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Executive Summary 

 
Height to diameter ratio (HDR) has been proposed as an alternative to conventional 

procedures for assessing competition between crop trees and other vegetation.  However, HDRs vary 
throughout the growing season due to variations in the rate of change in height and diameter.  There is 
an interest therefore, in determining variations in HDR within a growing season (i.e., intra-seasonal 
changes).  The reason for this interest is first, to determine the “best” time to take HDR 
measurements; and second, to determine the need and possibility for converting HDRs measured 
during non-ideal times to end of growing season measurements.   

 
In a previous study of lodgepole pine (Pinus contorta Dougl. ex Loud. var. latifolia Engelm.) 

plantations in the sub-boreal spruce (SBS) biogeoclimatic zone of British Columbia (BC), it was 
determined that the “best” time to take HDR measurements was prior to mid-May and after mid-
August.  This period of the growing season was viewed as being the “best” time because it avoids the 
period of measurement when HDRs generally are inflated (i.e., the mid-growing season).   However, 
the mid-growing season (i.e., June and July) is the time when personnel are available to take 
measurements.  From an operational standpoint, HDRs are unlikely to be used if personnel are not 
available to take the measurements. 

 
In the present study, three issues were addressed.  First, the extent of the inflation introduced 

by taking HDR measurements during non-ideal times was assessed.  Second, correction factors were 
developed that could be used to convert measurements taken in June or July to end of growing season 
measurements.  Third, the variability associated with the correction factors was assessed.  The 
development of these correction factors was based on the HDR measurements taken at the sites 
previously studied.  Measurements were taken at approximately monthly intervals during the 1999 
and 2000 growing seasons at four lodgepole pine sites and one spruce (Engelmann spruce (Picea 
engelmannii [Parry ex. Engel]) x white spruce (Picea glauca (Moench) Voss sp. glauca)) site in the 
SBS biogeoclimatic zone of the central interior of BC.   
 

The present study builds on the previous study, and is based on HDR measurement data from 
the three control plots per site where no brushing was undertaken.  Measurement data from the three 
control plots for each site were pooled (n ≈ 36/site).  In the interest of improving the robustness or 
general applicability of correction factors, the pooled data was further combined within three groups: 
(i) data for 1999 and 2000 from the two 4-7 year old SBS dry warm (dw) lodgepole pine sites; (ii) 
data for 1999 from the two 9-12 year old SBS dry cool (dk) lodgepole pine sites; and (iii) data for 
1999 and 2000 for the 5-7 year old SBS dw spruce site.   For items (i) and (ii), the study involved a 
completely randomized, one factor experimental design, with replication over time; with site as the 
factor.  For item (iii), the study involved a completely randomized design, with replication over time; 
but without site as a factor.  Statistical analyses were performed on the pooled data within the three 
groups. Significant (p<0.05) differences were found between mid-growing season and end of growing 
season measurements for all the above groupings of data (i.e., items (i-iii)).  However, the practical 
need for applying correction factors was found to be limited to sites described by items (i) and (iii). 

 
Correction factors for converting HDRs measured in June and July to HDRs measured at the 

end of the growing season were recommended: 0.96 (i.e., June measurements) and 0.93 (i.e., July 
measurements) for plantations similar to the 4-7 year old lodgepole pine sites; and 0.96 (i.e., July 
measurements) for plantations similar to the 5-7 year old spruce site.  Application of correction 
factors was not recommended for plantations similar to the 9-12 year old lodgepole pine sites, or for 
June measurements for plantations similar to the spruce site.  
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1.0 Introduction 
 
 Forest managers are concerned about vegetation control in young conifer plantations.  
Competition from shrubs, herbaceous plants and deciduous trees can limit light, nutrient and water 
availabilities, thereby restricting crop tree growth.  However, there are few quantitative methods that 
can assist forest managers in deciding what level of removal of competing vegetation is silviculturally 
necessary, and economically justifiable (Richardson et al. 1999).   
 
 Several competition indices (e.g., DeLong 1991; Comeau et al. 1993; Wagner and 
Radosevich 1991, 1998; Morris and McDonald 1991) have been developed for use in conifer 
plantations, however, many of these indices are static and have overlooked seasonality effects and 
underlying competition processes (Burton 1993, MacIsaac and Navratil 1996).   
 
 To be useful to forest managers, a competition index should: (i) be simple to measure and 
easily repeatable; (ii) involve analysis of both the growth and development of competing vegetation 
and crop tree over time; and (iii) involve assessment of seasonality effects on the growth and 
development of crop trees over time (Burton 1993).  Within this context, interest in height to diameter 
ratio (HDR) as a competition index is increasing in British Columbia (BC).  An alternative or 
supplement to the present “free growing” assessment procedures is being sought (Davis 1998).  One 
focus has been height to diameter ratios (HDRs) of crop trees (Mustard and Harper 1998, 
Coopersmith and Hall 1999). 
  

HDR is an individual tree-based index, calculated by dividing the height of crop tree either by 
the diameter at the root collar or diameter at breast height (DBH). It is commonly thought that HDR is 
primarily influenced by the availability of light (Chen 1997).  However, when light is not the limiting 
factor, then other factors such as nutrients and moisture may confound the expected behaviour of 
HDRs (Mustard and Harper 1998). 

 
 Lodgepole pine (Pinus contorta Dougl. ex Loud. var. latifolia Engelm.) and spruce 
(Engelmann spruce (Picea engelmannii [Parry ex. Engel]) x white spruce (Picea glauca (Moench) 
Voss sp. glauca)) occurring in areas with the sub-boreal spruce (SBS) dry warm (dw) and dry cool 
(dk) biogeoclimatic classification comprise a major  portion of the forested land base in BC (DeLong 
et al. 1993).  They are species of commercial interest, and subject to adverse competition from 
trembling aspen (Populus tremuloides Michaux), and sitka alder (Alnus crispa ssp. sinuata (Regel) 
Hulten) among other species in the early stages of their growth.  Thus, young SBS dw and dk 
lodgepole pine and SBS dw spruce plantations were chosen for the study sites. 
 

Considerable knowledge has been gained in using HDR as a tool for managing young SBS 
dw and SBS dk lodgepole pine and SBS dw spruce plantations (CanFor-Bednestii-Little Bobtail Lake 
site; and Fraser Lake-101 km, -137 km, -1116 km, and -Log Yard sites).  The HDR research project 
has provided information that helps forest managers to know: 

 
• How HDRs respond to different levels of removal of above-ground competing vegetation (i.e., 

brushing radii) applied to crop trees, and which brushing radius is best to brush plantations. 
• How HDRs behave in the period between planting and the initiation of brushing treatments.   
• How information on volume increment in the period following the initiation of brushing 

treatments may augment information on HDR thresholds (i.e., reference HDRs).   
• When during the growing season it is possible to measure HDRs without the measurements being 

unduly influenced by intra-seasonal variation.   
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The above items have been addressed by Opio et al. (2000, 2003) and Jacob (2003). 
 

Potentially, HDR is a useful competition index; however, conifers are known to make one 
rapid flush of extension growth in spring (i.e., mid-May to July) followed by continued growth in 
diameter until late summer (i.e., mid-August).  Consequently HDRs become unstable, or are inflated, 
during the period from late spring to mid summer (i.e., June and July).  We have already established 
when during the growing season it is “best” to take HDR measurements: when it is possible to 
measure HDRs without the measurements being unduly influenced by intra-seasonal variation (Opio 
et al. 2003).  However, a crucial item remains to be addressed: the “best” time to measure HDRs is 
not the time when field personnel are available to take the measurements.   

 
There is a desire to “correct” HDR measurements taken during the non-ideal period of the 

growing season so that they may approximate end of growing season measurements.  The inflated 
HDRs may be corrected either to the beginning or end of the growing season.  If the inter-seasonal 
variation in HDRs is negligible then it is not important whether the correction is backward to the 
beginning of the growing season or forward to the end of the growing season.  For a correction factor 
to be generally useful, however, it seems necessary that HDRs be relatively stable between growing 
seasons.   This seems to be an unavoidable assumption of the present study. 

 
The need and possibility for correcting HDR measurements taken during the unstable period 

remains to be determined.   First, it is necessary to gauge the error (i.e., inflation) associated with 
mid-growing season measurements.  Second, it is necessary to determine (i) whether this error is 
negligible and no correction factor need be applied, or (ii) the error warrants application of a 
correction factor to the mid-growing season measurements.  There are two parts to the assessment of 
the error: statistical difference between mid-growing season and end of growing season 
measurements, and practical difference vis a vis HDR thresholds (Jacob 2003).    

 
 
2.0 Purpose of the Report 
 

A gap in knowledge exists for how to use HDR as a tool for managing young lodgepole pine 
and spruce plantations such as have been the basis for the previous research on HDRs (Opio et al. 
2003, Jacob 2003).  It is proposed that work already completed (Jacob 2003) be built upon by 
addressing the following objectives:  

 
• To determine the extent to which mid-growing season HDR measurements (i.e., June and July 

measurements) result in significant (p<0.05) error in comparison to measurements taken at the 
end of the growing season (i.e., after mid-August).     

• To develop correction factors to be applied to mid-growing season (i.e., June and July) HDR 
measurements that would correct these measurements to equivalent mid-August to September 
measurements.   

• To assess the practical importance of applying correction factors vis a vis HDR thresholds 
previously recommended (Jacob 2003), and to recommend whether correction factors should be 
applied to specific groupings of sites (e.g., species, ages, heights, and diameters of trees).   

 
The stated objectives are addressed with respect to two 4-7 year old SBS dw variant 3 (dw3) 
lodgepole pine plantations, two 9-12 year old SBS dk lodgepole pine plantations, and one 5-7 year 
old SBS dw3 spruce plantation.  The specified ranges of ages are those defined by the measurement 
period 1998-2001 of the overall HDR research project.  
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3.0 Materials and Methods 
 
3.1 Study sites 
 

The study sites (i.e., plantations) presented in this report included portions of the sub-boreal 
spruce (SBS) biogeoclimatic zone, in the Vanderhoof Forest District (Fig. 1).  A total of five sites 
were included in the study.  Using the BC biogeoclimatic ecosystem classification (BEC) as a basis 
for comparison, these sites included three sites in the dry warm (dw) subzone, variant 3, site series 01 
(Little Bobtail Lake, 101 km, and Log Yard sites); and one site each in the dry cool (dk) subzone, site 
series 01 (137 km site) and 05 (1116 km site) (DeLong et al. 1993).  At the time of plot installations 
(1998 and 1999) these sites ranged between four and ten years of age; they were planted between 
1990 and 1995.  The sites were selected from areas in which competition from trembling aspen, sitka 
alder, and paper birch were severe.  The geographical range of these sites was approximately from N 
53 ْ47’ to N 54 ْ 03’ lat., and from W 123 ْ 32’ to W 124 ْ 51’ long.  The sites ranged in elevation from 
approximately 715 m to 854 m above sea level.   

 
Lodgepole pine stock types planted on the sites were PSB 211A (1+0) (Little Bobtail Lake 

site), PCT 313B (1+0) (101 km site), PSB 211 (1+0) (137 km site), and PSB 211A (1+0) (1116 km 
site) with initial HDRs estimated to be approximately 44.0, 48.6, 83.3, and 44.0, respectively.  The 
spruce stock type planted at the Log Yard site was PCT 415B (1+0) with an initial HDR estimated to 
be approximately 57.1.  The trees were planted on the sites at an approximate range of 1270-1460 
stems/ha for the lodgepole pine and approximately 1220 stems/ha for the spruce. 

 
Mean annual precipitation in the Prince George Forest Region, where the CanFor-Bednestii 

and Fraser Lake sites are located, ranges from 427 mm to 648.5 mm. Some of the areas in the 
Vanderhoof Forest District are the warmest of the SBS variants (SBS dw3) (i.e., Little Bobtail Lake, 
101 km, and Log Yard sites), while other areas in this Forest District are somewhat cooler (SBS dk) 
sites (i.e., 137 km and 1116 km sites).  Winter precipitation in the areas of the Forest District studied 
is relatively low, with winter snowpacks generally less than 2 m in depth (DeLong et al. 1993). 
 

The sites were prepared for planting by windrow burning followed by disc trenching, which 
involved creating raised planting spots, called the berm, and depressed areas, called the scalp 
(McMinn and Hedin 1990, p. 151).   The majority of crop trees were planted on the middle and top 
positions on the berm.  One site was disc trenched two years prior to planting (i.e., Little Bobtail Lake 
site); and all other sites were disc trenched one year prior to planting.  
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Fig. 1. Location of study sites 
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3.2 Experimental Design 
 

The experimental design for the previous study to determine intra-seasonal variations in 
HDRs (Opio et al. 2003) was a completely randomized, one-factor design, with replication over time.  
The removal of competing vegetation within the prescribed radius was the factor (Zar 1996).  The 
design consisted of four levels of brushing (0.0 m or control (no brushing), 0.75 m, 1.0 m, and 1.25 m 
brushing radii) replicated three times on each study site (12 plots/site).  A relatively homogeneous 
aspen- and alder-dominated area (stratum) within the cut block was selected for sampling for each 
site.  A total of 12 plots, each 11.28 m radius (0.04 ha), were located within a 120 x 90 m (1.08 ha) 
study site on the selected stratum of the cut block on each study area.  Treatments (brushing levels) 
were randomly assigned to plots.  A buffer of about 7.44 m between plots was thereby established.  
Each plot had approximately 50 crop trees (600 trees per 12 plots).  A random sample of 12 crop trees 
within a plot (144 trees per 12 plots) was taken in 1999 and 2000 for the purpose of assessing intra-
seasonal variations in HDR in response to the four levels of brushing treatments.  All treatment plots 
had competing vegetation removed, within the specified radius, shortly after the plots were 
established.  No brushing occurred within the control plots.   

 
The present retrospective research builds on the previous work.  Experimental information 

(i.e., monthly HDR measurements data from the beginning, middle, and end of the growing season) 
was already available from the study sites.  Monthly measurement data from plots that were not 
brushed (i.e., control plots), were the focus of the investigations.  HDR measurement data from the 
control plots (i.e., approximately 3 x 12 = 36 trees per site) were combined, and analyses performed 
on the pooled data.    
 
 
3.3 Measurements 
 

All planted lodgepole pine and spruce trees (crop trees) were identified and tagged in each 
plot.  A description of how and when crop trees were brushed is presented by Opio et al. (2003), and 
Jacob (2003).  Percent cover, distribution, and average height were estimated within each quadrant of 
a plot for aspen, alder, other deciduous shrubs, and herbaceous plants prior to brushing the sites.  
Herbaceous plants were identified and listed in order of their relative abundance also prior to 
brushing. 

 
Height, diameter, and leader length measurements were taken on 12 crop trees randomly 

selected from approximately 50 crop trees in each plot (on the five sites) at approximately monthly 
intervals during the 1999 and 2000 growing seasons.  Measurements from approximately 36 (i.e., 
trees in the control plots) of the 144 trees measured at monthly intervals were used in the present 
study.   

 
At the Little Bobtail Lake site: height, diameter, and leader length measurements were taken 

May 7, June 7, July 9, August 19-23, and October 24, 1999; and July 14, August 11-15, and 
September 21-22, 2000.  Due to logistical constraints, September 1999 measurements were not 
available; May and June 2000 measurements were not available; and October 1999 measurements 
were used to approximate May 2000 measurements.  At the 101 km site, these measurements were 
taken May 10, June 16, July 13, and September 16-20, 1999; and July 17, August 22-25, and 
September 26, 2000.  Due to logistical constraints, August 1999 measurements were not available; 
May and June 2000 measurements were not available; and September 1999 measurements were used 
to approximate May 2000 measurements. 
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At the Log Yard site: height, diameter, and leader length measurements were taken May 13, 
June 18, July 13, and September 30-October 1, 1999; and July 18, August 28-30, and September 25, 
2000.  Due to logistical constraints, August 1999 measurements were not available; May and June 
2000 measurements were not available; and September-October 1999 measurements were used to 
approximate May 2000 measurements. 

 
In order to verify that September and October 1999 measurements (i.e., Little Bobtail Lake, 

101 km, and Log Yard sites) approximated May 2000 measurements, other measurements taken 
August 14-19, 1998, and May 10, 1999 at the Little Bobtail Lake site were compared.  

 
At the 137 km site: height, diameter, and leader length measurements were taken May 11, 

June 15, July 19, and August 30-September 3, 1999.  Due to logistical constraints, late September or 
October 1999 measurements were not available.  At the 1116 km site, these measurements were taken 
May 19, June 24-25, July 20, and September 7-11, 1999.  Due to logistical constraints, August 1999 
measurements were not available. 
 
 Height and leader length (cm) measurements were made with a height pole.  Height was 
defined as the distance between the root collar (upper side of the slope at the top of the mineral soil) 
and the tip of the bud.  Diameter (cm) measurements were made at approximately 1 cm above the root 
collar (above the swelling at the root collar) with electronic calipers.  Diameter was measured to the 
nearest 0.01 cm.  The locations of diameter measurements were identified on the tree stem with a 
painted line. 
 
 Damage to crop trees caused by disease, insects, and mechanical brushing devices was noted 
at the time of measurement.  Abnormalities in the crop trees (such as multiple stems) were noted at 
this time.  The position of each planted tree (crop tree) in relation to the raised planting spot, or berm, 
was also noted. The position was described as being either on the top, in the middle (mid-point), or on 
the bottom (in the scalp).   
 
 
3.4 Analysis 
 

HDR was calculated for each tree by dividing the tree height (cm) by the root collar diameter 
(cm).  Mean HDRs of trees in the control plots (i.e., approximately 36 trees/site) were calculated for 
each of the monthly measurements, for each site.  Measurement date and site were recorded.   
Normality of HDR data (i.e., approximately 36 trees/site) was tested using Kolmogorov-Smirnov and 
Lilliesfors tests (StatSoft 1999); and homoscedasticity of HDR data was tested using Brown Forsythe 
and Levene tests (StatSoft 1999).  Normality and homoscedasticity were generally achieved.   

 
Separate analyses were conducted for Little Bobtail Lake and 101 km sites data (1999 and 

2000), 137 km and 1116 km sites data (1999), and Log Yard site data (1999 and 2000).  The reasons 
for analyzing the various sites in the specified groupings were: 
 
• Little Bobtail Lake and 101 km sites were planted with the same species (i.e., lodgepole pine); 

had the same biogeoclimatic classifications (i.e., SBS dw3 (01)); and trees on these sites were of 
the same general age (i.e., 5-7 vs. 4-6 years old), mean height (i.e., 100-190 cm vs. 100-180 cm), 
and mean diameter (i.e., 1.70-4.20 cm vs. 1.50 vs. 4.10 cm).  Reference HDRs were 40-49 and 
40-51 at these sites (Jacob 2003). 

• 137 km and 1116 km sites were planted with the same species (i.e., lodgepole pine); had similar 
biogeoclimatic classifications (i.e., SBS dk (01 and 05)); and trees on these sites were of similar 
age (i.e., 9-11 years vs. 10-12 years old), mean height (i.e., 240-430 cm vs. 310-440 cm), and 



 7

mean diameter (i.e., 4.30-8.90 cm vs. 6.90-9.90 cm).  Mean HDRs differed between these two 
sites (i.e., reference HDRs were 45-54 vs. 38-47 (Jacob (2003)). 

• The Log Yard site was treated separately because it was the only site planted with spruce.  The 
biogeoclimatic classification for this site was SBS dw3 (01); and trees on this site were 4-6 years 
old, and had mean heights of 80-120 cm and mean diameters of 1.10-2.10 cm.  The reference 
HDR at this site was 54-68 (determined on the basis of the same procedure described by Jacob 
(2003)). 

 
An analysis of variance (ANOVA) with repeated measures was performed using Statistica© 

on Little Bobtail Lake and 101 km sites (i.e., sites with smaller lodgepole pine) data to test whether 
the mean HDRs of crop trees were significantly (p<0.05) different between the study sites, months of 
measurement, and interaction between these factors (StatSoft 1999).  The ANOVA model used was: 

 
HDRij = µ + sitei + monthj + (site*month)ij + εij 

 
where HDRij = mean HDR for control plots; µ = grand mean HDR; sitei = study site (Little Bobtail 
Lake site or 101 km site); monthj = month of measurement (May 1999, July 1999, September (101 
km site) or October (Little Bobtail Lake site) 1999, July 2000, and September 2000); and 
(site*month)ij = interaction between site and month of measurement; and εij = experimental error (i.e., 
error term for approximately 36 trees for each site and month).   
 
 HDR measurements for June and August (1999 and 2000) were excluded from the analysis 
because data were not available for June 1999 for either of the sites, and August 1999 for the 101 km 
site.  HDR measurements for May 2000 were excluded from the analysis because data were not 
available for this date of measurement.  It was felt that September or October 1999 measurements 
could be used to approximate May 2000 measurements.  This assumption seemed reasonable since an 
ANOVA indicated that mean HDRs for August 1998 and May 1999 were not significantly (p>0.05) 
different for treatment (i.e., no brushing or control, and 0.75 m, 1.0 m, and 1.25 m brushing radii), 
month, and interaction (Jacob 2003).   
 

An ANOVA with repeated measures was performed using Statistica© on 137 km and 1116 
km sites (i.e., sites with larger lodgepole pine) data to test whether the mean HDRs of crop trees were 
significantly (p<0.05) different between the study sites, months of measurement, and interaction 
between these factors (StatSoft 1999).  The above ANOVA model was used in the analysis.  In the 
application of the ANOVA model to 137 km and 1116 km sites: sitei = study site (137 km site and 
1116 km site); and monthj = month of measurement (May, June, and July 1999; and August-
September (137 km site) or September (1116 km site) 1999.     
 

The repeated measures ANOVAs provided an overall assessment of the mean HDRs of crop 
trees in the control plots and allowed us to consider, on average whether the factors site and month 
had a significant effect on mean HDRs.  If the ANOVAs determined that one or more of the factors 
had a significant overall effect, then investigating more specific effects by means of Tukey HSD post 
hoc procedures was justified.  The post hoc procedures permitted comparisons between sites (i.e., 
July 1999 for Little Bobtail Lake site vs. July 1999 for 101 km site), months in the two years where 
two years data was available (i.e., July 1999 vs. July 2000 for 101 km site), as well as between 
months in the same year (i.e., July 1999 vs. September 1999 for 101 km site).  
 

T-tests for dependent samples were performed using Statistica© on the Log Yard site (i.e., the 
site with spruce) data to test whether the mean HDRs of crop trees were significantly (p<0.05) 
different between months of measurement (StatSoft 1999).  ANOVA was not used since the repeated 
measurements (i.e., month of measurement) was the only factor.  The model used was: 
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HDRi = µ + monthi + εi 

 
where HDRi = mean HDR for control plots; µ = grand mean HDR; monthi = month of measurement 
(May 1999, July 1999, September 1999, July 2000, and September 2000); and εi = experimental error 
(i.e., error term for approximately 36 trees for each site and month).  The t-tests for dependent 
samples permitted comparisons between months in the two years (i.e., July 1999 vs. July 2000), as 
well as between months in the same year (i.e., July 1999 vs. September 1999).  Bonferroni’s 
correction for multiple pairwise comparisons was used with a maximum experimentwise error rate of 
5% (i.e., α = 0.05, divided by 10 comparisons = 0.005 for each test). 
 
 Correction factors (CFs) were developed.  First, they were based on data not combined 
between study sites and years of measurement.  Second, they were based on data combined within the 
groupings of sites and years of measurement previously specified.  This two step-approach permitted 
an assessment of the error associated with combining data between sites and years of measurement.  
Regression was not employed in the development of the conversion factors (i.e., used to define trend 
lines) because it was felt that a simple approach based on ratios between mean HDRs was 
satisfactory.  All correction factors were developed to correct mid-growing season measurements 
forward to equivalent end of growing season measurements. 
  

The intent of the correction factors is that they be applied to June and July measurements that 
are inflated.  Thus, a correction of < 1.0 should be applied to mid-growing season measurements.  
Where the correction factor is < 1.0, application of the correction factor was recommended; where it 
was > 1.0, application of the correction factor was not recommended.   The method is described for: 
(i) Little Bobtail Lake and 101 km sites data (1999 and 2000) combined, (ii) 137 km and 1116 km 
sites data (1999) combined, and (iii) Log Yard site data (1999 and 2000 combined). 
 

Correction factors were developed for Little Bobtail Lake site (3 CFs) and 101 km site (3 
CFs), with data not combined between sites and years of measurement.  Correction factors were 
developed for Little Bobtail Lake and 101 km sites to correct HDRs measured in June 1999 (2 CFs) 
and July 1999 (2 CFs) to equivalent HDRs measured in August 1999 (i.e., Little Bobtail Lake site) or 
September 1999 (i.e., 101 km site); and July 2000 (2 CFs) to equivalent HDRs measured in August 
2000 (i.e., both sites):   
 
   CFmonth = mean HDRAugust-September/ mean HDRmonth  

 
where CFmonth = correction factor for June or July 1999, or July 2000; mean HDRAugust-September = mean 
HDR for August (i.e., Little Bobtail Lake site) or September 1999 (i.e., 101 km site), or August 2000 
(i.e., both sites); and mean HDRmonth = mean HDR for June or July 1999, or July 2000.    An R2 value 
describing the variability (i.e., error) around the trend line defined by each of the above correction 
factors was calculated.   
 

Two correction factors were developed for Little Bobtail Lake and 101 km sites, with data 
combined between sites and years of measurement (i.e., data for July 1999 and 2000 combined).  One 
correction factor was developed for these sites to correct HDRs measured in June 1999 to equivalent 
HDRs measured in August 1999 (i.e., Little Bobtail Lake site) or September 1999 (i.e., 101 km site):   
 
   CFJune = mean HDRAugust-September/ mean HDRJune  

 
where CFJune = correction factor for June 1999; mean HDRAugust-September = mean HDR for August 1999 
(i.e., Little Bobtail Lake site) or September 1999 (i.e., 101 km site); and mean HDRJune = mean HDR 
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for June 1999.  Another correction factor was developed for these sites to correct HDRs measured in 
July 1999 to equivalent HDRs measured in August 1999 (i.e., Little Bobtail Lake site) or September 
1999 (i.e., 101 km site); and July 2000  to equivalent HDRs measured in August 2000 (i.e., both 
sites): 
 
   CFJuly = mean HDRAugust-September/ mean HDRJuly  

 
where CFJuly = correction factor for July 1999 or 2000; mean HDRAugust-September = mean HDR for 
August 1999 (i.e., Little Bobtail Lake site) or September 1999 (i.e., 101 km site); and mean HDRJuly = 
mean HDR for July 1999 or 2000.   
 

Correction factors were developed for 137 km site (2 CFs) and 1116 km site (2 CFs), with 
data not combined between sites.  Correction factors were developed for 137 km and 1116 km sites to 
correct HDRs measured in June and July 1999 to equivalent HDRs measured in August-September 
1999:   
 
   CFmonth = mean HDRAugust-September/ mean HDRmonth  

 
where CFmonth = correction factor for June or July 1999; mean HDRAugust-September = mean HDR for 
August-September 1999 (i.e., 137 km site) or September 1999 (i.e., 1116 km site); and mean 
HDRmonth = mean HDR for June or July 1999.  An R2 value describing the variability around the trend 
line defined by each of the above conversion factors was calculated.   
 

Two correction factors were developed for 137 km and 1116 km sites, with data combined 
between sites.  One correction factor was developed for these sites to correct HDRs measured in June 
1999 to equivalent HDRs measured in August-September 1999:   
 
   CFJune = mean HDRAugust-September/ mean HDRJune  

 
where CFJune = correction factor for June 1999; mean HDRAugust-September = mean HDR for August-
September 1999 (i.e., 137 km site) or September 1999 (i.e., 1116 km site); and mean HDRJune = mean 
HDR for June 1999.  Another correction factor was developed for these sites to correct HDRs 
measured in July 1999 to equivalent HDRs measured in August-September 1999: 
 
   CFJuly = mean HDRAugust-September/ mean HDRJuly  

 
where CFJuly = correction factor for July 1999; mean HDRAugust-September = mean HDR for August-
September 1999 (i.e., 137 km site) or September 1999 (i.e., 1116 km site); and mean HDRJuly = mean 
HDR for July 1999.   
 

Three correction factors were developed for the Log Yard site, with data not combined 
between years of measurement.  Correction factors were developed for this site to correct HDRs 
measured in June 1999 (1 CF) and July 1999 (1 CF) to equivalent HDRs measured in September-
October 1999; and July 2000 (1 CF) to equivalent HDRs measured in August 2000:   
 
   CFmonth = mean HDRAugust-October/ mean HDRmonth  

 
where CFmonth = correction factor for June or July 1999, or July 2000; mean HDRAugust-October = mean 
HDR for September-October 1999, or August 2000; and mean HDRmonth = mean HDR for June or July 
1999, or July 2000.    An R2 value describing the variability around the trend line defined by each of 
the above correction factors was calculated.   
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Two correction factors were developed for the Log Yard site, with data combined between 

years of measurement (i.e., data for July 1999 and 2000 combined).  One correction factor was 
developed for the site to correct HDRs measured in June 1999 to equivalent HDRs measured in 
September-October 1999:   
 
   CFJune = mean HDRSeptember-October/ mean HDRJune  

 
where CFJune = correction factor for June 1999; mean HDRSeptember-October = mean HDR for September-
October 1999; and mean HDRJune = mean HDR for June 1999.  Another correction factor was 
developed for this site to correct HDRs measured in July 1999 to equivalent HDRs measured in 
September-October 1999; and July 2000 to equivalent HDRs measured in August 2000: 
 
   CFJuly = mean HDRAugust-October/ mean HDRJuly  

 
where CFJuly = correction factor for July 1999 or 2000; mean HDRAugust-October = mean HDR for 
September-October 1999 or August 2000; and mean HDRJuly = mean HDR for July 1999 or 2000.   
 
 The absolute and percent difference in HDR resulting from the application of correction 
factors was assessed.   The difference between the mean HDR measured in June 1999, July 1999, or 
2000 (i.e., without correction) and the mean HDR corrected to an end of growing season 
measurement was calculated.   If the difference between the corrected and uncorrected mean HDRs 
was negligible (i.e., < 1.0) relative to reference HDRs previously recommended by Jacob (2003), then 
mid-growing season measurements could probably be used in their uncorrected form.  Application of 
such correction factors was not recommended.   
 

The error associated with the correction factors for sites and year(s) combined was estimated 
by means of a comparison between: (i) R2 values, and (ii) mean HDRs.  R2 values describing the 
variability around the trend lines for June and July were calculated.  For Little Bobtail Lake and 101 
km sites: the R2 value for June (i.e., sites combined) was compared against the R2 values for June 
1999 (i.e., sites not combined); and the R2 value for July (i.e., sites and years combined) was 
compared against the R2 values for July 1999 and 2000 (i.e., sites and years not combined).  For the 
137 km and 1116 km sites: the R2 value for June (i.e., sites combined) was compared against the R2 
values for June 1999 (i.e., sites not combined); and the R2 value for July (i.e., sites combined) was 
compared against the R2 values for July 1999 (i.e., sites not combined).  For the Log Yard site the R2 
value for July (i.e., years combined) was compared against the R2 values for July 1999 and 2000 (i.e., 
years not combined). 

 
In addition to assessing the error by means of a comparison between R2 values, the error was 

estimated in terms of percent differences between mean HDRs.  The percent difference between mean 
HDRs predicted with sites and year(s) combined and mean HDRs predicted with sites and year(s) not 
combined was calculated: 
 

Mean percent error = [(mean HDRcombined – mean HDRnot combined)/ mean HDRnot combined] * 100 
 

For the Little Bobtail Lake and 101 km sites: mean HDRcombined = mean HDR predicted for 
August or September with data for sites and year(s) combined; and mean HDRnot combined = mean HDR 
predicted for August or September with data for sites and year(s) not combined.   Two mean percent 
error terms were calculated for mean HDR predicted on the basis of June 1999 measurements (i.e., 
sites combined vs. sites not combined).  Four mean percent error terms were calculated for mean 
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HDR predicted on the basis of July 1999 and 2000 measurements (i.e., sites and years combined vs. 
sites and years not combined).    

 
For the 137 km and 1116 km sites: mean HDRcombined = mean HDR predicted for August-

September with data for sites combined; and mean HDRnot combined = mean HDR predicted for August-
September with data for sites not combined.   Four mean percent error terms were calculated for mean 
HDR predicted on the basis of June 1999 measurements and July 1999 measurements.   The error 
terms described the error associated with having the sites combined.   

 
For the Log Yard site: mean HDRcombined = mean HDR predicted for August or September 

with data for year(s) combined; and mean HDRnot combined = mean HDR predicted for September-
October or August with data for year(s) not combined.   Two mean percent error terms were 
calculated for mean HDR predicted on the basis of July 1999 and 2000 measurements (i.e., years 
combined vs. years not combined).    
 

Correction factors were recommended for June and July measurements on the basis of the 
combined sites and year(s).  Where application of a correction factor for sites and years of 
measurement combined resulted in a negligible change in the mean HDR (i.e., < 1.0); or where the 
correction factor for sites and years of measurement combined was > 1.0, then application of the 
correction factors was not recommended.  Use of HDRs in their uncorrected form was recommended.   

 
 
3.0 Results 
 
4.1 Evidence of the need for correction factors 
 

Table 1 presents the results of the ANOVA with repeated measures for Little Bobtail Lake 
and 101 km sites (i.e., sites with smaller lodgepole pine) combined, and 137 km and 1116 km sites 
(i.e., sites with larger lodgepole pine) combined.  Site did not have a significant effect on HDRs for 
the plantations with smaller lodgepole pine, whereas it did have a significant effect for the plantations 
with larger lodgepole pine.  Month of measurement had a significant effect on HDRs for both 
combinations of sites.  Interaction was significant for both former and latter sites.  Note that the 
significance indicated for month is over a two year period for the smaller trees and a one year period 
for the larger trees. 
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Table 1. ANOVAs with repeated measures showing the factors affecting HDRs between May 
1999 and September 2000 for CanFor-Bednestii-Little Bobtail Lake and Fraser Lake-101 km 
sites, and May and September 1999 for Fraser Lake-137 km and -1116 km sites   
    
CanFor-Bednestii-Little Bobtail Lake site (n=32/site) and Fraser Lake-101 km site (n=36/site)a 
    
Effect df Effect F Value (Pr>F)
    
Site 1 0.01 0.92
Month 4 75.55 0.00
Site*Month 4 3.00 0.02
    
Fraser Lake-137 km site (n=28/site) and -1116 km site (n=29/site)b 
    
Effect df Effect F Value (Pr > F)
    
Site 1 62.14 0.00
Month 3 41.06 0.00
Site*Month 3 8.87 0.00
 
aANOVA was run on May, July, and September-October 1999, and July and September 2000 
data for Little Bobtail Lake and 101 km sites.  bANOVA was run on May, June, July, and August-
September 1999 data for 137 km and 1116 km sites. 
 
 
  Mean HDRs for Little Bobtail Lake and 101 km sites in 1999 and 2000 are indicated in Fig. 
2.  Results from the Tukey HSD post hoc test for these sites appear in Table 2.  Mean HDRs and 
standard errors of mean (SEM) for these sites and years are presented in Table 3.  Mean HDRs 
appeared to be more inflated for both sites in July 1999 than in July 2000.  In comparisons between 
months of measurement in 1999, mean HDRs for May and July, and July and September-October 
appeared different; whereas mean HDRs for May and September-October appeared approximately the 
same for both sites.  This perception was confirmed by the Tukey test.  Comparisons between months 
of measurement in 2000 indicated approximately the same pattern for both sites.  The Tukey test 
indicated that the apparent differences between 2000 measurements were also significant.   
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Fig. 2. Mean HDR in control plots for May to October 1999 and June to September 
2000 for CanFor-Bednestii-Little Bobtail Lake site (n=32/site) and Fraser Lake-101 km 
site (n=36/site).   
In order to improve clarity, error bars are not presented in the figure.  Instead, standard 
errors of the mean are presented in Table 3.   
Exact dates of measurement for Little Bobtail Lake site in 1999 were May 7, June 7, 
July 9, August 19-23, and October 24, 1999 (due to logistical constraints, September 
1999 measurements were not available); and 2000 were October 24, 1999 (used to 
approximate May 2000 measurements; due to logistical constraints, May-June 2000 
measurements were not available), July 14, August 11-15, and September 21-22, 2000.   
Exact dates of measurement for 101 km site in 1999 were May 10, June 16, July 13, 
and September 16-20, 1999 (due to logistical constraints, August 1999 measurements 
were not available); and 2000 were September 16-20, 1999 (used to approximate May 
2000 measurement; due to logistical constraints, May-June 2000 measurements were 
not available), July 17, August 22-25, and September 26, 2000. 
 
 

In comparisons between months of measurement in 1999 and 2000, mean HDRs for July 
1999 and 2000 appeared different; whereas mean HDRs for May 1999 and May 2000 (i.e., 
approximated by mean HDRs for September-October 1999), and September-October 1999 and 2000 
appeared approximately the same for both sites.  The post hoc test indicated that the apparent 
difference between July 1999 and 2000 was significant.  In comparisons between Little Bobtail Lake 
and 101 km sites for specified months in 1999 and 2000 (e.g., May 1999 for Little Bobtail Lake site 
vs. May 1999 for 101 km site) no significant differences were indicated. 
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Table 2. Tukey HSD post hoc test showing significant (p<0.05) differences in HDR between 
months of measurement in 1999 and 2000 for CanFor-Bednestii-Little Bobtail Lake and 
Fraser Lake-101 km sitesa 
     

 
CanFor-Bednestii-Little Bobtail 

Lake site (n=32/site) 
Fraser Lake-101 km site 

(n=36/site) 
     
   p-value   p-value 

May-99 vs. Jul-99 0.00 May -99 vs. Jul-99 0.00 
May-99 vs. Oct-99 0.11 May-99 vs. Sep-99 0.99 

Differences between 
months of measurement 
in 1999b Jul-99 vs. Oct-99 0.00 Jul-99 vs. Sep-99 0.00 
     
   p-value   p-value 

Oct-99c vs. Jul-00 0.00 Sep-99d vs. Jul-00 0.02 
Oct-99c vs. Sep-00 0.90 Sep-99d vs. Sep-00 0.10 

Differences between 
months of measurement 
in 2000b Jul-00 vs. Sep-00 0.01 Jul-00 vs. Sep-00 0.00 
     
   p-value   p-value 

May-99 vs. Oct-99c 0.11 May-99 vs. Sep-99d 0.99 
Jul-99 vs. Jul-00 0.00 Jul-99 vs. Jul-00 0.00 

Differences between 
months of measurement 
in 1999 and 2000e Oct-99 vs. Sep-00 0.90 Sep-99 vs. Sep-00 0.10 

 
aDifferences between study sites for specified months in 1999 and 2000 (e.g., May-99 for Little 
Bobtail Lake site and May-99 for 101 km site) were examined, and no significant (p>0.05) 
differences were found. 
bDifferences between months of measurement in 1999 or 2000 compares HDRs of the same year 
(e.g., May 1999 and July 1999) with one another.  Comparisons are drawn between months for one 
study site.   
c-dDue to logistical constraints May 2000 measurements were not available, therefore cOctober 1999 
(i.e., Little Bobtail Lake site) and dSeptember 1999 (i.e., 101 km site) measurements were used to 
approximate May 2000 measurements.   
eDifferences between months of measurement in 1999 and 2000 compares HDRs of the same month 
but different years (e.g., July 1999 and July 2000) with one another.  October 1999 and September 
1999 measurements were used to approximate May 2000 measurements.   
Note: Exact dates of measurement for Little Bobtail Lake site were May 7, July 9, and October 24, 
1999; and July 14, and September 21-22, 2000.  Exact dates of measurement for 101 km site were 
May 10, July 13, and September 16-20, 1999; and July 17, and September 26, 2000.  Due to logistical 
constraints, August 1999 measurements for Little Bobtail Lake site and June 2000 measurements for 
both sites were not available; therefore, June and August measurements of both years were omitted 
from the analysis. 
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Mean HDRs for 137 km and 1116 km sites in 1999 are indicated in Fig. 3.  Mean HDRs and 
SEM for these sites are presented in Table 3.  Mean HDRs appeared to be inflated in July for the 137 
km site, but not for the 1116 km site.  Thus, mean HDRs for May and July, and July and August-
September appeared different for the 137 km site but not for the 1116 km site; and mean HDRs for 
May and August-September appeared not to be different for either site.   
 

The Tukey HSD post hoc test failed to support the perceived similarilities/differences for the 
137 km and 1116 km sites.  Mean HDRs for May and July were significantly different for both sites; 
mean HDRs for July and August-September were not significantly different for the 137 km site, 
however, were significantly different for the 1116 km site; and mean HDRs for May and August-
September were significantly different for 137 km site, however, were not significantly different for 
the 1116 km site.  These results indicated for the 137 km site, a general upward trend in the mean 
HDR between growing seasons.  In comparisons between 137 km and 1116 km sites for specified 
months in 1999 (e.g., May for 137 km site vs. May for 1116 km site), mean HDRs were significantly 
different for all months of measurement. 
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Fig. 3. Mean HDRs in control plots for May to September 1999 for Fraser Lake- 
137 km site (n=28/site) and -1116 km site (n=29/site).   
In order to improve clarity, error bars are not presented in the figure.  Instead, standard 
errors of the mean are presented in Table 3.  Mean HDRs with the same letter are not 
significantly (p>0.05) different.  A Tukey HSD post hoc test was conducted on May, 
June, July, and August-September 1999 measurements.  
Exact dates of measurement for 137 km site in 1999 were May 11, June 15, July 19, 
and August 30-September 3, 1999 (due to logistical constraints, late September or 
October 1999 measurements were not available).  Exact dates of measurement for 
1116 km site in 1999 were May 19, June 24-25, July 20, and September 7-11, 1999 
(due to logistical constraints, August 1999 measurements were not available).   
  

 
 
Mean HDRs for the Log Yard site in 1999 and 2000 are indicated in Fig. 4.  Mean HDRs and 

SEM for this site are presented in Table 3.  Mean HDRs appeared to be inflated in July for both years 
of measurement.  There appeared to be a general upward trend in the mean HDR from May to 
September 1999.  In comparisons between months of measurement in 1999, mean HDRs for May and 
July, and July and September, and May and September appeared different.   
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The t-test for dependent samples for the Log Yard site indicated significant differences in 
comparisons between May and July, and July and September 1999; however did not indicate a 
significant difference between May and September 1999.  Comparisons between months of 
measurement in 2000 indicated that mean HDRs for May and July, and July and September were 
different; however mean HDRs for May (i.e., approximated by September 1999) and September 2000 
did not appear different.  The t-test for dependent samples indicated that the apparent differences 
between 2000 measurements were significant.  In comparisons between months of measurement in 
1999 and 2000, only the mean HDRs for July 1999 and July 2000 were significantly different. 
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Fig. 4. Mean HDRs in control plots for May to September 1999 and June to September 
2000 for Fraser Lake-Log Yard site (n=33/site).   
In order to improve clarity, error bars are not presented in the figure.  Instead, standard 
errors of the mean are presented in Table 3.  Mean HDRs with the same letter are not 
significantly (p>0.005) different.  Using Bonferroni’s correction, the significance value 
for each test was based on 10 comparisons (i.e., α = 0.05 divided by 10 = 0.005).  T-tests 
for dependent samples were conducted on May, July, and September-October 1999 
measurements; and July, and September 2000 measurements. 
Exact dates of measurement in 1999 were May 13, June 18, July 13, and September 30-
October 1, 1999 (due to logistical constraints, August 1999 measurements were not 
available); and 2000 were September 30-October 1, 1999 (used to approximate May 2000 
measurements; due to logistical constraints, May-June 2000 measurements were not 
available), July 18, August 28-30, and September 25, 2000.    
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Table 3. Mean HDRs and standard errors of mean (SEM)a in control plots for the months of 
measurement in 1999 and 2000 for all the study sites 
        
  Month of measurement 

Study site Year 
May-99 or 

Sep-Oct-99
Jun-99 or 

Jun-00
Jul-99 or 

Jul-00
Aug-99 or 

Aug-00 
Sep-99 or 

Sep-00
Oct-99 or 

Oct-00
        
CanFor-Bednestii 
        
Little Bobtail 
Lakeb 1999 61.3 (1.4) 62.3 (1.4) 66.7 (1.5) 60.7 (1.4) n.m. 59.3 (1.4)
(n=32/site) 2000 59.3 (1.4) n.m. 62.9 (1.4) 61.2 (1.4) 60.3 (1.4) n.m.
   
Fraser Lake 
        
101 kmc 1999 60.1 (1.3) 64.1 (1.4) 66.5 (1.4) n.m. 60.8 (1.3) n.m.
(n=36/site) 2000 60.8 (1.3) n.m. 63.0 (1.3) 59.2 (1.3) 58.9 (1.3) n.m.
   
137 kmd 1999 62.2 (1.5) 63.0 (1.5) 65.2 (1.5) 64.5 (1.5) n.m. n.m.
(n=28/site)   
   
1116 kme 1999 45.1 (1.3) 46.3 (1.3) 46.9 (1.3) n.m. 45.8 (1.3) n.m.
(n=29/site)   
   
Log Yardf 1999 63.8 (1.4) 64.3 (1.4) 69.2 (1.5) n.m. 66.4 (1.4) n.m.
(n=33/site) 2000 66.4 (1.4) n.m. 70.0 (1.5) 67.5 (1.4) 67.6 (1.4) n.m.

 
aSEM are presented in brackets following mean HDRs.   
bExact dates of measurement for Little Bobtail Lake site in 1999 were May 7, June 7, July 9, August 19-
23, and October 24, 1999 (due to logistical constraints, September 1999 measurements were not 
available); and 2000 were October 24, 1999 (used to approximate May 2000 measurements; due to 
logistical constraints, May-June 2000 measurements were not available), July 14, August 11-15, and 
September 21-22, 2000.   cExact dates of measurement for 101 km site in 1999 were May 10, June 16, 
July 13, and September 16-20, 1999 (due to logistical constraints, August 1999 measurements were not 
available); and 2000 were September 16-20, 1999 (used to approximate May 2000 measurement; due to 
logistical constraints, May-June 2000 measurements were not available), July 17, August 22-25, and 
September 26, 2000.  dExact dates of measurement for 137 km site in 1999 were May 11, June 15, July 
19, and August 30-September 3, 1999 (due to logistical constraints, late September or October 1999 
measurements were not available).   eExact dates of measurement for 1116 km site in 1999 were May 19, 
June 24-25, July 20, and September 7-11, 1999 (due to logistical constraints, August 1999 measurements 
were not available).  fExact dates of measurement for Log Yard site in 1999 were May 13, June 18, July 
13, and September 30-October 1, 1999 (due to logistical constraints, August 1999 measurements were not 
available); and 2000 were September 30-October 1, 1999 (used to approximate May 2000 measurements; 
due to logistical constraints, May-June 2000 measurements were not available), July 18, August 28-30, 
and September 25, 2000.   
Note: n.m. indicates no measurements were taken. 
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 4.2 Correction factors 
 
 The correction factor for June 1999 for Little Bobtail Lake and 101 km sites combined was 
0.9603 (R2=0.8738).  Applying this correction factor to the mean HDRs for June 1999 for both sites 
(i.e., 62.3 and 64.1) produced reductions of 2.5 (i.e., -4.0% and -3.9%) in the mean HDR for these 
sites.   The trend line for this correction factor is depicted in Fig. 5.   
 

The correction factors for June 1999 for Little Bobtail Lake and 101 km sites not combined 
were 0.9739 (R2=0.7716) and 0.9486 (R2=0.9278), respectively.  The mean percent error associated 
with combining the two sites was -1.4% for Little Bobtail Lake site, and +1.2% for 101 km site.   
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Fig. 5. HDRs in control plots August 1999 vs. June 1999 for CanFor-Bednestii-Little 
Bobtail Lake site (n=32/site) and September 1999 vs. June 1999 for Fraser Lake-101 km 
site (n=36/site).  Exact dates of measurement were June 7 and August 19-23, 1999 for 
Little Bobtail Lake site, and June 16 and September 16-20, 1999 for 101 km site.  The 
trend line was determined from the ratio of mean HDRAug-Sep99/mean HDRJun99 with data 
for both sites combined (n=32+36=68/site). The indicated R2 (0.8738) was calculated 
from the combined HDRs for Little Bobtail Lake site in June 1999 and 101 km site in 
June 1999.  R2 values for the sites not combined were 0.7716 for Little Bobtail Lake site 
in June 1999 (HDRAug99 = 0.9739 * HDRJun99), and 0.9278 for 101 km site in June 1999 
(HDRSep99 = 0.9486 * HDRJun99). 
 
 

The correction factor for July 1999 and 2000 for Little Bobtail Lake and 101 km sites 
combined was 0.9333 (R2=0.9323).  Applying this correction factor to the mean HDRs for July 1999 
and 2000 for both sites (i.e., 66.7 and 62.9 for Little Bobtail Lake site, and 66.5 and 63.0 for 101 km 
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site) resulted in reductions of 4.4 and 4.2 (i.e., -6.6% and -6.7%) in the mean HDR for the former site, 
and 4.4 and 4.2 (i.e., -6.6% and -6.7%) in the mean HDR for the latter site.   The trend line for this 
correction factor is presented in Fig. 6.   

 
The correction factors for Little Bobtail Lake site in July 1999 and 2000 (i.e., sites and years 

not combined) were 0.9096 (R2=0.8836) and 0.9738 (R2=0.9694), respectively.  The mean percent 
errors associated with sites and years combined were +2.6% for Little Bobtail Lake site in July 1999 
and -4.2% for Little Bobtail Lake site in July 2000.  The correction factors for 101 km site in July 
1999 and 2000 (i.e., sites and years not combined) were 0.9144 (R2=0.9631) and 0.9396 (R2=0.9750), 
respectively.  The mean percent errors associated with sites and years combined were +2.1% for 101 
km site in July 1999 and -0.7% for 101 km site in July 2000. 
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Fig. 6. HDRs in control plots August vs. July 1999 and August vs. July 2000 for CanFor-
Bednestii-Little Bobtail Lake site (n=32/site) and September vs. July 1999 and August vs. 
July 2000 for Fraser Lake-101 km site (n=36/site).  Exact dates of measurement were July 9 
and August 19-23, 1999 and July 14 and August 11-15, 2000 for Little Bobtail Lake site, and 
July 13 and September 16-20, 1999 and July 17 and August 22-25, 2000 for 101 km site.  The 
trend line was determined from the ratio of mean HDRAug-Sep99 and Aug00/mean HDRJul99 and 00 
with data for both sites in 1999 and 2000 combined (n=2x32+2x36=136/site).  The indicated 
R2 (0.9323) was calculated from the combined HDRs for Little Bobtail Lake site in July 1999 
and July 2000, and 101 km site in July 1999 and July 2000.  R2 values for the sites and 
months of measurement not combined were 0.8836 and 0.9694 for Little Bobtail Lake site in 
July 1999 (HDRAug99 = 0.9096 * HDRJul99) and July 2000 (HDRAug00 = 0.9738 * HDRJul00), 
respectively; and 0.9631 and 0.9750 for 101 km site in July 1999 (HDRSep99 = 0.9144 * 
HDRJul99) and July 2000 (HDRAug00 = 0.9396 * HDRJul00), respectively. 
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The correction factor for June 1999 for 137 km and 1116 km sites combined was 1.0095 
(R2=0.9780).  Applying this correction factor to the mean HDRs for June 1999 for both sites (i.e., 
63.0 and 46.3) increased the mean HDR by 0.6 and 0.4 (i.e., +1.0%) for the two sites.   The trend line 
for this correction factor is illustrated in Fig. 7.   

 
The correction factors for June 1999 for 137 km and 1116 km sites not combined were 

1.0246 (R2=0.9621) and 0.9897 (R2=0.9682), respectively.  The mean percent error associated with 
combining the two sites was -1.5% for 137 km site, and +2.0% for 1116 km site. 
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Fig. 7. HDRs in control plots August-September 1999 vs. June 1999 for Fraser Lake-137 
km site (n=28/site) and -1116 km site (n=29/site).  Exact dates of measurement were June 
15 and August 30-September 3, 1999 for 137 km site, and June 24-25 and September 7-11, 
1999 for 1116 km site.  The trend line was determined from the ratio of mean  
HDRAug-Sep99/mean HDRJun99 with data for both sites combined (n=28+29=57/site).   The 
indicated R2 (0.9780) was calculated from the combined HDRs for 137 km site in June 
1999 and 1116 km site in June 1999.  R2 values for the sites not combined were 0.9621 for 
137 km site in June 1999 (HDRAug-Sep99 = 1.0246 * HDRJun99) and 0.9682 for 1116 km site 
in June 1999 (HDRSep99 = 0.9897 * HDRJun99). 
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  The correction factor for July 1999 for 137 km and 1116 km sites combined was 0.9836 
(R2=0.9906).  Applying this correction factor to the mean HDRs for July 1999 for both sites (i.e., 65.2 
and 46.9) reduced the mean HDR by 1.1 and 0.8 (i.e., -1.6%) for the two sites.   The trend line for this 
correction factor is presented in Fig. 8.   

 
The correction factors for July 1999 for 137 km and 1116 km sites not combined were 0.9888 

(R2=0.9727) and 0.9766 (R2=0.9830), respectively.  The mean percent error associated with 
combining the two sites was -0.5% for 137 km site, and +0.7% for 1116 km site. 
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Fig. 8. HDRs in control plots August-September 1999 vs. July 1999 for Fraser Lake- 
137 km site (n=28/site) and -1116 km site (n=29/site).  Exact dates of measurement were 
July 19 and August 30-September 3, 1999 for 137 km site, and July 20 and September 7-
11, 1999 for 1116 km site.  The trend line was determined from the ratio of mean 
HDRAug-Sep99/mean HDRJul99 with data for both sites combined (n=28+29=57/site).  The 
indicated R2 (0.9906) was calculated from the combined HDRs for 137 km site in July 
1999 and 1116 km site in July 1999.  R2 values for the sites not combined were 0.9727 
for 137 km site in July 1999 (HDRAug-Sep99 = 0.9888 * HDRJul99), and 0.9830 for 1116 km 
site in July 1999 (HDRSep99 = 0.9766 * HDRJul99). 
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The correction factor for June 1999 for the Log Yard site was 1.0325 (R2=0.8561).  The trend 
line for this correction factor is illustrated in Fig. 9.  Applying this correction factor to the mean HDR 
for June 1999 (i.e., 64.3) resulted in an increase of 2.1 (i.e., +3.2%) in the mean HDR.   HDR 
measurements for June 1999 for this site were not combined with another year or site.  Thus, no other 
R2 value or mean percent error is presented. 
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Fig. 9. HDRs in control plots September-October 1999 vs. June 1999 for Fraser Lake-
Log Yard site (n=33/site).  Exact dates of measurement were June 18 and September 
30-October 1, 1999.  The trend line was determined from the ratio of mean HDRSep-

Oct99/mean HDRJun99 (n=33/site).  The indicated R2 (0.8561) was calculated from HDRs 
in June 1999 (not combined with another site or month of measurement). 
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The correction factor for the Log Yard site for July 1999 and 2000 combined was 0.9626 
(R2=0.9465).  Applying this correction factor to the mean HDRs for July 1999 and 2000 (i.e., 69.2 
and 70.0, respectively) resulted in a reduction of 2.6 (i.e., -3.7%) in the mean HDR for these years.   
The trend line for this correction factor is presented in Fig. 10.   

 
The correction factors for the years not combined were 0.9600 (R2=0.9316) for July 1999, 

and 0.9652 (R2=0.9622) for July 2000.  The mean percent error associated with combining the two 
years was +0.3% for July 1999, and -0.3% for July 2000. 
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Fig. 10. HDRs in control plots September-October 1999 vs. July 1999 and August 2000 
vs. July 2000 for Fraser Lake-Log Yard site (n=33/site).  Exact dates of measurement 
were July 13 and September 30-October 1, 1999, and July 18 and August 28-30, 2000.  
The trend line was determined from the ratio of mean HDRSep-Oct99 and Aug00/mean 
HDRJul99 and 00 with data for 1999 and 2000 combined (n=2x33=66/site).  The 
indicated R2 (0.9465) was calculated from the combined HDRs for July 1999 and July 
2000.  R2 values for the months of measurement not combined were 0.9316 for July 
1999 (HDRSep-Oct99 = 0.9600 * HDRJul99), and 0.9622 for July 2000 (HDRAug00 = 0.9652 
* HDRJul00).  
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4.0 Discussion 
 

The sites planted with trees of the same species, and similar age and diameter were grouped 
together.  The sites were grouped according to the relative size of trees on the sites because it seemed 
that the intra-seasonal variation in HDRs would be greater for smaller trees than larger trees.  Thus, 
the lodgepole pine from Little Bobtail Lake and 101 km sites (i.e., smaller trees) were combined, and 
the lodgepole pine from 137 km and 1116 km sites (i.e., larger trees) were combined.  The spruce at 
the Log Yard site were treated separately due to the difference in species.   

 
HDR measurements were combined between sites because it was felt that such a grouping 

would broaden the geographical range to which a correction factor could be applied.  It would 
improve the robustness of the correction factors obtained.  This effect seems to have been the 
outcome of the combination of 137 km and 1116 km sites.  HDR data were combined between years 
of measurement (e.g., July 1999 and 2000) because it was felt that combining years would dampen or 
decrease the influence of seasonal differences.  This dampening effect seems to have been produced 
by combining the data from Little Bobtail and 101 km sites.    

 
The influence that the size of a tree has on the mid-growing season inflation in HDR is 

illustrated by the following comparison between mean HDRs.  The mean HDR for the 101 km site 
increased from 60.1 in May 1999 to 66.5 in July 1999 (+10.6% of HDRMay99 and +9.4% of HDRSep99), 
and then decreased to 60.8 in September 1999; whereas the mean HDR for the 137 km site increased 
from 62.2 in May 1999 to 65.2 in July 1999 (+5.0% of HDRMay99, and +1.0% of HDRAug99), and then 
decreased to 64.5 in August 1999 (Table 3).  This comparison indicates why a greater correction was 
required for sites with smaller trees (e.g., 0.9333 for July measurements) than sites with larger trees 
(e.g., 0.9836 for July measurements); and for sites exhibiting an upward trend from one growing 
season to the next (e.g., 137 km site), it made a difference whether HDRs were corrected to the 
beginning or end of the growing season.   
 

The ANOVAs for sites with smaller trees combined, and sites with larger trees combined 
both indicated that month of measurement had a significant effect on HDRs.  At this level of analysis, 
therefore, it seemed that there was a need to apply correction factors to mid-growing season 
measurements.  The effect site had on HDRs was not a concern since site did not determine whether a 
correction factor needed to be applied.  The degree of inflation in the mid-season HDRs was the main 
determinant of the need for a correction factor, and this was largely determined by the size of trees on 
a site.      

 
The Tukey HSD post hoc tests for Little Bobtail Lake and 101 km sites combined, and 137 

km and 1116 km sites combined, and t-tests for dependent samples for the Log Yard site generally 
indicated that mid-growing season HDRs were significantly greater than end of growing season 
HDRs.  One exception was 137 km site where HDRs for July 1999 were not significantly different 
from HDRs for August-September 1999.  The tests indicated that beginning of growing season 
measurements were significantly less than mid-growing season measurements for all sites; and not 
significantly different from end of growing season measurements for all sites except 137 km site.  The 
latter exception seems to have been due to the upward trend in HDRs between growing seasons for 
the 137 km site.  The Tukey tests and t-tests for dependent samples indicated significant differences 
for July and possibly June measurements for most sites (all sites, if one corrected to the beginning 
rather than the end of the growing season for the 137 km site).  This outcome did not necessarily 
mean that a correction factor needed to be applied to HDRs measured in June and July.   

 
Seasonal differences were indicated by the Tukey test for Little Bobtail Lake and 101 km 

sites, and possibly for the Log Yard site.  The tests for the two lodgepole pine sites indicated 
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significant differences between July 1999 and 2000 measurements.  The t-tests for dependent samples 
for the spruce site did not indicate significant differences between May 1999 and September 1999 
(i.e., used to approximate May 2000 measurements), however did indicate significant differences 
between July 1999 and 2000 measurements.   Thus, seasonality seems to be a factor that needs to be 
considered in the application of correction factors.  It was not possible to test for the influence of 
seasonality at the 137 km and 1116 km sites.     

 
An important assumption in the development of correction factors was that HDRs between 

growing seasons were relatively stable.  However, in young plantations undergoing relative changes 
between crop trees and non-crop vegetation, it seems that upward or downward trends in HDRs are 
possible.  Retrospective analyses conducted on four of the five sites (Jacob 2003) indicated a variety 
of patterns in HDR (e.g., upward, downward, or no trends) prior to brushing these plantations.  Thus 
it was felt that an upward trend in HDRs, such as at the 137 km site, may confound the application of 
correction factors.    

 
 The correction factors developed from data combined between sites were generally greater 
(i.e., closer to 1.0) for June than July measurements.  They were greater for sites with larger 
lodgepole pine than sites with smaller lodgepole pine.  Correction factors for June measurements for 
sites combined varied from 0.9603 for sites with smaller lodgepole pine (Table 4a), to 1.0095 for sites 
with larger lodgepole pine (i.e., based on June 1999 measurements only) (Table 4b).  The correction 
factor developed from June 1999 data for the one spruce site was 1.0325 (Table 4c).   Correction 
factors for July measurements for sites combined varied from 0.9333 for sites with smaller lodgepole 
pine (i.e., based on July 1999 and 2000 measurements) (Table 4a), to 0.9836 for sites with larger 
lodgepole pine (i.e., based on July 1999 measurements only) (Table 4b).  The correction factor 
developed from July 1999 and 2000 data from the one spruce site was 0.9626 (Table 4c).   
 
 The correction > 1.0 for June measurements for sites with larger trees (i.e., 1.0095) and the 
one spruce site (i.e., 1.0325), seemed anomalous in comparison to the other correction factors.  The 
validity of these correction factors was questioned because it is for a mid-growing season inflation in 
HDRs that a correction is thought to be required.  A correction > 1.0 indicates the contrary, a mid-
growing season deflation in HDRs.  The only explanation for this anomaly is an upward trend in 
HDRs between growing seasons for 137 km and Log Yard sites.  Certainly, caution seems advised in 
the application of these correction factors.  Application of these correction factors was not 
recommended. 
 

The degree of variation around the above correction factors (i.e., sites and years of 
measurement combined) was greater for sites with smaller trees than for sites with larger trees.  
Correction factors for June measurements for sites not combined were between 0.9486 and 0.9739 for 
sites with smaller lodgepole pine (Table 4a), and between 0.9897 and 1.0246 for sites with larger 
lodgepole pine (Table 4b).  Correction factors for July measurements for sites not combined were 
between 0.9096 and 0.9738 for sites with smaller lodgepole pine (Table 4a), and between 0.9766 and 
0.9888 for sites with larger lodgepole pine (Table 4b).  Correction factors for July measurements for 
the one spruce site were between 0.9600 and 0.9652 (Table 4c). 
 
 The effect of combining data from sites and years of measurement seemed minor in terms of 
R2 values and mean percent error values obtained.  The R2 values for correction factors developed 
from data combined between sites and years of measurement, or data not combined between sites and 
years of measurement were relatively high.  Combining sites and years generally produced R2 values 
somewhat between the R2 values for sites and years not combined.  These varied from 0.86 to 0.99 for 
sites and years combined, and 0.77 to 0.98 for sites and years not combined (Tables 4a-c).  The R2 
values were moderately higher for sites with larger lodgepole pine (Table 4b).   
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 The mean percent error values (i.e., percent differences between mean HDRs for sites and 
years combined and mean HDRs for sites and years not combined) were all < 5%.  These varied 
between -4.2% and +2.1% for sites with smaller lodgepole pine, -1.5% and +2.0% for sites with 
larger lodgepole pine, and -0.3% and +0.3% for the spruce site.  The mean percent error and R2 
values obtained indicated that combining data on the basis of the relative size of trees on the sites did 
not take away from the value of the correction factors determined.   

 
The need for correction factors has thus far been assessed on the basis of significant 

differences between the mid-growing season and end of growing season HDRs.  Mid-growing season 
measurements were significantly greater than end of growing season measurements for most sites.  
However, it also seemed necessary to assess the difference in HDR resulting from the application of 
correction factors.  If the correction seemed negligible in comparison with the reference HDR for a 
site (i.e., < 1.0), then the correction factor probably need not be applied (e.g., 137 km and 1116 km 
sites).  It also seemed that if the correction was > 1.0, then the general value of the correction factor 
was questionable.  The upward trend in HDRs between growing seasons was being reflected in the 
correction > 1.0 (e.g., June measurements for the 137 km site).  Application of correction factors was 
not recommended for these conditions. 

 
Correction factors applied to sites with smaller lodgepole pine resulted in reductions in the 

mean HDR of approximately 2.5 (i.e., -4.0%) for June measurements, and 4.2-4.4 (i.e., -6.6% to -
6.7%) for July measurements.   Viewed with respect to the reference HDRs for these sites (i.e., 40-49 
for Little Bobtail Lake site, and 40-51 for 101 km site), correction of June and July measurements 
seems worthwhile.  Application of correction factors in these circumstances was recommended. 

 
Correction factors applied to sites with larger lodgepole pine reduced the mean HDR by 0.4-

0.6 (i.e., +1.0%) for June measurements, and 0.8-1.1 (i.e., -1.6%) for July measurements.  In 
comparison to the reference HDRs for these sites (i.e., 45-54 for 137 km site, and 38-47 for 1116 km 
site), correction of June and July measurements seems not necessary.   Application of correction 
factors was not recommended for plantations with larger lodgepole pine. 

 
Correction factors applied to the spruce site increased the mean HDR by 2.1 (i.e., +3.2%) for 

June measurements, and decreased the mean HDR by 2.6 (i.e., -3.7%) for July measurements.  The 
correction > 1.0 for June measurements, possibly should not be applied.  It is based only on one set of 
measurements (i.e., June 1999) and use of this factor may produce erroneous results.  In comparison 
to the reference HDR for this site (i.e., 54-68 for Log Yard site), however, correction of July 
measurements seems worthwhile.  Application of correction factors was not recommended for June 
measurements for plantations similar to the spruce site. 

 
The entire set of correction factors for SBS dw3 (01) sites with smaller lodgepole pine, SBS 

dk (01 and 05) sites with larger lodgepole pine, and SBS dw3 (01) sites with spruce, are presented 
(Tables 4a-c) as a summary of the analyses that were conducted.  Only those correction factors which 
are recommended for use in Tables 4a-c should be applied to June and July measurements. 
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Table 4a. Correction factors for converting HDRs measured in the middle of growing season to 
HDRs measured at the end of the growing season for lodgepole pine 4-7 years age and 1.70-
4.20 cm diameter in sub-boreal spruce dw3 (01) biogeoclimatic zonea  
     
 Month of measurement 

June  July Combined/ 
minimum/maximum 
corrrection factor Correction factor R2 Correction factor R2 
     
combinedb 0.9603 (0.87) 0.9333 (0.93) 
minimumc 0.9486e (0.93) 0.9096g (0.88) 

maximumd 0.9739f (0.77) 0.9738h (0.97) 
 

aCorrection factor was developed for lodgepole pine 4-7 years after planting, 1.70-4.20 cm 
diameter measured at root collar, and growing in the SBS dw3 (01) biogeoclimatic zone.   
bCombined correction factor is based on: b (June only)one year's data from two sites (i.e., June 1999 
data from Little Bobtail Lake and 101 km sites combined), or b (July only)two years' data from two 
sites (i.e., July 1999 and 2000 data from Little Bobtail Lake and 101 km sites combined).  
Application of these correction factors is recommended. 
cMinimum and dmaximum correction factors are based on data from sites and years not 
combined.   
eIndicated minimum is for 101 km site in June 1999.  
 fIndicated maximum is for Little Bobtail Lake site in June 1999.   
gIndicated minimum is for Little Bobtail Lake site in July 1999.   
hIndicated maximum is for Little Bobtail Lake site in July 2000. 
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Table 4b. Correction factors for converting HDRs measured in the middle of growing season to 
HDRs measured at the end of the growing season for lodgepole pine 9-12 years age and 4.30-
9.90 cm diameter in sub-boreal spruce dk (01 and 05) biogeoclimatic zonea  
     
 Month of measurement 

June  July Combined/ 
minimum/maximum 
corrrection factor Correction factor R2 Correction factor R2 
     
combinedb 1.0095 (0.98) 0.9836 (0.99)
minimumc 0.9897e (0.97) 0.9766g (0.98)

maximumd 1.0246f (0.96) 0.9888h (0.97)
 
aCorrection factor was developed for lodgepole pine 9-12 years after planting, 4.30-9.90 cm 
diameter measured at root collar, and growing in the SBS dk (01 and 05) biogeoclimatic zone.   
b (June and July)Combined correction factor is based on one year's data from two sites (i.e., June 1999 
data from 137 km and 1116 km sites combined, or July 1999 data from 137 km and 1116 km sites 
combined).  Application of these correction factors is not recommended. 
cMinimum and dmaximum correction factors are based on data from sites not combined.  
eIndicated minimum is for 1116 km site in June 1999.  
 fIndicated maximum is for 137 km site in June 1999.   
gIndicated minimum is for 1116 km site in July 1999.   
hIndicated maximum is for 137 km site in July 1999. 
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Table 4c. Correction factors for converting HDRs measured in the middle of growing season to 
HDRs measured at the end of the growing season for spruce 5-7 years age and 1.10-2.10 cm 
diameter in sub-boreal spruce dw3 (01) biogeoclimatic zonea  
     
 Month of measurement 

June  July Combined/ 
minimum/maximum 
correction factor Correction factor R2 Correction factor R2 

combinedb 1.0325 (0.86) 0.9626 (0.95)
minimumc n.m.e n.m. 0.9600f (0.93)

maximumd n.m. n.m. 0.9652g (0.96)
 
aCorrection factor is meant to be applied to spruce 5-7 years after planting, 1.10-2.10 cm diameter 
measured at root collar, and growing in the SBS dw3 (01) biogeoclimatic zone.   
bCombined correction factor is based on: b (June only)one year's data (i.e., June 1999 data only), or 
b (July only)two years' data (i.e., July 1999 and 2000 data combined).  Application of correction factor 
for July measurements only is recommended. 
cMinimum and dmaximum correction factors are based on data from years not combined.   
en.m. (i.e., no measurement) is indicated for minimum and maximum because data (i.e., Log Yard 
site in June 1999) was not combined with another site or year of measurement.   
fIndicated minimum is for July 1999.   
gIndicated maximum is for July 2000. 
 
 
 



 31

6.0 Conclusions and Recommendations 
 

Mid-growing season measurements were significantly greater than end of growing season 
measurements for almost all sites and years of measurement.  An exception was the 137 km site, for 
which July 1999 measurements were not significantly greater than August-September 1999 
measurements.   

 
Combining of study sites on the basis of the relative sizes of trees on the sites was justified 

primarily by the similarity in the mid-growing season inflation within the three groupings of sites.  
The first grouping of sites (i.e., sites with smaller trees) had a greater mid-growing season inflation in 
HDRs than the second grouping of sites (i.e., sites with larger trees).  The third grouping (i.e., the one 
spruce site) was treated separately due to the difference in species from the other sites. 

 
Correction factors were developed for the three groupings of sites.  The correction factors 

tended to be greater (i.e., closer to 1.0) for sites with larger trees, and lesser (i.e., < 1.0) for sites with 
smaller trees.  The correction factors tended to be greater for June measurements than for July 
measurements.  Overall, the degree of correction was generally greater for sites with smaller trees 
than for sites with larger trees, and for July than June measurements.  

 
The correction factor was > 1.0 for June measurements for sites with larger trees, and the one 

spruce site.  The implied deflation in mid-growing season HDRs seemed to be due to an upward trend 
in HDRs between growing seasons at one of the sites with larger trees (i.e., 137 km site), and the one 
spruce site (i.e., Log Yard site).  Consequently, the application of these correction factors was not 
recommended. 

 
Application of the correction factors to mean HDRs on the sites with larger trees produced a 

negligible (i.e., < 1.0) difference in the resulting mean HDR (i.e., relative to the HDR thresholds 
previously recommended (Jacob 2003)).  Therefore, application of correction factors to plantations 
with larger trees was not recommended.   

 
The degree of correction resulting from the application of correction factors to mean HDRs 

seemed appreciable (i.e., > 1.0) for sites with smaller trees.  The correction factors obtained were also 
all < 1.0).  The inflation in the mid-growing season HDRs implied by a correction < 1.0 is what 
would be expected.  Application of these correction factors was recommended.   
 
 A lack of relative stability in HDRs between growing seasons is a concern in the application 
of mid-growing season correction factors.  Where there is an upward or downward trend in HDRs 
from one growing season to the next (Jacob 2003), appreciable errors may result from the application 
of correction factors. 
 
 There is an operational advantage in basing the use of HDRs on diameter measurements at 30 
cm height.  Thus, the question arises whether correction factors for mid-growing season 
measurements can be based on HDRs calculated from diameter measurements at 30 cm height.  The 
present study indicated (i) correction factors need to be applied to younger plantations (i.e., < 4-7 
years old), and (ii) the mean heights of trees on the sites (i.e., 100-190 cm) were generally below a 
level for which diameter measurements at 30 cm height is recommended.  Unfortunately, it is not 
feasible to base HDRs on diameter measurements at 30 cm height for these heights of trees.   
Consequently, correction factors for plantations with smaller trees need to be based on diameter 
measurements at the root collar.      
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