLE
DATA
ON WHAT
IT ALL

MEANS,

L:""—-,‘. Sltor

Dr. Ashleigh Brilliant, 1985. (Copyright indicates restricted approval for use, up to 5 images).
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GY models must be connected to forest
inventory maps to forecast forest
ecosystems under natural disturbance, and
human disturbance regimes.

Spatially Explicit,
Forest Inventory GY models

40



Imputing Tree-Lists

® The concepts of using variable-space NN
methods to impute tree-lists was
developed by Stage and Moeur originally

® This was later implemented 1nto
Yalmpute by Crookston and Finley.

[mputing tree-lists from aerial attributes for complex stands
of south-eastern British Columbia

By H. Temesgen, V.M. LeMay , K.L. Froese, PL. Marshall

Forest Ecology and Management 177 (2003) 277-285




Satellite Imagery

Data characteristics
WIKIP EDIA Q. Search Wikipedia

The Free Encyclopedia Vv Imaging satellites

Public domain
CORONA

Landsat

Satellite imagery

Article  Talk Sentinel
ASTER

MODIS

From Wikipedia, the free encyclopedia
Meteosat

Satellite images (also Earth observation imagery, spaceborne phot Private domain
images of Earth collected by imaging satellites operated by government GeoEye
characteristics Satellite imaging companies sell images by licensing them to governme Maxar
ing satellites and Google Maps. Airbus Intelligence

Spot Image

lic domain
Planet's RapidEye

ImageSat International
China Siwei

Disadvantages




https://canadiangis.com/fre... A [T}

Canadian Lidar Data

Sources of Free
and
Open Data



INT. 1. REMOTE SENSING, 19RS, vou 6,50 1101 113

Automated measurements of terrain reflection and height variations
using an airborne infrared laser system

H SCHREIER

Department of Soil Scienee University of Branish Columbia, Vamn
British Columbi, V6T 2A2 ( anada

] LOUGHEED

Davis Engincering Ltd., Ottawa, Ontano, Canada

C. TUCKER
DSTIL. Department of National Defence, Ottawa. Oni

and D. LECKIE

Petawatva National Forestry Institute Chalk River




Heights Prior to L1IDAR

TREE HEIGHTS

from

AIR PHOTOGRAPHS

By Simple Parallax Measuremaents

—

G. 8 ANDREWS
1936

—

CRADUATE'S THESIS

THE ASsOCIATIoN o | -
or Yiue
PEOVINCE OF URITEL COLUMEIA

epinied [ou W i e od | . -
R YR R T A

OWW

Use of large-scale aerlal
photographs in regonorl

assessments

AJd

Intoimiutian Repurt NOR 264
Nothem Eorest Resesrn Centre
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Digital 3D Aerial Photos

7 . o
See discussions, stats, and author prafiles for this publication at: [ittp soarcheate net/publication/ 31168651

~
Seand. J, For, Res. 12: 00-00, 197 : : ;
Comparing Airborne Laser Scanning, and

Estimating Forest Characteristics in S [mage-Based Point Clouds by Semi-Global
Photographs with Respect t0 Matching and Enhanced Automatic...

Forest Management Planning
Article » Forests: June 2017
REN| TOMAS THURESSON"* ¢ .

1y of dgr iltural Schences, e
and Geomutict, Swedish U :

PETER HOLMG

Deparment of Forest S0l Sieish Unters

:DoNT ment of Forest Resource Wangemen!

5 authors, including:

3 I
. P'|. Thuresson, |y anl Holm, S ' ! Sami Ullah ‘\.. Matthias Decs
Scanned finge sl @ W oo

o \m-.lﬁluml S, p University of Freiburg
F'.)It;l Resource Mangement and th)mild 5 PUBLICATIONS 5 CITATIONS 60 PUBLICATIONS 174 CITATIONS

ik £ altt |

S.901 83 Umed, Sweden) Extmating ores SEE PROFILE SEE PROFILE
respect [0 requiremien(s Jo ceonomic fores
Accepted Dec. |, 1996 Suand. ) For. Res
The objectrve of forest management plan University of Freiburg University of Frelburg

i vield, Methods used 1o collect im 15 PUBLICATIONS 19 CITATIONS 224 7UB1ICATIONS 2,750 CITATIONS

Pawanjeet Singh Datta Barbara Koch
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UAVs

Computers and Electronics in Agriculture
Volume 150, July 2018, Pages 289-301

ELSEVIER

Original papers

Automatic citrus tree extraction from UAV
images and digital surface models using
circular Hough transform

Dilek Koc-San 2 ¢ L &, Serdar Selim bid Nagihan Aslan b Bekir Taner San ©
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What are the minimum variables and
accuracy needed to connect FI to GY?

Remote Sensing of Environment
Volume 209, May 2018, Pages 90-106

= ¥

ELSEVIER

Large-area mapping of Canadian boreal forest

cover, height, biomass and other structural
attributes using Landsat composites and lidar

plots

Giona Matasci ® 2 =, Ixomin Hermosilla , Michael A. Wulder b |oanne C. White °,

Nicholas C. Coops ?, Geordie W. Hobart b Harold S.). Zald ©

2018. 48



Missing Attributes to Connect to GY

clev_maean [m) elev_sa [m]
R*2=0.450, RMSE%=38 8, bias=-002 R*2=0 377, RMSEN=45 2, bias=-0 02

clev cov |}
R*2=0 126, RMSE%=30 4, bias=-0.00

over, volume/ha, basal
R0 486, RMSE%+34 5, biss-0.08 | C,g_:;'_.fg,g‘f'},,&..h_”_ bias=0 04 are a p e r h a, b I O m aS S / h a’
‘ | heights

No age.

basal_srea [m*2/hal p jm*3ha]
R*2+0.544, RMSE%=50 8, tag=~006 MSE® 792, bias=~0.54

e act

49



Accurac Each dot: LIDAR
stem_volume [m”*3/haj:

WEPTR ey D | ot (o0obs
predicted using
_andsat metrics +
topography + spatial
position + years
since greatest
change.

O

o

o
1

o
O
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O
o
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For GY forecasts, we
need to be accurate
for each particular
observed spatial extent.




o Institute o
F OIC Stry An ntemational Journal of Forest Resare =( Chrtered Forsters

Forestry 2017; 90,613-631, doi:10.1093 forestrylcpe014
Advance Access publication 24 Morch 2017

Estimating stand density, biomass and tree species from very high
resolution stereo-imagery - towards an all-in-one sensor for forestry

applications?

Fobian Ewald Fassnacht™ Daniel Mangold', Jannik Schcfer’, Markus Immitzer’, Tejo Kattenborn’,
Barbara Koch” and Hooman Latif
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Lochhead et.al 2018 -
1% ARTICLE

Multivariate estimation for accurate and logically consistent

forest-attributes maps at macroscales
Kyle Lochhead, Valerie LeMay, Gary Bull, Olaf Schwab, and James Halperin

Can. ] For. Res. 48: 345359 (2018) dx doi org)0. 1139 cjfr-2057-022)

_andsat composites + IGHIGEM Crown closure,
ohoto-interpreted with species percents,

arge-scale aerial

age, height, and
:;r;/(;tr(;s + other GIS volume per ha
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