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Y081264 Forest Science Executive Summary. 

 

N.J. Smith, 3332 Kite Way, Nanaimo, BC V9T 3Z2.  April 30, 2008. 

 

1. Project number and title 

Y081264 

Modelling the development of Coastal BC stands: an individual tree model linked to a variable 

retention microclimate model. 

 

2. Project purpose and management implications 

 

This study was designed to help develop an individual tree distance independent (ITDI) growth 

model modified for variable retention effects in Coastal BC.  The intent of this project was to 

develop an ITDI model capable of starting from bare ground, or an inventory list and grow a 

stand forward under clearcut or variable retention silviculture. There were two main data sets: 1) 

a PSP data set maintained by Island Timberlands Ltd comprising approximately 2500 permanent 

plots and 2) a variable retention regeneration or young stand experimental and „edge-study‟ data 

set that also comprised clearcut controls. The clearcut and regeneration data set consisted  of 

seven large scale (~100 ha), three smaller scale (~30ha) experimental areas and 19 smaller edge 

study sites established across the former MacMillan Bloedel‟s landbase  (See Appendix I for an 

overview of the experimental sites and list of experimental and edge sites).  In addition there is a 

stem taper and leaf area data set. The purpose in the first year was to develop the project 

database; develop a height, diameter and mortality model based on the project data; start model 

development and incorporate into a spatially explicit microclimate model (FORGE); consolidate 

the regeneration data base and develop regeneration sub-models.   A description on the FORGE 

growth modelling framework can be found at: 

http://www.for.gov.bc.ca/hfd/library/FIA/2005/FIA2005MR030-4.pdf . The main components 

under development included: height, diameter, mortality, regeneration, taper and the impacts of 

thinning, fertilization and variable retention.  

 

Management implications: more stand-level retention (such as wildlife tree patches, riparian 

strips and variable retention) leads to more forest edge compared to clearcuts and hence greater 

possible edge effects on forest growth. This has implications for silviculture (establishing the 

next crop of trees) and growth and yield and timber supply and sustainability (growing the next 

crop of trees).  

 

http://www.for.gov.bc.ca/hfd/library/FIA/2005/FIA2005MR030-4.pdf


FSP Y081264 Executive Summary 

 

2 

 

The intent was to develop a modelling framework that analyses existing data to test hypotheses 

about tree and stand regeneration and growth around increased forest edges. The data collected 

will allow an analysis of growth of planted trees and natural regeneration under a range of 

variable retention systems including clearcuts for a range of sites and will assist in silvicultural 

decisions regarding silvicultural investment, silvicultural practices, growth responses and fibre 

supply. The model could be used to assist in developing sustainable forests and certification 

indicators and criteria. 

3. Project start date, length of project, and any former project 

members or funding sources that applies. 

April 2007, 3 year. Island Timberlands LP has supported the whole project and has funded parts 

(cash and in-kind). 

4. Methodology Overview 

Data: a large permanent plot based data set that includes regeneration, clearcut stands, variable 

retention, mortality, growth and a taper component. Island Timberlands LP manages a large 

permanent plot data set of approximately 2500 permanent sample plots measured an average of 5 

times; half the plots are managed (planted, thinned, and fertilized). Thus these long-term PSP 

data cover a broad range of stand types, species and management inputs. The variable retention 

data set is more recent and more restricted but likely represent the most complete and varied data 

set on the BC Coast. The data collection is funded elsewhere. The data come from 10 large scale 

experimental sites (seven are 100ha and three are 40ha in size) (Beese et al. 2005) and 19 edge 

study sites, some established in 1998/1999. (See Appendix I for an overview). The experimental 

sites examine a range of variable retention amounts and types compared to clearcut and uncut 

controls, all randomly assigned. Generally there are 3 treatments at different levels of retention 

including 1) group size, 2) group amount, 3) patch removal, 4) dispersed, 5) mixed 

dispersed/group. There is at least one replicate for each type. Sector plots (Iles and Smith 2006, 

Smith et al. 2008) have been established at each site, randomly sub sampling 3% of the total 

area. Sector plots are designed to examine trends of tree responses with distance from retained 

tree edges. Most measurement data are 3 years since planting, some 5 years. The edge sites, in 

distinction to the experimental sites, have rectangular 3 to 6 tree wide N, S, E and W transects 

monitoring regeneration growth from -5m to 50m from stand edges. Each site (experimental or 

edge) is planted with the same seed source/stock type and is monitored for natural and advanced 

regeneration. Some of the measured edge sites are 8 years since planting. We have 10 year data 

from the MASS site (shelterwood and green tree) (Mitchell and Beese 2005 (not used in 2007-

2008). In addition we will have approximately 100 planted sites (called the Plantation 

Assessment Plots, PLAS) now about 15 years old that have tracked regeneration from planting 

(although these sites were predominantly clearcut) (data base work but no analysis in 2007-

2008). There are also 200 stem analyses trees (100 from recent studies) for taper development 
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(the database was updated but only preliminary taper modelling was done in 2007-2008). This 

will be augmented by a further 60 hemlock, cedar and some fir during the project largely through 

an in-kind contribution from ITLP. 

 

Analyses: we are building on an existing modelling interface called FORGE: a model using 

interacting grids of any size that get populated with trees which can compete and shade other 

grids. FORGE was originally driven by a whole stand model. The intent of this project is to 

replace the whole stand model with an individual tree distance independent growth model with a 

regeneration component using PSPs and the edge/experimental data. (See the following link for a 

description of FORGE: http://www.for.gov.bc.ca/hfd/library/FIA/2005/FIA2005MR030-4.pdf 

contains: Smith, N.J. Variable retention, microclimate, experimental and modelling projects in 

TFL 39: Improvements to the Forge model). The model itself is driven by a microclimate (light 

and moisture) model developed by Dr. Andy Black (Black et. al 1991, Black and Spittlehouse 

1981). Modelling has proceeded in two phases 1) regeneration < nominally 8 years (the VR 

experimental and edge data set) and 2) over breast height or nominally 8 years (the PSP data set). 

The following model components were partly developed in the first project year: 1.Height 

growth; 2.diameter growth; 3.mortality; 4.modifier effects of fertilizer and thinning, on 3 (1. and 

2. to follow in 2008-2009); 5.regeneration model: clearcut data and variable retention data (an 

individual small tree model is developed); 6. taper equation (2008-2009); 7.modifier effects of 

variable retention on 1, 2, 3 and 5 (further development in 2009-2010 planned). We are using the 

set of difference equations and modifiers approach developed in FVS (Stage 1973) and 

ORGANON (Hann et al. 2003) but the model form is based on an annual time step (Weiskittel et 

al. 2007). 

Variable retention impacts on growth and mortality are directly modelled in the regeneration 

model as a function of light and moisture. Beyond roughly 8-15 years we modify height and 

diameter growth based on how Black's models (see above) are likely to impact photosynthetic 

saturation curves (from separate studies). Note that a complementary project (Y081210) has a 

component concerned with the variable retention regeneration model: Y081210 deals with 

variable retention regeneration while Y081264 (this project) deals with the 'clearcut' based 

regeneration data.  

 

5.  Project scope and regional applicability 

 The landbase is Coastal BC clearcut and variable retention silviculture, planted or established 

stand. The model is an individual distance independent model that grows trees in square grids: 

each grid grows leaf area which is used to model light and moisture inside and between 

interacting grids 
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6.  Any interim conclusions, inferences or information that 

might be immediately useful to practitioners and other 

researchers. 

 

Deliverables 

The following papers have been submitted as deliverables for Y081264 and describe much of the 

progress in 2007-2008: 

 

1) FORGE Young Tree Growth Mechanics Model Development, N.J. Smith (Y081264 Paper 1) 

2) Development of a Mortality Model for Selected Species of Coastal British Columbia.  L. 

Rathbun and V. LeMay (Y081264 Paper 2). 

 

Data 

We developed a data dictionary for common PSP data used between ITLP and UBC and an 

interface for computing variables common to the ORGANON programing environment such as: 

Growth effective age (GEA), Basal area in larger trees (BAL), crown ratio (CR), Crown 

competition factor  for larger trees (CCFL). See Y081264 Paper 2. The data base contains 

approximately 2500 PSPs. In addition we have developed a data base of over 200 felled trees 

(mainly Douglas-fir) and a leaf area index Douglas-fir data set. We have undertaken preliminary 

analyses of the taper and leaf area data sets but further work will follow in 2008-2009. The VR 

database was updated with recent meaurements and used for the FORGE-regeneration modelling 

work. 

 

Models 

Our goal is to develop individual tree distance independent equations that can be built into the 

FORGE microclimate based growth model. There are two phases during development: 1) 

FORGE-R (Forest Growth Engine-Regeneration): regeneration phase from bare-ground based 

on permanent experimental/edge data, and 2) FORGE-T (Forest Growth Engine-Tree): trees 

phase for established stands based on permenant sample plot data. Y081256 Paper 1 describes 

work undertaken on the regeneration model under clearcut and variable retention stands and 

height and dbh FORGE-T modelling.  Y081264 Paper 2 describes work involved in FORGE-T 

mortality. After testing and validation in an aspatial modelling interface (See Paper 1) FORGE-R 

and FORGE-T will be fully embedded in the main FORGE model. 

 

The two papers above contain preliminary annualized equations for predicting regeneration and 

stand growth for Douglas-fir, western hemlock and western red-cedar. The annualized mortality 

modelling was based on permaent sample plot data and is for established stands. A novel 

survival models was developed which  included built-in adjustments for thinning and 

fertilization.  In addition preliminary annualized models for height and diameter growth have 
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been developed for model testing and interfacing wth the regeneration model and these are 

described in YO81264 Paper 1. 

 

The FORGE-T models can start with a tree list from the regeneration model or cruise 

information. The FORGE-R models are for clearcuts or variable retention stands and are 

modified by percent sunlight and soil moisture. The FORGE-R and FORGE-T are in a computer 

model interface that lets planted and natural regeneration trees respond to light and moisture or 

to grow in clearcuts (unmodified). FORGE-R uses the VR experimental and edge study data and 

a series of annualized models that project planted and natural tree height, basal collar diameter 

and diameter breast height. There was a correlation between growth and distance from edge of 

retained variable retention trees that extended to about 12-15m. This was best correlated with 

light amounts received at edges and to a lesser extant soil moisture. No discernible patterns of 

planted tree mortality was found with distance from edge during the first 6 years after planting.  

 

7. Contact information to assist someone in finding additional 

information on the project. 

Nick Smith, 3332 Kite Way, Nanaimo, BC, Canada V9T 3Z2. 250-758-9931, nals4@shaw.ca 

 

Ken Epps, Island Timberlands LP, 2420 E. Island Hwy, Nanoose Bay, BC V9P 9A3. 250-716-

6791 KEpps@islandtimbers.com 

 

Bill Beese, Western Forest Products, 118-1334 Island Highway, Campbell River, B.C.,V9W 

8C9, 250-286-4106, BBeese@WesternForest.com 

 

Kim Iles, 412 Valley Place, Nanaimo, BC V9R 6A6, 250-753-8095, kiles@island.net 
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Appendix I: Schematic depiction of experimental and edge sites 

 
 

Edge study sites are established on homogenous sites and consist of 9m wide transects 

extending up to 50m into an opening and 5m into a variable retention patch or edge. Some sites 

transects were also established around individual trees. Areas were selected purposefully to elicit 

an edge effect response, i.e. stands were dense. Trees are all of the same seed-source/stock type. 
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Table 1. Listing of Experimental Sites maintained by Western Forest Products. 

Name Area Planted Species Type Class %Retention 

TM188 Stillwater  Mar 

2002 

(caged 

Mar 

2003) 

Fir 80%, 

cedar 

10% 

Dispers

ed 

Main 5,10,30,100,0  

TM128 Stillwater  Mar 

2002 

(caged 

Mar 

2003) 

Fir  Dispers

ed 

Suppl

ement

al 

5,15,0  

OP38250 North 

Island  

Aug 

2002 

(cedar 

vexared 

Aug 

2002) 

Hemloc

k  80%, 

cedar 

20% 

Group 

retentio

n 

Main 10,20,30,0, 100  

OP5599 Port 

McNeill  

April 

2006 

Hemloc

k  

Group 

Size 

Main Large, small, 

medium,0,100  

GI100/GI100

b 

Stillwater  Oct 

2005 

(to be 

vexared

) 

Fir Group 

Retenti

on 

Main 10,20,30,0, 100  

OP0185 North 

Island  

Aug 

2005 

(vexare

d Oct 

2005) 

Fir Group 

Remova

l 

Main 0,100, <1ha patches 

in 4 sizes (0.1-1ha) 

OP HD216 Queen 

Charlottes  

May 

2006 

Hemloc

k  

Group 

Size 

Main Large, small, 

medium,0,100  
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LL55 Stillwater  Mar 

2002 

Fir cedar Dispers

ed 

Suppl

ement

al 

5,15,0  

OP862222 Franklin 

(Klanawa) 

March 

2006 

Hemloc

k cedar 

Group 

Size 

Main Large, small, 

medium,0,100  

MH4902 Malahat  Mar 

2005 

Fir Mixed 

disperse

d, group 

Suppl

ement

al 

10% group and 10% 

mixed (5% 

dispersed, 5% 

group). 

 

 

Table 2. List of maintained Edge Study sites 

Opening 

Name 

Division/ 

Operation 

#Transects, 

type 

Bearing Esta

b 

Species 

1) 

Newstead 

370-1 

N370-1 

 

West 

Island  

4, edge N,S,E,W 1999 Hw 

2)  

Newstead 

300-5 

N300-5 

 

West 

Island  

1,edge N 1999 Cw 

3)  Stove 

Creek 

AV22410

4 

Mid Island  12,tree N,S,E,W 1999 Fd 

4) 

Nimpkish 

Hookup 

5521 

Port 

McNeill  

4,patch N,S,E,W 2000 Ss,Ba,Hw,Cw 
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5) M-22     

5409 

Port 

McNeill  

4,patch N,S,E,W 2000 Ss,Ba,Hw,Cw 

6)  347 North 

Island 

16,patch,ed

ge 

N,S,E,W 1999 Hw 

7) 1706-

China 

Creek 

South 

Island 

4,patch N,S,E,W 2000 Fd 

8) Br 90  

3525 

 

Sproat  4,patch N,S,E,W 2000 Fd 

9)  Branch 

112A OP 

4524 

Sproat  12,patch N,S,E,W 2001 Fd 

10)  J1 /JD 

Chemainu

s 631 

South 

Island 

3,patch N,S,E 2001 Fd 

11)  

RatDog   

632 

South 

Island 

4,patch N,S,E,W 

fertilized/ 

unfertilize

d 

2001 Fd 

12)  

Melrose 

12       

(227) 

South 

Island 

4,patch, 

tree 

N,S,E,W 

fertilized/ 

unfertilize

d 

2002 Fd 

13)  3015 

Nanaimo 

Lakes 

South 

Island 

4,patch N,S,E,W 

fertilized/ 

unfertilize

d 

2003 Fd 

14)  ST42, 

Thunder 

Main 

South 

Island 

4,edge N,S 1999 Fd/Cw 



FSP Y081264 Executive Summary 

 

11 

 

15)  Iron 

River 

Caribou 

834304 

South 

Island 

4,edge N,S,E,W 1999 Fd 

16)  

Nanaimo 

Lakes Rd 

816 

South 

Island 

4,edge N.S.E.W 1999 Fd 

17)  BB 

Main 

877 

South 

Island 

4,patch N.S.E.W 1998 Fd 

18) 

McCloud 

Road 

429 

 

 

South 

Island 

4 at each of 

3 dispersed 

trees 

N,S,E,W 1998 Fd 

19)  

C1500 

South 

Island 

4 edge and 

4 dispersed 

N,S,E,W 1999 Fd 

 

Notes: 

unless stated “Estab” signifies end of 1
st
 year of growth e.g. 2001 means planted spring 2001. 

Type: 

tree: transects established around individual trees 

patch: transects established around variable retention patches 

edge: transects established at stand edges. 

 

 

 


