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Introduction 

 
In British Columbia (BC) regardless of the pre-harvest stand condition, administration of 
free growing guidelines, in some cases, may limit the number of broadleaf trees retained 
in a regenerating forest in an effort to maximize productivity (Anonymous 2002; Simard 
and Vyse 2006). This could pose a potential threat to the stability and resilience of BC’s 
forests. As Gayer (1886, p5) observed, a mixed forest condition (complex forest) is better 
able to deal with the uncertainty of future stand development and environmental risk. 
 
Because of the large array of species combinations and structure possibilities, little is 
known about the dynamics of mixed stands (Assmann 1970), but mixed species 
management historically has been associated with lower stand yields. In part this is due to 
a legacy of ambiguous reports (Tarrant 1961; Tarrant and Trappe 1971; Binkley 1983; 
Perry et al. 1987; Friviold and Mielikainen 1990; Kelty 1992; Mard 1996). As a result, 
aggressive vegetation control has been justified to enhance conifer productivity 
(Lavender et al. 1990; Wagner et al. 2001, 2005). However, more recent literature 
suggests that yields may be greater in mixed species stands than in pure stands (Frivold 
and Kloström 1999; Man and Lieffers 1999; Jonsson 2001; Legare et al. 2004; Lygis et 
al. 2004; Simard et al. 2005; Kelty 2006). It has been suggested that over a rotation, a 
mixed species stand may yield greater wood volume than a single-species stand and 
provide other stand-level benefits through species interactions (Man and Lieffers 1999). 
 
There are two mechanisms by which mixed species stands can have greater productivity 
than single species (monoculture) stands: facilitation and complementary characteristics 
(Kelty 2006). Facilitative interactions occur when one species directly benefits from 
another, e.g., N fixing tree species (alder and Douglas-fir). Species that differ in shade 
tolerance, height growth rates, crown structure, phenology and rooting depth are 
described as having complementary resource use (Haggar and Ewell 1997). Species with 
complementary characteristics have lower interspecific rates of competition than 
intraspecific rates of competition (Kelty 2006). Picea – Betula mixtures common to 
Scandinavia are a good example of managing mixed species with complementary growth 
characteristics (Bergqvist 1999). 
 
British Columbia’s free growing standards and timber supply analysis force managers to 
measure their regenerating plantations’ performance against pure conifer stands, or to 
treat all broadleaf vegetation as competition and take measures to remove it in order to 
ensure a free-growing stand (Anonymous 2002, Anonymous 2005; Simard and Vyse 
2006). A free-growing stand is defined as “a stand of healthy trees of a commercially 
valuable species, the growth of which is not impeded by competition from plants, shrubs 
or other trees” (Anonymous 2005). Lieffers et al. (2007) note that in Alberta free-to-grow 
or free-growing is an ineffective indicator of future spruce growth in a spruce-aspen 
mixedwood. 
 
Regeneration standards or free growing guidelines should complement the producer’s 
overall management plan rather than being a regulatory requirement (Lieffers et al. 
2008). Currently management plans have increasingly addressed non-timber concerns but 



this has been difficult to implement at the stand level as the goals dictated by 
regeneration standards are aimed primarily at timber production (Lieffers et al. 2008). 
Prior to removal of competing vegetation, a careful assessment of financial value (yield 
gain or loss, forest health risk after broadleaf removal), goals for stand structure, and 
conifer yield loss assessments must be conducted (Simard et al. 2004, Lieffers et al., 
2007, 2008). The removal of competing vegetation should be a sound financial 
investment rather than an administrative procedure (Lieffers et al. 2007, 2008). 
 
The overarching objective of this work is to look at the impact of birch and sometimes 
aspen on spruce growth in complex stands and assess related management and economic 
impacts (cost – benefit of various treatment options). 
 
Project purpose 

 
The overall objectives of this project are to: 
1. Determine the threshold level (density and basal area) of broadleaf (birch, aspen) 
vegetation that is deleterious to well-growing white spruce or lodgepole pine at different 
stand ages. The approach to attain this objective includes repeated measurements, 
destructive sampling of conifer and broadleaf trees, and controlled density (basal area) 
experiments; 
2. Project treatment growth over a rotation for both coniferous and broadleaf species as 
well as complex stands containing both. The goal is to link early seral stage composition 
and structure to future (desired) forest conditions. This will be done by SORTIE-ND 
modeling or TASS 3 (if available and suitable). TWIGS may be used in some cases; 
3. Determine the cost-benefit of all vegetation control methods currently used in the Fort 
Nelson, Peace, and Mackenzie Forest Districts (FD). Actual brushing costs will be used 
in conjunction with model yield projections to attain this objective; and  
4. Establish at least one controlled density experiment (PSP) in each of the three FDs for 
long term monitoring, demonstration, and use of data in cost-benefit analysis. 
 
The current year objectives were to: 
1.Re-measure TSP’s in all TSA’s to provide early seral stage growth data. 
2. Install new TSP’s in the Fort Nelson TSA to provide early seral stage growth data. 
3. Install one controlled density experiment in the Mackenzie TSA. 
4. Model mixedwood management scenarios in SORTIE-ND. 
5. Economic cost-benefit analysis based on SORTIE-ND model scenarios. 
6. Presentation of findings at the SAF Annual Meeting in November 2008 (presentation 
   made to CFS in Sault Ste Marie in October 2008 instead of SAF). 
7. Growth projections (medium to long term) based on TSP tree lists in SORTIE-ND and 

TWIGS (growth and yield models). Short term projections will be compared to 
temporal data from stands first described in 2004 and re-assessed in 2008 (4 seasons). 

8. Submit the results of the economic cost-benefit analysis to a peer reviewed publication. 
 

 

 

 



 

Management implications 
 

Management of BC’s forest resources must include not only social values such as 
employment, recreation opportunities and cultural integrity, be ecologically grounded to 
provide a continued supply of timber without compromising important qualities such as 
high levels of biodiversity, but also be economically feasible. New policy initiatives 
require rigorous scientific knowledge to demonstrate they will meet SFM (sustainable 
forest management) objectives in all forest regions of this province. 

 

The project’s aim is to determine the density of broadleaf stems (basal area too) that 
maximizes complex stand productivity, minimizes costs associated with achieving free-
growing objectives, possibly redefine free-growing objectives, models growth and 
development of complex stands, and ascertains optimal (cost-benefit) treatment regimes 
to enhance stand productivity. This provides a basis for a more strategic approach to 
brushing programs: allocating activities to areas where vegetation control is necessary 
and avoiding treatment of areas where broadleaf densities will not impact conifer growth 
or where a mixedwood complex stand is an appropriate and desirable future forest 
condition. One significant result of this approach is that there will be less herbicide usage 
at the landscape level. 

 

The Dawson Creek Timber Supply Review (TSR) of the Timber Supply Area (TSA) 
(MoF 2002) identified the need to manage mixedwood stands in order to maintain their 
attributes on the landscape – to stop “unmixing the mixedwood” forest. It has been 
suggested that the productivity of mixedwood stands is greater over the long term than 
single species or conifer regenerated stands (Man and Lieffers 1999, Wang et al. 1995, 
MacPherson et al. 2001). It has also been suggested that species mixtures (aspen-spruce, 
birch-spruce) result in greater wood volumes at harvest than stands with only one of the 
species. Further some benefits of natural stand dynamics may be realized by managing 
for complex mixtures. However the current operational ‘default’ of eliminating most or 
all broadleaf tree species is costly, it reduces species and structural diversity, and may not 
be needed in many instances (Comeau et al. 1993, 2005, Pitt et al. 2005). 

 

The cost of carrying out some brushing treatments in order to meet free-growing 
guidelines in parts of the province may be unwarranted. For example, as part of the 
Adams Lake Interfor Innovative Forest Practices Agreement (ALI-303 2002), studies 
showed the cost of brushing birch from blocks planted to lodgepole pine may be greater 
than the anticipated increase in crop tree value: a negative investment. Current free-
growing guidelines (MoF 2000) require the removal of broadleaf competition despite 
evidence suggesting that it is not always cost-effective, and does not typically result in 
higher timber volumes or better wood quality. In fact, wood quality may be 
compromised: slower crown lift, larger branches, greater taper and more forest health 
issues. 



 

Complex or intimate mixtures are seldom managed for, and when managed, tend to be 
managed poorly. The 2002 Dawson Creek TSR identified a gap in management of 
northern complex stands, and the Chief Forester stated that if these stands were not 
managed, they would be removed from the timber harvesting landbase and the allowable 
annual cut (MoF 2002). The absence of management is probably due to a limited 
understanding of the dynamic processes in complex stands and a lack of available models 
(growth and yield and successional). There is limited quantitative information available 
on i) how these stands develop during early seral stages, ii) how early stand composition 
translates to mid seral stages and future forest condition, and iii) what the short to long-
term growth and yield implications may be. 

 

A better definition of how biological values and economic considerations interact will 
lead to reduced brushing costs (manual or chemical treatments), and an increase in stand-
level and landscape-level species and structural diversity. However, the impacts of 
reduced vegetation control on growth and yield and future timber supply are not 
understood. They need to be quantified and modeled. 

 
Project start date and length of project 

 
This project commenced April 1, 2007 and is scheduled to end on March 31, 2010. 
 

Former project numbers or funding sources 
 
This project was previously funded by FSP (project number Y073305) from April 1, 
2004 to March 31, 2007. This and other projects which support this project are 
summarized in Table 1. 
 
Table 1: Northern Stands Related Projects 2004 to Present 

Project Completion Date Title 

Y073305 March 31, 2007 
Managing Northern Mixedwood Stands to Sustainably 
Maximize Productivity and Minimize Costs 

Y062304 March 31, 2006 
Managing for intimate species mixtures in BC’s boreal 
forest 

Y073090 March 31, 2007 
Sustainable mixedwood management in the sub-boreal 
spruce zone of BC 

 
Methodology overview 

 
The study sites are located in the north-east corner of British Columbia in four Timber 
Supply Areas (TSAs) ( Fort Nelson, Fort St. John, Dawson Creek and Mackenzie) in 
three Forest Districts (Fort Nelson, Peace, and Mackenzie). 
 
New Temporary Sample Plots (TSP) were established in the Fort Nelson TSA (Profit 
River site), the Fort St. John TSA (Tommy Lakes and 87 Mile Road sites) and Mackenzie 



TSA (Block 1349) using nearest individual method described in Kent and Coker (1992). 
Sample trees were accepted according to pre-determined criteria (free of major 
deformities, number of broadleaf stems within a 1.78m plot radius) in order to limit the 
sampling to crop trees free of defects in order to avoid trees that may have reduced 
growth due to forest health issues rather than broadleaf competition. TSPs were 
established according to a pre-determined broadleaf density (Table 2).   
 
Table 2: TSP plots with corresponding broadleaf density 

Broadleaf Density Number of Plots 

0 6 

1000 5 

2000 5 

3000 5 

4000 5 

5000 5 

6000-9000 10 

10000-13000 10 

>13000 10 

 
Height and diameter at breast height (DBH) of the competing trees (>1.37 m in height) 
were measured, and for crop trees, height, DBH, crown width and height to live crown 
were measured. 
 
Temporary sample plots were also re-measured in Ft. St. John (Farrell Creek site) and in 
Fort Nelson (Luyben site). 
 
Permanent single tree variable brushing radius experiments (PSP) were established in 
Mackenzie (Block 1349) and Fort Nelson (Profit River site). Prior to sampling a GPS 
grid was established for the block. The following protocol was used: 1) a representative 
spruce tree (not in alder or willow swales) nearest to the GPS grid point was selected as 
the crop tree; 2) a randomly assigned brush free radius of 0 m, 1 m, 2 m or 4 m was 
established around each crop tree; 3) prior to brushing all broadleaf and coniferous 
(including the crop tree) stems within a 4 m radius of the crop tree were measured for 
height and DBH; and 4) after brushing coniferous regeneration was tallied. Two years 
after treatment, height and DBH of the crop trees will be recorded as will be the DBH for 
the competitors. Competition and regeneration within a 4 m radius of the crop tree was 
also tallied by species. The measurements will continue every two to three years. 
 
Data were analyzed using SYSTAT® v. 12 (2007). Regression analysis was used to test 
the effect of stand density or indices reflecting stand density on DBH.  Stand density was 
represented by total stems per hectare, stand density index (SDI= ∑(DBHj/25)1.6) and 
relative density index (RDI= Basal area competitors/(QMD competitors)0.4). DBH was 
used as the primary indicator of broadleaf competition on crop tree performance. 
Microsoft Excel ® 2003 was used for organizing data and preliminary statistical analysis. 



Project scope and regional applicability 
 
A better understanding of dynamic interactions between spruce and associated broadleaf 
species in complex stands is sought. Results will strengthen ecosystem-based policies and 
regulations designed to enable licensees to make better decisions, facilitate planning, and 
be economically competitive in the northern interior. As the demand for a more 
diversified forest products industry increases, a landscape-level approach is needed to 
ensure a sustainable forest products industry. 
 
Brushing treatments to meet free-to-grow represents the largest silviculture cost in the 
Canfor-Mackenzie operating area (K Szabo, pers. comm.). Considering potential savings 
with a targeted brushing program, a higher broadleaf component could be financially 
advantageous in addition to noted biological benefits. Previous work (ALI-303, 2002) 
strongly suggests an alternative to the current free-to-grow guidelines may be more cost 
effective, productive, and ecologically sound. 
 
Interim conclusions, inference or information that might be immediately useful to 

forest practitioners and other researchers 

 
1. Preliminary findings 

 
Preliminary findings from plot data as well as regression outputs suggest spruce and pine 
have the ability to successfully deal with more broadleaf competition than had been 
previously thought (Figures 3 to 14 and Tables 3 to 14). Further it appears that 
competition thresholds may be better described by competition indices than by absolute 
broadleaf densities (Figures 1 and 2). Economic analysis of removing broadleaf species 
from spruce – broadleaf (birch) or pine – broadleaf (aspen) mixtures suggests that it is not 
always beneficial. Data collection and modeling continue in order to refine our 
observations about competition thresholds and the cost benefit of management options. 
 



2.  Relationship of SDI and RDI 

 
Using stems per ha of competing vegetation as the primary explanatory variable ignores 
the size (height or dbh) of the competing vegetation. Which is more deleterious to a 
spruce crop tree, one birch with a dbh and height respectively of 6.9 cm and 7.0 m or 
three birches with dbh and heights respectively of 2.8, 5.3 and 3.2 cm and 6.0, 6.7 and 5.9 
m? Relative density (RDI) and stand density (SDI) indices both take into account the 
number and size of competing vegetation. For the above example, RDI and SDI suggest 
the competition effect is similar for the two plots. There is a significant positive 
relationship between sph and RDI (Figure 1) and SDI (not presented) suggesting RDI or 
SDI can substitute for sph as the explanatory competition variable. 
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Figure 1. Correlation of RDI to sph for randomly selected TSP from several sites in Fort 
Nelson RDI = 0.2588 + 0.00054 * sph (F 104.392, P(F) 0.00000, r2 0.4691). 
 



There is a very close relationship between RDI and SDI (Figure 2). There was a 
significant negative correlation between spruce dbh and competition sph; dbh = 8.5877 – 
0.00027 * sph (F 4.0756, P(F) 0.0459, r2 0.0260) while the relationships between spruce 
dbh and competition SDI and RDI were both significant and positive; dbh = 7.1729 + 
0.00677 * SDI (F 8.4108, P(F) 0.0045, r2 0.0605) and dbh = 7.1715 + 0.49997 * RDI (F 
8.4252, P(F) 0.0042, r2 0.0607). As a result, only RDI – dbh relationships will be 
reported. 
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Figure 2. Correlation of SDI to RDI for randomly selected TSP from several sites in Fort 
Nelson SDI = -0.1123 + 73.8454 * RDI (F 2.6392 X106, P(F) 0.00000, r2 0.9999). 
 



3. Observed results for conifer density response in new plots established in 2008 
 
3.1  Fort St. John 
 
There was no significant relationship between competing RDI and spruce establishment 
dbh at the 87 Mile Road site (Figure 3 and Table 3). A similar observation was made for 
the Tommy Lakes TSP (Figure 4 and Table 4). 
 
3.1.1 87 Mile Road TSP 
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Figure 3: Establishment spruce DBH against RDI at 87 Mile Road, n=51 
 
 
Table 3: Significance of regression of establishment spruce dbh and RDI for various RDI 
thresholds at 87 Mile Road. 

RDI r2 F P(F) Equation 

All 0.000000 0.000522 0.981866 dbh = 0.9027 – 0.000427*RDI, n=51 

4 0.000000 0.017851 0.894368 dbh = 0.8951 + 0.005894*RDI, n=43 

3 0.000000 0.017851 0.894368 dbh = 0.8951 + 0.005894*RDI, n=43 

2 0.000000 0.453543 0.505493 dbh = 0.9266 - 0.045667*RDI, n=34 

1.5 0.000000 0.002937 0.957252 dbh = 0.9078 – 0.006529*RDI, n=25 

1 0.000000 0.464808 0.504064 dbh = 0.8662 + 0.130212*RDI, n=20 

0.5 0.148132 2.565012 0.147919 dbh = 0.9795 – 0.711056*RDI, n=10 

 
 



3.1.2 Tommy Lakes TSP 
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Figure 4.  Establishment spruce DBH against RDI at Tommy Lakes, n=52 
 
 
Table  4. Significance of regression of establishment spruce dbh and RDI for various RDI 
thresholds at the Tommy Lakes TSP site 

RDI r2 F P(F) equation 

all 0.00000 0.64634 0.42523 dbh = 3.58487 + 0.06267*RDI, n=52 

7 0.00000 0.96503 0.33075 dbh = 3.54597 + 0.08116*RDI, n=51 

5 0.00262 0.02691 0.87051 dbh = 3.70793 – 0.01764*RDI, n=43 

4 0.00000 0.00020 0.99656 dbh = 3.67141 – 0.00059*RDI, n=37 

3 0.00000 0.07896 0.78085 dbh = 3.60426 + 0.06045*RDI, n=29 

2.5 0.00000 0.61967 0.43996 dbh = 3.39483 + 0.29077*RDI, n=23 

2 0.00000 0.67703 0.42032 dbh = 3.36683 + 0..2936*RDI, n=22 

1.5 0.00000 0.00661 0.93627 dbh = 3.56857  – 0.04475*RDI,n=17 

1.0 0.15852 2.13026 0.20424 dbh = 3.05776 + 1.61937*RDI,n=7 

 
 



3.2  Mackenzie 
 
There was no significant relationship between competing RDI and spruce establishment 
dbh at the Block 1349 TSP (Figure 5 and Table 5). For the TSP at the 1349 site, the 
relation was positive and significant in one case for RDI thresholds greater than 1.5 while 
it was negative and not significant for RDI less than or equal to 1.5 (Figure 6 and Table 
6). 
 
3.2.1 Block 1349 TSP  
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Figure 5.  Establishment  pine dbh against competing RDI at the 1349 site, n=67.  A large 
diameter aspen (33cm dbh) was removed as an outlier from one plot. 
 
 
Table 5.  Significance of regression of establishment pine and RDI for various RDI 
thresholds at the 1349. 

RDI r2 F P(F) Equation 

All 0.00000 0.40373 0.52667 dbh = 1.33681 – 0.07423*RDI, n=67 

5 0.00000 2.87362 0.09531 dbh = 5.02838 – 0.07480*RDI, n=61 

4 0.00262 2.20684 0.14565 dbh = 5.17145 – 0.11991*RDI, n=40 

3 0.00000 1.35412 0.25373 dbh = 5.26693 – 0.14963*RDI, n=32 

2.5 0.00000 0.01866 0.89265 dbh = 4.87302 + 0.02898*RDI, n=23 

2 0.00000 0.06266 0.80598 dbh = 5.04216 – 0.08848*RDI, n=16 

1.5 0.00000 0.63299 0.44474 dbh = 4.43678 + 0.43797*RDI, n=12 

1 0.00000 0.60096 0.46051 dbh = 4.32144 + 0.55644*RDI, n=10 

0.5 0.00000 8.70782 0.20801 dbh = 3.10000 + 9.59060*RDI, n=3 



 
 
3.2.2 Block 1349 PSP 
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Figure 6.  Establishment pine dbh against competing RDI at the 1349 site, n=64 
 
 
Table 6.  Significance of regression of establishment pine and RDI for various RDI 
thresholds at the 1349 PSP site  

RDI r2 F P(F) Equation 

All 0.05716 4.81930 0.03190 dbh = 1.43521 + 0.08532*RDI, n=64 

3.0 0.04305 3.65442 0.06087 dbh = 1.41830 + 0.10102*RDI, n=60 

2.5 0.00619 1.35482 0.24937 dbh = 1.44559 + 0.06576*RDI, n=58 

2.0 0.00000 0.04599 0.83110 dbh = 1.47526 + 0.01525*RDI, n=50 

1.5 0.00000 0.11517 0.73620 dbh = 1.49922 – 0.03519*RDI, n=40 

1.0 0.00120 1.03474 0.31776 dbh = 1.53526 – 0.16471*RDI, n=30 

0.5 0.17350 4.14883 0.06103 dbh = 1.59564 – 0.89836*RDI, n=16 

 
 
 



3.3  Fort Nelson 
 

Generally the RDI thresholds were not significant of the Profit River establishment 
spruce dbh – RDI relationship (Figure 7, Table 7). The RDI – dbh relationship for the 
Profit River PSP were not significant except for an RDI threshold of 4 (Figure 8, Table 
8). 
 
3.3.1 Profit River TSP 
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Figure 7. Establishment spruce dbh against competing RDI at the Profit TSP site, n=72 
 
Table 7. Significance of regression of establishment spruce dbh and RDI for various RDI 
thresholds at the Profit TSP site. All relationships are insignificant except for RDI =1, 
F=7.09464, P(F)=0.01853, n=16. 

RDI r2 F P(F) Equation 

All 0.00000 0.73830 0.39314 dbh = 7.26280 + 0.12535*RDI, n=72 

6 0.00000 0.17427 0.67776 dbh = 7.31253 + 0.08168*RDI, n=65 

5 0.00000 0.28919 0.59280 dbh = 7.60198 – 0.12237*RDI, n=60 

4 0.00000 0.19396 0.66154 dbh = 7.62663 – 0.13474*RDI, n=52 

3.5 0.00000 0.26987 0.60602 dbh = 7.65867 – 0.18810*RDI, n=46 

3 0.00000 0.35848 0.55282 dbh = 7.72645 – 0.26396*RDI, n=41 

2.5 0.01715 1.61089 0.21299 dbh = 8.03138 – 0.71601*RDI, n=36 

2 0.09183 4.03338 0.05400 dbh = 8.43218 – 1.43831*RDI,n=31 

1.5 1.01051 1.24440 0.27666 dbh = 8.34789 – 0.78078*RDI, n=24 

1.0 0.28892 7.09464 0.01853 dbh = 9.00581 – 5.03014*RDI, n=16 

0.5 Not included due to outliers - few to no comp with very small dbh 



3.3.2 Profit River PSP 
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Figure 8. Establishment spruce dbh against competing RDI at the Profit PSP site, n=80 
 
 
Table 8. Significance of regression of establishment spruce dbh and RDI for various RDI 
thresholds at the Profit PSP site. Note all regressions are positive and at RDI = 4 the 
relationship between RDI and dbh is significant, P(F) =0.04870. 

RDI r2 F P(F) Equation 

All 0.02076 2.67467 0.10599 dbh = 6.80375 + 0.23984*RDI, n=80 

6 0.02109 2.59400 0.11159 dbh = 6.54367 + 0.33398*RDI, n=75 

5 0.02357 2.56888 0.11391 dbh = 6.33832 + 0.40621*RDI, n=66 

4 0.05815 4.08684 0.04870 dbh = 5.59262 + 0.71877*RDI, n=51 

3.5 0.04925 3.17583 0.08214 dbh = 5.49744 + 0.76737*RDI, n=43 

3 0.00000 0.43300 0.51639 dbh = 6.07511 + 0.45122*RDI, n=27 

2.5 0.00000 0.18212 0.67604 dbh = 5.90490 + 0.51097*RDI, n=16 

2 0.08846 0.08846 0.20828 dbh = 2.62017 + 3.04432*RDI, n=10 

1.5 0.09131 1.60260 0.26127 dbh = 1.87128 + 3.81027*RDI, n=7 

1.0  Note:  There were only 2 cases and therefore not enough variation 



4. Observed results for conifer density response in plots re-measured in 2008 

 
At the Luyben 272 site the RDI spruce establishment dbh relationship and the RDI dbh 
increment relationship was not significant for any of the RDI thresholds (Figures 9 & 10, 
Tables 9 & 10). A similar relationship was seen at the Luyben 271 site except that RDI 
threshold of 8 and 10 were significant for establishment spruce dbh and all the plots were 
significant for mean annual spruce dbh increment (Figure 11 & 12, Tables 11 & 12). This 
suggests that on these sites, stand competition had no or little impact on spruce growth 
even when stand density exceeded 5000sph at 272 and 6000sph at 271 in some cases. 
 
4.1  Fort Nelson 
 
4.1.1 Luyben TSP (272 site) 
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Figure 9. Establishment spruce dbh against competing RDI at the 272 site, n = 69. 
 
 
Table 9. Significance of regression of establishment spruce dbh and RDI for various RDI 
thresholds at the 272 site. 

RDI r2 F P(F) Equation 

All 0.0000 0.0759 0.7838 dbh = 4.0574 – 0.04822*RDI, n=69 

3 0.0000 0.0117 0.9134 dbh = 4.0443 – 0.02576*RDI, n=67 

2 0.0000 0.0735 0.7872 dbh = 4.0041 + 0.08142*RDI, n=64 

1.5 0.0000 0.0666 0.3494 dbh = 3.9972 + 0.09867*RDI, n=60 

1 0.0000 0.8928 0.3550 dbh = 4.1775 –  0.59384*RDI, n=51 

0.5 0.0000 0.8780 0.6340 dbh = 4.2963 –  1.08351*RDI, n=38 
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Figure 10: Mean annual spruce DBH growth against RDI at the Luyben (272) site. 
 
 
Table 10: Significance of regression of mean annual spruce dbh growth and RDI for 
various RDI thresholds at the Luyben (272) site. 

sph r2 F P(F) equation 

all 0.06214 3.25277 0.08044 dbh = 2.99862 – 0.20643*RDI,n =35 

4.5 0.01916 1.62522 0.21184 dbh = 2.95043 – 0.17288*RDI, n=33 

4..0 0.00000 0.19701 0.66044 dbh = 2.80339 – 0.06322*RDI,n =31 

3.5 0.00807 1.21974 0.27953 dbh = 2.92799 – 0.17335*RDI, n=28 

3.0 0.00992 1.24037 0.27690 dbh = 2.96914 – 0.21397*RDI,n =25 

2.5 0.00000 0.30636 0.58606 dbh = 2.89956 – 0.12313*RDI, n=22 

2.0 0.00000 0.92439 0.35264 dbh = 3.00029 – 0.28670*RDI, n=16 

1.5 0.00019 1.00154 0.35027 dbh = 3.13379 – 0.78213*RDI, n=9 

1.0 0.00000 0.09659 0.76647 dbh = 3.05286 – 0.31910*RDI, n=8 

0.5 0.00000 0.03350 0.86368 dbh = 2.93894 = 0.71010*RDI, n=6 



4.1.2 Luyben TSP (271 site) 

0 5 10 15 20

RDI

0

1

2

3

4

5

6

7

8

9

10
S

w
 e

s
ta

b
lis

h
m

n
e
t 
d
b
h
 

 
Figure 11. Establishment spruce dbh against competing RDI at the 271 site, n = 68. 
 
 
Table 11. Significance of regression of establishment spruce dbh and RDI for various 
RDI thresholds at the 271 site. 

RDI r2 F P(F) Equation 

All 0.0000 0.1089 0.7424 dbh = 5.5948 – 0.01377*RDI, n=68 

10 0.0491 4.0456 0.0489 dbh = 5.9248 – 0.16004*RDI, n=60 

8 0.0518 4.0588 0.0488 dbh = 5.9866 – 0.19724*RDI, n=57 

5 0.0043 1.2022 0.2786 dbh = 5.9789 – 0.18691*RDI, n=48 

4 0.0000 0.1046 0.7479 dbh = 5.8454 – 0.06292*RDI, n=45 

3 0.0000 0.2963 0.5896 dbh = 5.6568 + 0.15581*RDI, n=38 

2 0.0000 0.1801 0.6747 dbh = 5.8367 – 0.19709*RDI, n=29 

1.5 0.0000 0.0020 0.9648 dbh = 5.7544 + 0.02861*RDI, n=24 

1 0.0000 0.9354 0.3488 dbh = 5.6063 +  1.08967*RDI, n=17 

0.5 0.0537 1.5675 0.2421 dbh = 5.7300 –  5.22200*RDI, n=11 
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Figure 12. Mean annual spruce DBH growth against RDI at the Luyben (271) site.  
 
 
Table 12. Significance of regression of mean annual spruce dbh growth and RDI for 
various RDI thresholds at the Luyben (271) site. Only the regression which encompasses 
all RDI is significant, all others are non-significant, and note positive slopes for 1 and 0.5 
RDI. 

sph r2 F P(F) Equation 

all 0.08118 5.3294 0.0253 dbh = 0.7892 – 0.0139*RDI, n=50 

4 0.02068 1.6970 0.2020 dbh = 0.8362 – 0.03779*RDI, n=34 

3 0.04196 2.1827 0.1516 dbh = 0.8562 – 0.06573*RDI, n=28 

2 0.01093 1.2209 0.2830 dbh = 0.8669 – 0.06640*RDI, n=21 

1.5 0.00000 0.0505 0.8250 dbh = 0.8504 – 0.01876*RDI, n=18 

1 0.00000 0.6093 0.4515 dbh = 0.8343 + 0.10128*RDI, n=13 

0.5 0.00000 0.9226 0.3739 dbh = 0.8429 + 0.32397*RDI, n=8 



4.2  Fort St. John 
 
At the Farrell Creek TSP the RDI establishment spruce dbh relationship was significant 
at thresholds of all the plots and an RDI = 1 (Figure 13, Table 13). The relationship 
between mean annual spruce dbh growth and establishment RDI was not significant 
except when all the plots were utilized (Figure 14, Table 14). As with the Fort Nelson re-
measures, this suggests that spruce growth was not impacted by broadleaf competition 
even though densities exceeded 6000 sph in some of the plots. 
 
4.2.1 Farrell Creek TSP 
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Figure 13: Establishment spruce DBH against RDI at Farrell Creek, n=65 
 
 
Table 13: Significance of regression of establishment spruce dbh and RDI for various 
RDI thresholds at Farrell Creek. 

RDI r2 F P(F) Equation 

All 0.059110 5.020726 0.028580 dbh = 7.2873 – 0.256824*RDI, n=65 

4 0.000000 0.018466 0.892455 dbh = 6.8945 – 0.028328*RDI, n=52 

3 0.000000 0.426013 0.517781 dbh = 6.6272 + 0.884570*RDI, n=41 

2 0.000000 0.093358 0.762959 dbh = 6.6236 + 0.175487*RDI, n=23 

1.5 0.075738 2.147213 0.166593 dbh = 7.4265 – 1.270647*RDI, n=15 

1 0.420272 7.524519 0.025328 dbh = 7.9482 – 2.987861*RDI, n=10 

0.5 0.337893 2.530992 0.252608 dbh = 7.9333 - 6.434181*RDI, n=4 
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Figure 14:  Mean annual spruce DBH growth against RDI at Farrell Creek, n=59 
 
 
Table 14: Significance of regression of mean annual spruce dbh growth and RDI for 
various RDI thresholds at Farrell Creek. 

RDI r2 F P(F) Equation 

All 0.079787 6.028879 0.017147 dbh = 0.2667 – 0.010329*RDI, n=59 

4 0.000000 0.396025 0.532331 dbh = 0.2575 – 0.004500*RDI, n=47 

3 0.072508 3.736166 0.061610 dbh = 0.2755 - 0.018421*RDI, n=36 

2 0.000000 0.409080 0.530074 dbh = 0.2666 - 0.010493*RDI, n=21 

1.5 0.000000 0.001824 0.966635 dbh = 0.2604 – 0.001309*RDI, n=14 

1 0.003106 1.024927 0.345060 dbh = 0.2488 + 0.050079*RDI, n=9 

0.5 0.000000 0.035714 0.867547 dbh = 0.2555 – 0.030639*RDI, n=4 

 
 



5.0 Economic Analysis 

 
Growth and yield and economic analysis were done for the Beaver and Klua sites 
(measured in March and April 2008, 2 and 3 year measurements respectively). Two 
growth models were used: TWIGS and TIPSY. TWIGS (Miner et al. 1988), developed by 
the US Forest Service, models complex stand growth, bases its projections on permanent 
sample plot data and is aspatial.  Pure spruce growth was also projected in TIPSY, a 
spatial model, – the standard growth and yield model used in BC (Mitchell 1975, 
Mitchell et al 1992, 2004). Tree lists and site indices for use in the models were generated 
from TSP plot data. Based on Nigh and Love’s (2000) equation, the spruce site index for 
the Beaver site is 30 m at 50 years while it is 25 m for the Klua site. Six tree lists with a 
range of birch densities were projected for the Beaver site while eight tree lists were 
projected for the Klua site (Table 15). One thousand sph of spruce were projected with 
each birch density at both sites.  All tree lists containing birch had a removal cut of all the 
birch in 2004 or 2005, to simulate broadcast vegetation control – either chemical or 
manual, and the projections were rerun.  
 
NPV value was determined for all the spruce – birch stocking scenarios. The economic 
parameters used were, margin $50 per m3 (return to producer after all logging and 
manufacturing costs were accounted for), stand establishment cost $1650 per ha, initial 
aerial herbicide $320 per ha, spruce stumpage $30 per m3, second aerial herbicide 
(remove birch) $320 per ha, manual brushing to remove birch $700 per ha, and a real 
interest rate of 3%. Hawkins et al. (2006) suggest that a real interest rate of 3% is a 
reasonable social rate and no sensitivity analysis was done.  
 
Yield projections were different between the two models at the Beaver site (Figure 15). 
Similar yield responses were observed among the models for the Klua site (not 
presented). The presence of birch, regardless of amount, enhanced spruce growth in 
TWIGS. TIPSY yield was similar to the pure spruce yield in TWIGS until about age 40 
(age 50 for Klua) and then it surpassed the TWIGS yield. 
 
If all the birch was removed from the stands at the Beaver site, yields in TWIGS were all 
reduced to the level of the pure spruce stand (Figure 16). Again, yields were comparable 
to TIPSY yields for about the first 40 years. Similar results were observed at Klua (not 
presented).  
 
If the difference in NPV of the various stand types are compared pre and post birch 
management (NPV untreated – NPV treated for a given birch density). The TWIGS 
results suggest that aerial herbicide or manual brushing was not a good investment for 
these stand types (Figure 17). There was no NPV difference between the pure spruce with 
and without herbicide treatment: it would not be used on a pure stand. For comparison 
NPV (with and without birch), charts with a positive NPV suggest brushing is 
economically beneficial while a negative NPV suggests it is not. Not unexpectedly, 
manual brushing results in a poorer economic result than does aerial herbicide application 
(Figure 18). Economic findings were similar for the Klua site, the cost of the second 



brushing, be it herbicide or manual treatment, did not result in a commensurate increase 
in spruce growth to offset the brushing treatment cost. 
 

Table 15. Mean (± SEM) DBH and height of spruce and birch by density class when the 
plots were established at the Beaver site in 2004 and the Klua site in 2005.  

Birch density Height, m DBH, cm 

Beaver site 2004 

 Spruce Birch Spruce Birch 

0 5.28 (0.53)  8.36 (0.21)  

1000 5.19 (0.18) 5.14 (0.25) 7.31 (0.44) 4.44 (0.36) 

2000 5.38 (0.15) 5.14 (0.24) 7.61 (0.42) 4.15 (0.38) 

3000 5.28 (0.26) 4.59 (0.18) 7.15 (1.50) 3.33 (0.20) 

4500 5.27 (0.35) 4.65 (0.12) 7.35 (0.73) 3.09 (0.14) 

8000 5.34 (0.22) 4.70 (0.10) 7.83 (0.48) 2.92 (0.11) 

Klua site 2005 

0 2.88 (0.15)  3.20 (0.28)  

1000 2.82 (0.21) 4.06 (0.21) 2.99 (0.47) 4.93 (0.56) 

2000 2.91 (0.23) 3.27 (0.19) 3.07 (0.41) 2.95 (0.36) 

3625 2.84 (0.11) 3.22 (0.19) 3.18 (0.23) 2.49 (0.24) 

5391 2.20 (0.10) 3.85 (0.22) 1.91 (0.21) 3.00 (0.21) 

8000 3.02 (0.16) 3.66 (0.16) 2.93 (0.27) 2.58 (0.20) 

11,800 2.57 (0.22) 3.42 (0.12) 2.30 (0.44) 2.27 (0.17) 

18,400 2.53 (0.20) 3.44 (0.12) 2.02 (0.25) 2.08 (0.15) 

 
Figure 15. TWIGS yield projections for the six spruce – birch densities and TIPSY yield 
for pure spruce. Spruce (Sw) 1000 sph for all densities (0, 1000, 2000, 3000, 4500, and 
8000 sph) of birch at the Beaver site. 
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Figure 16. TWIGS yield projections for the six spruce – birch densities and TIPSY yield 
for pure spruce. Spruce (Sw) 1000 sph for all densities of birch at the Beaver site. 
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Figure 17. NPV difference between aerial herbicide and no aerial herbicide when 
modeled in TWIGS. Spruce (Sw) 1000 sph for all densities of birch. 
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Figure 18. NPV difference between manual brushing and no manual brushing when 
modeled in TWIGS. Spruce (Sw) 1000 sph for all densities of birch. 
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