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Abstract 
One of the key issues facing forest resource planners throughout BC is the 
conservation and promotion of old-growth characteristics in managed forest 
landscapes.  The economic viability of the relatively young forest products 
industry in British Columbia is dependent on the continued harvesting of old-
growth or previously unharvested forest. Yet, consumers, environmental 
organizations, and BC residents alike have made it abundantly clear that the 
preservation of old-growth forests is essential for the industry to maintain its 
social license to harvest on public lands. 
The primary long-term objectives of the proposed project are twofold.  The first 
is to utilize the large quantities of field data that have been collected in second-
growth stands as part of the BC Ministry of Forests and Range (BC MoFR) 
Ecosystem Recovery Project to evaluate the application of the existing ecosystem 
management model FORECAST for use as a decision-support tool in landscape 
planning with respect to the development and maintenance of old-growth 
characteristics in the target forest types and regions with an emphasis on stand 
elements associated with wildlife habitat quality. The second is to develop a suite 
of old-growth indicators and indices for use within the modeling framework 
based on our current understanding of the attributes of old growth forests and 
how they relate to biodiversity.  

A chronosequence analysis of structural attribute development in second growth 
stands was completed for CWHvh sites on the north coast of BC and ICHmc 
sites located in northwestern BC for the purpose of model development and 
evaluation. Data were derived from 25 CWHvh2 field plots 59 ICHmc field plots 
sampled as part of the Ecosystem Recovery Project. Plots included within the 
chronosequence ranged in age from 25 to 400 years since disturbance. Variables 
examined with respect to model development and testing included total volume, 
large diameter snags (25-50cm, 50-75cm and > 75cm dbh), and total accumulation 
of coarse woody debris and shrub cover .  

An evaluation of FORECAST was completed for both the CWHvh and ICHmc 
subzones based on its ability to reproduce the temporal patterns of development 
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of specific old-growth attributes associated with specific stand types and 
disturbance regimes. The model evaluation results presented here provide clear 
support for the use of the FORECAST model for projecting the development of 
structural old-growth attributes in second-growth stands of the CWH vh and 
ICH mc subzones in the Prince Rupert Forest Region.  Specifically, the model 
performed well for projecting the rate of recruitment for large live stems, large 
diameter snags and CWD debris.  More work needs to be done to evaluate the 
capability of the model to project the development of late seral shrub cover and 
various measures of structural diversity.  It should be made clear that the model 
requires significant training to use it properly. 
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1. Introduction 
One of the key issues facing forest resource planners throughout BC is the 
conservation and promotion of old-growth characteristics in managed forest 
landscapes.  The economic viability of the relatively young forest products 
industry in British Columbia is dependent on the continued harvesting of old-
growth or previously unharvested forest (Beese et al. 2003). Yet, consumers, 
environmental organizations, and BC residents alike have made it abundantly 
clear that the preservation of old-growth forests is essential for the industry to 
maintain its social license to harvest on public lands. These issues continue to be 
debated with the ongoing development of the North Coast and Central Coast 
Land and Resource Management Plans (LRMPs) 
(http://ilmbwww.gov.bc.ca/ilmb/lup/lrmp/index.html). While stakeholders in 
the LRMPs generally agree on this goal in principle, there is still much 
uncertainty with respect to the development of specific management practices, 
criteria, and indicators to be employed towards this end.   

One approach to dealing with this dilemma has been the development and 
application of new silviculture systems such as variable retention harvesting 
designed to maintain within-block, large live trees with the objective of 
mitigating the prolonged loss of old-forest structure associated with clearcut 
harvesting. While these systems have showed some promise in addressing this 
issue in the short-term (e.g. Beese et al. 2003), we lack the long-term field 
experience with such systems required to effectively project their long-term 
impacts on the growth and development of forest resources and associated 
values. In the meantime there are significant areas of previously harvested or 
otherwise disturbed ‘second-growth’ stands distributed throughout the Central 
and North Coast forest regions. As these forests continue to develop and mature 
they too will develop or have already begun to develop old growth attributes 
and thus should be accounted for, to an appropriate degree, within existing 
forest resources inventories.   
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Despite the fact that “old” forests are widely recognized as reservoirs of 
biodiversity containing a wide range of unique habitat structures, the definition 
and quantification of these and other attributes that qualify a forest as “old-
growth” have been notoriously difficult to define and quantify in the context of 
forest resource planning (Kimmins 2003). Presently, the lack of viable 
alternatives has forced managers to rely upon estimated stand age as the 
principal determinant of “old growth” with somewhat arbitrary thresholds 
based on expert opinion.  This is further problematic as habitat relationships of 
old-growth-associated species are typically understood in terms of structural 
characteristics as opposed to age itself (e.g. Wells 1996; Mosseler et al. 2003). The 
use of normalized old-growth indices (OGIs) has been suggested by several 
authors as a good alternative for quantifying the old-growth characteristics in 
managed landscapes. However, these have been shown to be ecosystem specific 
and are only effective if supported by extensive regional field data (Mosseler et 
al. 2003).  

The Ecosystem Recovery Project, established by the BC Ministry of Forests in 
2003, was developed to assess how quickly specific old-growth characteristics 
can develop in second-growth stands resulting from both harvesting and natural 
disturbance agents by sampling a wide variety of stands of many ages, site 
qualities, and species combinations. Measurements have included overstory and 
understory vegetation species and cover, CWD surveys, timber cruise plots for 
volume, stems per ha by diameter class and species, etc., seedling surveys, 
epiphyte surveys on sample trees, soil descriptions and soil faunal sampling.  
Efforts to date have been focused in the coastal western hemlock (CWH) zone of 
north/central BC but funding has been recently increased to expand the project 
into several other zones including the ICH and SBS in the northern interior in 
2007.  

To effectively harness the knowledge derived from this extensive database and 
extend it to landscape planning operations, it is necessary to go beyond 
summarizing the data and basic statistical analysis.  The effective extrapolation 
and extension of this information to support sustainable forest planning requires 
the development and use of scientifically credible decision-support tools.  Such 
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tools should allow for the representation of ecosystem development following 
various management activities and should be able to project trends with respect 
to the development of old-growth stand characteristics as defined by an 
appropriate suite of indicators and/or old-growth indices. The FORECAST 
(Kimmins et al. 1999) model and its spatially explicit, watershed-scale derivative 
LLEMS (Seely 2005) have been developed for such applications and have been 
used within the BC forest industry in developing SFM plans (e.g. Seely et al. 
2004, Welhem et al. 2004).  However, to gain confidence in model projections it is 
necessary to validate or evaluate output against field observations.  The 
Ecosystem Recovery Project provides this opportunity. 
 

1.1 Project Objectives 
Long-term Objectives 

The primary long-term objectives of the proposed project are twofold.  The first 
is to utilize the large quantities of field data that have been collected in second-
growth stands as part of the Ecosystem Recovery Project to evaluate the 
application of the existing ecosystem management model FORECAST for use as 
a decision-support tool in landscape planning with respect to the development 
and maintenance of old-growth characteristics in the target forest types and 
regions with an emphasis on stand elements associated with wildlife habitat 
quality. The second is to develop a suite of old-growth indicators and indices for 
use within the modeling framework based on our current understanding of the 
attributes of old growth forests and how they relate to biodiversity. 

 

Specific Objectives 
1. Utilize field data generated from the Ecosystem Recovery Project to 

parameterize an existing calibration datasets for the FORECAST model for 
the vh subzone of the CWH zone and the mc subzone of the ICH zone. 
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2. Develop a suite of old growth indices (OGIs) to quantify and compare 
attributes of individual stands and associated silviculture systems / 
disturbance agents.  

3. Evaluate model performance in terms of its capability to project observed 
trends in selected stand attributes 

4. Prepare Final report showing results of model evaluation for both the 
CWHvh and ICHmc subzones 

 

2. Methods 

2. 1 Model Description 
FORECAST is a management-oriented, stand-level forest growth and ecosystem 
dynamics simulator. A detailed description of the FORECAST model is provided 
in Kimmins et al. (1999) and only a summary is provided here. The model was 
designed to accommodate a wide variety of harvesting and silvicultural systems 
in order to compare and contrast their effect on forest productivity, stand 
dynamics and a series of biophysical indicators of non-timber values including 
snags, shrub cover, coarse woody debris and ecosystem carbon storage among 
others. Projection of stand growth and ecosystem dynamics is based upon a 
representation of the rates of key ecological processes regulating the availability 
of, and competition for, light and nutrient resources (a representation of moisture 
competition is being completed but was not included in this study). The rates of 
these processes are calculated from a combination of historical bioassay data 
(biomass accumulation in component pools, stand density, etc.) and measures of 
certain ecosystem variables (e.g. decomposition rates, photosynthetic saturation 
curves) by relating ‘biologically active’ biomass components (foliage and small 
roots) with calculations of nutrient uptake, the capture of light energy, and net 
primary production. Using this ‘internal calibration’ or hybrid approach, the 
model generates a suite of growth properties for each tree and plant species to be 
represented. These growth properties are subsequently used to model growth as 
a function of resource availability and competition. They include (but are not 
limited to): 1) photosynthetic efficiency per unit foliar N content based on 
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relationships between foliage biomass (and N content), simulated self-shading, 
and net primary productivity after accounting for litterfall and mortality; 2) 
nutrient uptake requirements based on rates of biomass accumulation and 
nutrient concentrations (derived from literature and field estimates) in different 
biomass components on different site qualities; 3) light-related measures of tree 
and branch mortality derived from stand density input data in combination with 
simulated light profiles.  
FORECAST performs many of its calculations at the stand level but it includes a 
submodel that disaggregates stand-level productivity into the growth of 
individual stems with user-inputted information on stem size distributions at 
different stand ages. Top height and diameter at breast height (DBH) are 
calculated for each stem and used in a taper function to calculate total and 
individual stem gross and merchantable volumes.  
 Decomposition and nutrient cycling are simulated in FORECAST using a 
method in which specific biomass components are transferred at the time of 
litterfall or mortality to one of a series of litter types. Each litter type has unique 
properties in terms of decomposition rates, nutrient concentrations and humus 
formation.  Decomposition rates of the specific litter types are defined based on 
the results of extensive field incubation experiments conducted across British 
Columbia and Canada.  Mean residence times for active and passive humus 
types are estimated from climate data utilizing a Q10 multiplier. Residence times 
for ecosystem types within British Columbia typically range from 25 to 50 years 
for active humus and 400 to 750 years for passive humus.   
 The model employs a mass balance approach to track the total pool of 
nutrients within the ecosystem and the import or export of nutrients to and from 
the ecosystem. Nutrient storage, and release from decomposing litter and soil 
organic matter into the plant available pool represents the largest source of 
nutrients for uptake by plants. Plant nutrient demand for new growth is satisfied 
from this pool and by simulated translocation from older tissues. Growth of 
plants (trees, herbs, shrubs and bryophytes) is limited by the availability of 
nutrients if the supply from uptake and translocation is less than that required to 
support the expected annual biomass increment. Actual growth rate is restricted 
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to an increment level supported by the simulated uptake plus that obtained from 
translocation. 
 

2.2 Selection of tests sites and ERP plots for model evaluation 
Tests sites were selected based on the availability of sampling data from the 
Ministry of Forests and Range’s Ecosystem Recovery Project (ERP) led by Allen 
Banner in the Smithers office of the Prince Rupert Forest Region.  The bulk of the 
sampling for this project had been conducted in the CWHvh subzone in the 
North Coast of BC and in the ICHmc subzone of northwestern BC.  Thus, these 
locations were selected for model application and evaluation. 

2.2.1 CWHvh 
The CWHvh subzone in the Prince Rupert Forest Region consists exclusively of 
the vh2 variant and it was used as the focus for model application.  The CWHvh2 
variant is very wet forest type with significant exposure to salt spray and marine 
conditions. The dominant tree species are western redcedar, western hemlock 
and yellow cedar.  The ERP plots were located in the 01, 04 and 05 site series.  
The 04 and 05 site series tend to be much better drained and are therefore 
generally more productive.  The dominant shrub species include salal and 
various vaccinium species (Banner et al. 1993).  The disturbance regime in the 
variant is primarily a gap dynamics system with occasional significant 
windthrow events. 
Plots were excluded from the model evaluation exercise of the proportion of 
volume contained in residual stems was greater than 15%.  This was done to 
limit the effect of competition from Residual stems on the growth and 
development of second-growth stems in these so-called second-growth stands. A 
total of 25 plots were selected for model evaluation with ages ranging from 50 to 
180 years since disturbance. Additional data from old growth sites from the BC 
Ministry of Forests and Range Biogeoclimatic Ecosystem Classification (BEC) 
plot network have also been included to expand the analysis to provide a 
reference for old-growth sites. 



 10 

2.2.2 ICHmc 
The ICHmc subzone, as described by Banner et al. (1993) is drier, less snowy, and 
has relatively warmer summers than the ICHvc. Seral forests are extensive at low 
elevations because of a history of recurring fire. The subzone spans an elevation 
range between 350 and 1100m and consists of three variants (mc1, mc1a, mc2). 
Various vaccinium species account for the dominant shrubs in these sites. For the 
purposes of the modelling exercise the variants were lumped together.  ERP 
plots covered many different site series but for the purpose of consistency, site 
seris for model evaluation were limited to 01 and 03 sites.  Plots with low stand 
density (assessed using a sliding scale based on age) were excluded from the 
evaluation as were plots with greater than 25% deciduous content. A total of 59 
plots were selected for the model evaluation. The selected plots ranged in age 
from 25 to 400 years since disturbance. The species breakdown in the 01 and 03 
sites is shown in Table 1. The 03 sites were considered separately from the 01 as 
they tend to be more productive.  
 
Table 1. Species breakdown by site series in the ERP plots selected for model 
evaluation. Deciduous species consisted primarily of birch and aspen. 

Site 
Series %Hw +Ba %S Bl% %Pl %Cw %Dec 

01 60% 14% 1% 16% 6% 3% 
3 29% 46% 16% 1% 3% 5% 

 
 

 
 

2.3 Chronosequence analysis of stand structural variables 
For both subzones the ERP plot data were analyzed using a chronosequence 
approach to examine temporal patterns in change as second growth stands 
developed toward old-growth conditions.  Due to differences in data availability 
and quality a slightly different set of structural variables were examined in the 
CWHvh subzone relative to the ICH mc1. These variables were selected based on 
a literature review old-growth indices (Appendix 1) and because they have been 
identified as important stand elements associated with biological diversity in 
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coastal forests (Kremsater 2003).  Variable selection was also limited by the types 
of variables that could be reasonably simulated within a forest growth model 
such as FORECAST.  
 

• Variables examined for the CWHvh subzone with respect to model 
development and testing included total volume, large diameter snags (25-
50cm, 50-75cm and > 75cm dbh), total new accumulation of coarse woody 
debris and shrub cover.  
 

• In the case of the ICHmc subzone variables included: total volume and 
density of live stems > 25cm dbh, total volume and density of live stems > 
50cm dbh, large diameter snags (25 and 50cm dbh thresholds) and total 
accumulation of coarse woody debris. Total variance in stem dbh and the 
index of dispersion (variance / mean) were also calculated as a measure of 
structural diversity in the ERP plots. 

 

2.4 Model application and evaluation 
The FORECAST model has been calibrated for many of the BEC zones and 
subzones throughout BC.  Existing calibration datasets for the CWHvh and the 
ICH zone were used for this project.  Complete descriptions of FORECAST 
calibration are provided elsewhere (e.g. Kimmins et al. 1999 and Seely 2004).  
In applying the model is necessary to establish initial conditions that are 
representative of the specific sites to be modeled.  This was done independently 
for each of the site series to be represented in the model (CWHvh: 01, 04, 05; 
ICHmc: 01, 03). The species breakdown for each simulation was determined from 
an analysis of species composition in the associated ERP plots (e.g. Table 1). 
Lastly a specific disturbance regime consisting of snag-producing mortality 
events (e.g.  death from insects and or disease) and log-producing mortality 
events (windthrow) was determined for each simulation based on estimations of 
natural regimes for each subzone (Banner et al. 1993) and evidence from patterns 
of snag and CWD accumulation in ERP plot data for each site series. 
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An evaluation of FORECAST has been completed based on its ability to 
reproduce the temporal patterns of development of specific old-growth attributes 
associated with specific stand types and disturbance regimes. 
 
 

2.4.1 Simulation of CWHvh ERP sites 
A series of simulations were conducted to represent average conditions observed 
in ERP plots grouped by site series. Regeneration assumptions for each site series 
run are shown in table 2. Initial densities were estimated from density data 
observed in ERP plots. A population of salal was established at the start of the 
simulation for the 01 and 05 sites while a population of a general vaccinium 
shrub was initiated in the 04 site. These shrub selections are consistent with 
vegetation cover descriptions provided in Banner et al. (1993). Shrubs were 
reinitiated after each windthrow event (see below).  
Each simulation included a representation of endemic natural disturbance events 
with snag-producing mortality events beginning around year 40 with a 3-4% 
mortality rate every 15-20 years and windthrow events beginning in year 130 and 
with a 20% blow-down rate every 50 years. Model output for gross volume, 
coarse woody debris and large diameter snags was compared against field data 
from Ecosystem Recovery Project (ERP) and BEC sites.  
 
 
Table 2. Description regeneration assumptions and initial stand conditions used 
the simulation runs for each site series.   

Description 
Site 

Series SI 
Initial 

Density Sp1  Sp2 Sp3 
Sp1 
% 

Sp2 
% 

Sp3 
% 

01 Harvest 01 20 3000 Hw Cw Ba 55 30 15 
05 Harvest 05 24 1200 Hw Ba Ss 45 35 20 
04 Harvest 04 26 2200 Hw Ba Ss 70 20 10 
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2.4.2 Simulation of ICHmc ERP sites 
A series of simulations were conducted to represent average conditions observed 
in ERP plots grouped by site series. Regeneration assumptions for each site series 
run are shown in table 3. Initial densities were estimated from density data 
observed in ERP plots. In both the 01 and 03 simulations a 2nd cohort of the 
leading species was established approximately 5 and 10 years following the 
initial cohorts, respectively, to allow for a greater range in initial stem sizes. A 
population of a general vaccinium shrub was initiated at the start of each 
simulation and following each windthrow event (see below). 
Each simulation included a representation of endemic natural disturbance events 
with snag-producing mortality events beginning around year 30. In the 01 site 
simulation the following regime was implemented: a snag-producing mortality 
rate of 6% mortality rate every 20 years and windthrow events beginning in year 
85 with an 8% blow-down rate and recurring every 50 years. In the 03 site 
simulation the following regime was implemented: a snag-producing mortality 
rate of 4% mortality rate every 20 years and windthrow events beginning in year 
85 with a 10% blow-down rate and recurring every 50 years. 
 
 
 
Table 3. Description of regeneration assumptions and initial stand conditions 
used the simulation runs for each site series. In the case of the 01 site about half 
of the hemlock were initiated as a separate cohort 5 years after the initial cohorts 
established.  In the case of the 03 site, 1/3 of the spruce were initiated as a 
separate cohort 9 years after the initial cohorts established.   
 

Description 
Site 

Series SI 
Initial 

Density 
Sp
1  

Sp
2 

Sp
3 

Sp
4 

Sp1
% 

Sp2
% 

Sp3
% 

Sp4
% 

01 Harvest 01 20 1600 Hw S Pl Ep 70 15 10 5 
03 Harvest 03 24 1500 S Hw Bl Ep 50 30 13 7 
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3. Results and Discussion 
 

3.1 Evaluation of CWHvh simulations 

3.1.1 Gross Volume accumulation 
An evaluation of gross volume accumulation for an age sequence provides a 
useful measure of the productivity of different sites. Figure 1 shows total gross 
volume from second-growth trees in each of the ERP plots grouped by site series.  
The most significant source of variation in these data is derived from differences 
in the amount of residual trees (trees retained from the previous stand prior to 
the stand initiating disturbance).  Sites with a large retention of residual trees 
tend to have reduced volume in second-growth trees because of the competition 
for space and resources imposed by larger residual stems.  To reduce this source 
of variation, plots that did not have at least 85% of the total gross volume from 
second-growth trees were excluded from the analysis (Figure 2). Other sources of 
variation resulted from differences in stand disturbance history, differences in 
stand density, and errors in plot age estimation.  Mean volume data from BEC 
plots with similar site series (grouped by broad age class) were included to 
expand the age range. In general, 04 sites were the most productive followed by 
05 and 01 sites, respectively.  Data from the BEC plots suggest that volume 
accumulation is limited and probably reduced over the long-term by disturbance 
factors, which limit potential volume accumulation based on site resources and 
climate.  For example, yield tables for managed stands indicate that 04, 05 sites 
series within the CWHvh can accumulate volume upwards of 1800 m3 ha-1 by age 
150-200. Mean volume accumulation in the old-growth BEC plots was only 
around 800 m3 ha-1 for 04 and 05 sites and 550 m3 ha-1  for 01 site series. 
 
A comparison of gross volume accumulation from FORECAST simulations 
described in Table 2 against ERP and BEC plot data is shown in Figure 3. The 
strong impact of the 50-year windthrow events simulated in FORECAST (with 
20% blow-down rates beginning in year 130) is evident in the shape of the 
volume curves.  This level of windthrow disturbance brings the simulated 
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volume accumulation into the range of the field data but may still underestimate 
the impact of windthrow on long-term volume accumulation. Regardless, the 
pattern of volume accumulation in the model was similar to that measured in the 
field plots. 
 

 
Figure 1. Total gross volume from second-growth trees within ERP plots. 
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Figure 2. Total gross volume in second-growth trees in ERP plots in which 
second-growth trees account for at least 85% of the total volume. Mean values 
from BEC plots were also included with standard deviation shown. 

 
Figure 3. A comparison of modeled gross volume for average conditions in each 
site series against ERP plot data for second-growth stems (85% criteria applied) 
and BEC plots.  
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3.1.2 Large Diameter Snags 
The recruitment of large diameter snags was examined in the field data from 
ERP and BEC plots by grouping snags into three diameter class 25-50 cm, 50-75 
cm, and > 75 cm (Figure 4).  Among the ERP plots, only snags determined to 
have come from second-growth trees were included. These data indicate that it 
takes many years to recruit larger snags.  Model simulations show similar large 
diameter snag recruitment patterns to those observed in the field data (Figure 5). 
Simulated snag recruitment in the 01 site type seems to be under estimated by 
the model.  One reason for this may be related to the high initial stand density 
simulated in this site, which may not hold true for some 01 sites.  If the 
simulations were adjusted to represent stem recruitment in multiple cohorts, as 
was done for the ICH simulations, the trees in the initial cohorts would have 
greater average diameters and larger snags would have been produced.  
Unfortunately we ran out of time to re-run the adjusted simulations. 
 
 
 
 
 

Figure 4.  A summary of ERP snag data showing mean snag frequency in three 
diameter classes.  Each panel shows the mean values for a specific age class. 
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Figure 5. A comparison of the model simulated recruitment of large diameter 
snags (>50 cm dbh) compared to mean snag numbers from ERP and BEC plots 
for different site series groupings. Only second-growth derived snags were 
included in ERP plots. Ages for plots are estimates based on broad age class 
categories 100-200 (150) and 200+(250) 
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biased towards labeling more of the CWD as new but was the best option 
available.  A plot of total new CWD accumulation is shown in the lower panel of 
Figure 6.  Linear regression lines were fit to these data and indicate a general 
pattern of increase in CWD volume with stand age.  The 04, 05 and 06 sites 
appear to accumulate CWD more rapidly than the 01 sites.  The addition of a 
literature based estimate of CWD volume for old-growth CWHvh ecosystems 
(Fig. 6) is consistent with the slope of the regression lines. Variation in new CWD 
accumulation likely comes from classification errors (new vs. old), differences in 
the frequency of disturbance events generating new CWD in each site, and 
difference in standing volume from which to recruit new CWD. 
 
 

Figure 6. Total and new (originating from the current stand) CWD volume 
accumulation against plot age for ERP plots.  A literature-based estimate for old 
growth CHWvh stands is also shown. 
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the field.  One reason for this is that the frequency and intensity of windthrow 
events observed in the model is lower than that which occurred in these stands.  
More likely, the higher estimates of new CWD in the young stands caused by 
misclassifying old CWD as new CWD using only piece diameter as a 
determinant.   The simulation results also illustrate the importance of windthrow 
events for generating CWD as indicated by the peaks in CWD volume, which 
occur following each simulated windthrow event. 
 
 

 
Figure 7. A comparison of model projections of CWD accumulation relative to 
New CWD ERP plots grouped by site series. A literature-based estimate for old 
growth CHWvh stands is also shown. Thin lines are regression lines for plot 
data. 
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in height and the canopy closes. Then, as the stand begins to thin out due to 
stand self-thinning and other disturbance events, shrub cover would increase 
again. The model results follow this pattern (Fig. 8). However, as the field data 
indicate, these patterns can change subject to variation in disturbance intensity 
and frequency as well as differences in shade tolerance and general vigour 
among different shrub species. Populations of younger subcanopy trees can also 
limit shrub cover in situations where overstory trees have thinned out from 
disturbance events. Salal tended to dominate the shrub layer in 01 sites relative 
to vaccinium and other species in the 04 and 05 site.  More shrub cover data from 
older sites, particularly for the 04 and 05 site series, would help to clarify the 
picture of shrub cover behavior as stands age. 
 
 
 

 
Figure 8. A comparison of total shrub cover (%) in ERP plots against modeled 
shrub cover grouped by site series. 
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3.2 Evaluation of ICHmc simulations 
 
 

3.2.1 Volume and stem density by stem size 
 
The chronosequence analysis in volume accumulation in the different sites series 
of the ICHmc subzone showed that early volume production in stems > 25cm 
dbh was substantially higher in 03 sites relative to 01 sites. However by volume 
began to reach its maximum levels (between age 150 to 200 years) there was little 
difference between the site series (Fig. 9).  Model simulations showed similar 
patters between the 01 and 03 sites but the early difference in volume 
accumulation was less pronounced.  An examination of patterns in stems density 
in stems > 25cm dbh showed much different patterns between the two site series 
with the 01 sites showing a delayed and greater peak in stem density relative to 
the 03 site (Fig. 10).  The model clearly showed this trend as well.    
An examination of the accumulation of volume in stems > 50cm dbh shows that 
the 03 site has nearly double the volume in large stems relative to the 01 site (Fig. 
11).  The same pattern is evident in stand density for stems > 50cm dbh (Fig. 12).  
The model was able to reproduce the patterns for large stems (>50) observed in 
the field chronosequence data for both sites, however simulated volume 
accumulation were slightly lower in than those observed in the field data.  
 
 The difference in patterns between the site series (both in the model and likely in 
the field) is driven primarily by the higher  level of productivity in the 03 site 
relative to the 01 site but also by the difference in initial stem densities (see Table 
3).  The 01 site has a higher stand density overall and the 2nd cohort was initiated 
more quickly after the firs, relative to the 03 site, which acts to limit the growth 
rate of stems in the first cohort more so than in the 03 site.   
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Figure 9. A comparison of modeled volume accumulation in stems greater than 
25cm dbh for both 03 and 01 sites series in the ICHmc subzone. 
 
 

 
Figure. 10. A comparison of stem density in stems greater than 25cm dbh for 
both 03 and 01 sites series in the ICHmc subzone. 
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Figure 11. A comparison of modeled volume accumulation in stems greater than 
50cm dbh for both 03 and 01 sites series in the ICHmc subzone. 
 
 
 

 
Figure. 12. A comparison of stem density in stems greater than 25cm dbh for 
both 03 and 01 sites series in the ICHmc subzone. 

!"

#!"

$!!"

$#!"

%!!"

%#!"

&!!"

&#!"

!" #!" $!!" $#!" %!!" %#!" &!!" &#!" '!!" '#!"

!
"#
$
%&
'
(
)*
&

!"(+,&(-#&

!"#$&,#+%."/&0%"#$%&1234$&,5'6&

!&"()*+("

!$"()*+("

,-.+/"!&"

,-.+/"!$"

!"

#!!"

$!!"

%!!"

&!!"

'!!!"

'#!!"

!" (!" '!!" '(!" #!!" #(!" )!!" )(!" $!!" $(!"

!
"
#$
%
&
'(
%

)
'*
+
,-
.'

/0+12'+3&'

45"66'7"#$%&'60&%6'89:;%'2<*'

!)"*+,-"*-.+-*"

!'"*+,-"*-.+-*"

/01-2"!)"

/01-2"!'"



 25 

3.2.2 Large diameter snags  
 
The quantity of large diameter snags within the ERP field plots used for the 
chronosequence study was highly variable.  In addition variation increased as 
the diameter threshold for including snags increased.  This variation likely 
resulted from both the natural variability in the presence of snags in the ICHmc 
subzone and the fact the prism-based mensurational plots were probably not 
large enough to capture a feature such as large diameter snags which tend to be 
relatively infrequent compared to live trees for which the prism method was 
developed.  To address this problem of high variability, plots within the 
chronosequence were grouped into 50-year age classes. 
A comparison between model projections for snags >25cm dbh against field data 
shows that the model was able to capture the basic temporal trends in snag 
recruitment as well as the differences between the site series (Fig. 13).  The 
greater frequency of snags in the 01 sites in the model (relative to 03 sites) was 
due to the higher rate of snag-producing mortality (6% per 20-year event) 
employed in 01 site disturbance regimes relative to those used in the 03 sites 
(4%per 20-year event).  Thus, the fact that the model produced differences 
between the sites was partly due to these rate differences.  Differences were also 
related to the density of live stems with diameters greater than 25cm (Fig. 10). 
 
A comparison of snag quantities with diameters >50cm between model output 
and field data was more variable (Fig. 14).  The extremely high standard errors in 
the field data illustrate problems with respect to model evaluation.  Thus, the 
performance of the model with respect to snags > 25cm dbh is probably a better 
indicator of model performance. 
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Figure 13. A comparison of the quantity of snags with dbh > 25cm in field data 
and model ouput.  Data are shown for both site series as averages for 50-year age 
classes with standard errors indicated. 
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Figure 14. A comparison of the quantity of snags with dbh > 50cm in field data 
and model ouput.  Data are shown for both site series as averages for 50-year age 
classes with standard errors indicated. 
 
 
 

3.2.3 Accumulation of CWD 
 
Total coarse woody debris (CWD) volumes are shown for the chronosequence of 
ICHmc ERP plots grouped by site series in Figure 15. As described in Section 
3.1.3, current stand CWD was distinguished from residual CWD using diameter 
size limits.  A comparison of simulated CWD accumulation against the 
chronosequence data for “current stand” CWD is shown in Figure 16.  The model 
was able to show the greater rate of CWD accumulation in the more productive 
03 site relative to the 01 site.  Simulated quantities of CWD were slightly lower in 
the model relative to the field for the 03 sites but quite close in the 01 sites. Other 
factors that influence the accumulation of CWD include the type and rate of 
disturbance events.  Windthrow events tend to produce more CWD relative to 
snag-producing events as some potential CWD is lost via snag decay prior to 
snag fall. 
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Figure 15. Chronosequence data showing total CWD volume from ERP plots for 
both 03 and 01 site series. 
 
 
 

 Figure 16. A comparison of the accumulation of current stand (not from residual 
stems) CWD volume from the chronosequence field data against model output 
for both 03 and 01 sites. 
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3.2.3 Development of structural diversity 
 
The development of indices of structural diversity has been suggested by several 
authors as a useful method for describing old-growth characteristics (e.g. 
Staudhammer and Lemay  2001; Varga et al 2005).  As second growth stands 
develop passing through the stem exclusion phase and into the understory re-
initiation phase the diversity in stand structure tends to increase with the greater 
variation in stem size.  This variation will typically continue to increase as stands 
continue to develop towards an old-growth condition.  A number of indices have 
been developed to quantify this structural diversity including the Shannon index 
and others (Staudhammer and Lemay 2000).  These typically use stem dbh as the 

driving variable.  Here we used both total variance (σ2 ) in stem dbh and the 

index of dispersion (ID) (σ2 /µ) for stem dbh as a measure of structural diversity.  
These are used as they are relatively simple to calculate and because they 
provide a useful measure of structural diversity with respect to its relationship to 
habitat quantity and quality.   
 
The chronosequence data showed a gradual increase in both variance and the 
index of dispersion for dbh for both site series with the 03 sites greater than the 
01 sites (Figs. 17 & 18).  While the model values for these showed the same 
ranking of the sites the modeled values for variance and ID were substantially 
higher than those calculated from the field data. One likely reason for this is that 
the prism-based sampling used for the mensuration data represents a relatively 
small area that is extrapolated to a larger area.  Through this process of 
extrapolation some of the variability in stem size distributions is lost.  In contrast, 
the model represents every stem on a per hectare basis.  These results require 
further examination before any clear conclusions can be drawn. 
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Figure 17. Comparison of total variance in dbh for all stems in the field data and 
model output for both the 03 and 01 site series.  Linear regression lines are 
shown for the field data. 
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Figure 18. Comparison of the index of dispersion for dbh for all stems in the field 
data and model output for both the 03 and 01 site series.  Linear regression lines 
are shown for the field data. 
 
 

4. Conclusions 

 
The Ecosystem Recovery Project, established by the BC Ministry of Forests in 
2003 provided much useful information with respect to how quickly specific old-
growth characteristics can develop in second-growth stands resulting from both 
harvesting and natural disturbance agents by sampling a wide variety of stands 
of many ages, site qualities, and species combinations. Efforts to date have been 
focused in the coastal western hemlock (CWH) and interior cedar hemlock ICH 
zones of north/central BC and the but the project has expanded recently into 
several other zones including the SBS and the hypermartime subzones of the 
CWH on Vancouver Island. To effectively harness the knowledge derived from 
this extensive database and extend it to landscape planning operations, it is 
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necessary to go beyond summarizing the data and basic statistical analysis.  The 
effective extrapolation and extension of this information to support sustainable 
forest planning requires the development and use of scientifically credible 
decision-support tools. 

The model evaluation results presented here provide clear support for the use of 
the FORECAST model for projecting the development of structural old-growth 
attributes in second-growth stands of the CWH vh and ICH mc subzones in the 
Prince Rupert Forest Region.  Specifically, the model performed well for 
projecting the rate of recruitment for large live stems, large diameter snags and 
CWD debris.  More work needs to be done to evaluate the capability of the 
model to project the development of late seral shrub cover and various measures 
of structural diversity.  It should be made clear that the model requires 
significant training to use it properly. 
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