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Executive Summary 
The purpose of this project was to examine the feasibility of using Free to Grow (FTG) survey plot data 
to develop the Percent Empty Plots (PEP’s) statistic needed to calculate Operational Adjustment Factor 
(OAF1) values used in the TIPSY growth and yield model.  The use of existing FTG plot data would 
make the localization of OAF1 estimates significantly less expensive.  It is recognized that this project 
only addresses the currently existing gaps/holes aspect of OAF1 and does not attempt to estimate its 
future losses element.   
 
Simulation techniques were first used to determine the probability of an empty OAF1 plot occurring 
within a FTG plot with a specific minimum inter tree distance, leading species (OAF plot size), and 
number of well spaced trees.  These probabilities are needed to transform FTG plot data into the PEP 
statistic generated by the OAF1 ground based survey method.  Both OAF1 ground based surveys and 
FTG surveys were simulated on a variety of virtual stem maps to determine if they produce similar 
estimates of Percent Empty Plots (an precursor of OAF1). 
 
Results showed that the FTG survey approach typically overestimated PEP relative to the OAF1 ground 
based survey approach.  When the very low density scenario results are ignored because they are 
unlikely to represent conditions present in a FTG block, overestimates were <4% (<2% for stands with 
>=2500 sph).  Because the FTG estimates were conservative relative to the OAF1 survey estimates, it 
is suggested that this approach could provide a cost effective means of estimating localized OAF1 a/b 
estimates. 
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1.0 Introduction 
 

1.1 Background 
The BC Ministry of Forest and Range’s TASS model (Tree and Stand Simulator) grows individual trees 
in specific stocking patterns/densities while considering interactions between individual trees (i.e. crown 
growth and competition).  This model and its associated interpolation program TIPSY (Tree Interpolation 
Program for Stand Yields) are commonly used to predict yields for managed stands in Timber Supply 
Reviews.  The model was built using research plots that measured growth under ideal conditions and 
full stocking.  In order to reduce these ideal yields down to ‘operational’ yields it is necessary to apply 
Operational Adjustment Factors (OAF’s).  There are currently two different types of OAF’s. 
 
OAF 1 is a constant percent reduction of yields throughout the life of the stand and is meant to reflect 
factors constantly reducing productive area/capacity.   The provincial default value is 15%.  Albert 
Nussbaum of the Forest Analysis and Inventory Branch indicated in 2003 that OAF 1 could be thought 
of as consisting of 4 components: 

 OAF 1a: non-productive areas (e.g. rock outcrops, swamps) not already addressed in the timber 
supply analysis process. 

 OAF 1b: management effects of espacement and non-commercial cover (i.e. stocking gaps, 
non commercial species) 

 OAF 1c: losses due to endemic health factors (disease and pests) 
 OAF 1d: losses due to random risk factors (wind, snow, etc) 

This can be viewed as two simple categories:  1) Gaps in commercial stocking that currently exist (can 
be measured) versus 2) those that might be created in the future as a result of destructive agents.   
Both of these are necessary to predict operational yields at the time of harvest.  It is relatively simple to 
measure the currently existing gaps but more difficult to assess the risk of future additional impacts.  
This unknown future impact makes the development of a full OAF1 value difficult, but not impossible.      
 
OAF 2 is a factor that increases linearly as the stand ages (input value is reached at age of 100).  It was 
primarily designed to reflect decay/waste/breakage and some forest health issues in earlier models, but 
there are now other ways to implement these factors in TIPSY (DWB factor, Armillaria specific OAF, 
other custom OAFs).  In the absence of these other factors, the provincial default for OAF2 of 5% is 
applied.   
 
Previous Work: 
Most previous work on refining OAF estimates1 have focused on OAF1 and specifically the component 
of OAF1 that can be measured in the field.  In 1998, the Forest Practices Branch developed a ground 
based survey methodology (Ground Based Survey Method for OAF1, 1998).   Several projects were 
completed using variations on this block level survey methodology that requires 100 plots per block to 
gather data necessary to feed an “OAF 1 Calculator”2 that provides a final OAF 1 estimate (for a/b 
components only).  The data collected in each block is as follows: 
 

o % empty plots (plots where no acceptable tree is found). This is based on the closest 
acceptable tree to the plot center and its distance from plot center.  (critical distance is either 2.7 
m or 3.6 m depending upon species) 

                                                      
1   http://www.for.gov.bc.ca/HFP/silviculture/OAF1/publications.htm  
2   http://www.for.gov.bc.ca/HFP/silviculture/OAF1/intro_calc.htm
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o Dominant critical distance used in the block 
o total trees/ha 
o stand origin (either planted or natural) 
o site index 

In 2002, the Okanagan IFPA completed a field based OAF1 study focusing on OAF 1a/b components 
(existing gaps) in managed Pl stands in Okanagan TSA.  When the default values for OAF 1c/d 
components were combined with field based results for a/b components, the study suggested overall 
OAF1 values of 12.9% (Wetbelt Pl) and 10.8% (Drybelt Pl).  Similar studies have developed localized 
OAF1 estimates in other areas of the province (e.g. Vanderhoof IFPA, Morice & Lakes TSAs) using 
variations of the MFR ground based survey approach.   
 
The challenge with this documented approach is that it can very expensive to implement at the forest 
level due to the survey effort required (20-30 blocks per stratum x 100 plots/block).  While the OAF1 
survey can to be done in conjunction with a traditional silviculture survey to reduce costs, this typically 
has not been done to date.  This project explores the potential of using existing Free-to-Grow (FTG) 
silviculture survey plot data to develop estimates of local OAF1 a/b values.  If successful, a wealth of 
historical survey data would prove useful in localizing OAF1 (a/b) values across the province at 
significantly reduced costs. 
 
 

1.2 Using FTG Survey Data to Predict OAF1 a/b3: 
FTG surveys range in intensity but are typically implemented using 1 plot per ha.  While this typically 
does not generate the 100 plots per block suggested in the OAF1 ground based survey standard, it 
does provide a random sample of plots that is sensitive to block size and has been deemed sufficient to 
gauge densities for legal free growing declarations.  FTG surveys are also reasonable for OAF1 
estimation because they are completed on young even aged stands where stand intervention is 
complete (as per OAF1 survey).  Ingress may not yet be complete but any further ingress would only 
further reduce the number of holes/gaps in the stand or be too short to be considered in OAF1 surveys 
anyways.  Thus FTG surveys may yield conservative estimates of gaps/stocking.   Another key issue is 
that FTG surveys are only conducted on the Net Area to be Reforested and thus could potentially drop 
plots of interest where they land on unmapped non productive areas.  To address this, any dropped 
plots need to be treated as if they have zero well spaced trees – leading again to potentially 
conservative estimates.   
 
OAF1 ground plots determine if an acceptable tree is within 2.7 or 3.6m of a plot center (depending on 
species).  FTG surveys look for acceptable well spaced trees within 3.99m of a plot center.  The 
hypothesis of this study is that probabilities can be used to predict how likely it is for an empty OAF1 plot 
to occur within a FTG plot based on the number of acceptable well spaced trees (AWST) in the FTG 
plot.  As the number of well spaced trees in a FTG plot increases, the likelihood of an empty OAF1 plot 
being present falls.  For example, if there are no AWST trees in the plot then the probability of an empty 
OAF1 plot is 100%.  If there is 1 tree, then the probability is simply a ratio of the two plot areas.  With 
greater than 1 tree (randomly placed), the probabilities are an exponential function of the ratio of areas: 
 

P = [(silviculture plot area - OAF plot area) / silviculture plot area]N
 
where N = the number of acceptable trees in the silviculture plot.  

 
However, we know that well spaced stems do not occur randomly within the FTG plot because they are 
at least some minimum inter tree distance (MITD) apart.  Thus the probability of two or more trees falling 
outside the OAF1 plot drops more quickly than with a random placement of trees as the potential area 
to fit a tree outside the OAF1 plot and outside the influence of other well spaced trees shrinks.  For 
example, if two well spaced trees are to both fall outside the OAF1 plot, then the second tree must 
occur outside the OAF1 plot and outside the influence of the first tree’s MITD.  See Figure 1.   
 

                                                      
3  Concept developed by Colin Pike of Stella Jones (Bell Pole) (2004). 
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Well Spaced 
Tree #2
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Figure 1.  FTG plot relative to an OAF plot for critical distances of 2.7 and 3.6 meters 

 
Thus the probability of an empty OAF Plot considering MITD’s is: 
 
P = [(FTG plot area – MITD area - OAF plot area) / FTG plot area – Full MITD area]N

 
where       N = the number of acceptable trees in the silviculture plot.  

                  MITD area = area occupied by the MITD circle around each tree placed subsequently to the one having 
     its probability calculated (one less than N trees).  Only the area that falls inside the FTG plot and outside the 
     OAF1 plot is counted in the numerator (already subtracting then entire OAF plot area), while the full area 
     inside the FTG plot is counted for the denominator. 

 
The exact MITD areas consumed by various numbers of well spaced trees varies with the placement of 
those trees, so it is best approximated using simulation techniques where many alternative scenarios 
can be explored quickly. 
 
  

1.3 Purpose 
The purpose of this project is to examine the feasibility of using Free to Grow survey plot data to 
develop the Percent Empty Plots (PEP’s) statistic that is produced by the MFR’s published OAF1 
ground based survey method. 
 
Specifically, this phase of the project will: 
 

1. Use simulation techniques to determine the probability of an empty OAF1 plot occurring within a 
FTG plot with a specific minimum inter tree distance, leading species (OAF plot size), and 
number of well spaced trees. 

 
2. Simulate OAF1 ground based surveys and FTG surveys on a variety of virtual stem maps to 

determine if they produce similar estimates of Percent Empty Plots. 
 

3. State whether existing Free-to-Grow survey data can be used in place of a OAF1 ground survey 
to provide the necessary inputs to the existing OAF1 calculator used to estimate OAF1 a/b 
values.    

 
Phase 2 of this project will test the operational application of the methodology with real survey data 
collected from licensees (planned for fiscal 2010-2011). 
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2.0 Methodology 
 

2.1 Probability Analysis 
A key requirement for using FTG plot data to estimate the Percent Empty Plot statistic is a set of 
probabilities that predict the presence of empty OAF plots within a population of FTG plots.  This 
requires an estimation of the probability that all well-spaced stems in a given FTG plot would fall outside 
of an OAF1 plot with the same center point (Figure 1).  The probabilities are different for combinations of 
well-spaced stems, OAF plot sizes (critical distance either 2.7m or 3.6m), and Minimum Inter Tree 
Distances (MITD’s).   The premise is that as the number of well spaced stems in a FTG plot increases, 
the probability of an empty OAF1 plot occurring decreases.   See section 1.2 for more detail. 
 
To develop the probabilities, a simulation program was written in Java to randomly place trees within a 
FTG plot while ensuring trees are at least the specified MITD apart.  Each simulation continued to place 
trees until one fell inside the OAF plot.  A million simulations were run for each combination of OAF1 
plot size and MITD.  The number of simulations able to place various numbers of well space trees 
outside the OAF1 plot were tracked.  The probability of having x number of well spaced trees fall outside 
of the OAF1 plot was then calculated. 
 
For each simulation, the following sequence of events occurred: 
  

1. Add a random point inside a circle with 3.99m radius.  This can be conceptually done by 
selecting a random angle between 0 and 360, plus a random distance from the plot center (0-
3.99m) weighted so as to give outer radius values a higher chance of occurrence.  For this 
project, the X and Y coordinates of a random point inside a circle were given by4:   

X = R sqrt(r) cosΘ,    
Y = R sqrt(r) sinΘ 

 
Where   R = the radius of the circle (3.99 in this case),  

r = random value between 0-1,   
Θ = random value between 0 and 2π 

 
2. Test if point falls inside the OAF1 plot (circle with 2.7m or 3.6m radius with same center point). 
3. If the point falls within the OAF1 plot, the simulation is over and is scored as zero well spaced 

trees placed outside the OAF1 plot.  
4. If the point falls outside the OAF plot, the simulation continues and one well spaced tree has 

been placed. 
5. Another random point is generated somewhere inside the FTG plot.  If it falls within the MITD of 

an existing point, it is ignored and another point is generated.  Once a well spaced point is 
identified, it is checked to see if it is in the OAF1 plot.  If it is, the simulation is over and only 1 
tree was able to be placed.  In not, two well spaced trees have now been placed. 

6. The process continues to add well spaced points (trees) until one is eventually placed inside the 
OAF plot - ending the simulation.  The output of each simulation is simply the number of well 
spaced trees that were placed outside the OAF1 plot before one landed in the OAF1 plot. 

 
After a million of these simulations, the number of times out of a million that had at least x well spaced 
stems placed outside the OAF1 plot was used to calculate the probability.  For example, if 500,000 of 
the simulations were able to place at least 1 tree outside the OAF plot, then the probability assigned to 
one well spaced tree is 50% (500,000 out of a 1,000,000).  If 50,000 simulations were able to place at 
                                                      
4   Weisstein, Eric W. "Disk Point Picking." From MathWorld--A Wolfram Web Resource. http://mathworld.wolfram.com/DiskPointPicking.html
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least 4 trees, the probability assigned to 4 well spaced trees is 5.0%.  This is equivalent to saying only 
5.0% of FTG plots with 4 well spaced trees would contain an empty OAF1 plot.   
As an example of how this would be used, consider a block with 20 FTG plots that all happened to have 
4 well spaced trees in them.  Based on the example probability of 5%, we would expect one empty 
OAF1 plot to occur in the block (5% of 20 plots).  This then can use used to calculate the Percent Empty 
Plot (PEP) statistic: 1 empty plot out of 20 = 5%.  Once this relationship is clear, it can be seen that it is 
only necessary to calculate the weighted average probability for each block to get the PEP statistic.  
 
 

2.2 OAF1 and FTG Survey Comparisons 
Once plot specific probabilities have been determined, the Percent Empty Plot (PEP) statistics 
generated by the OAF1 survey methodology and the FTP survey methodology can be compared.   The 
key differences between the two survey approaches are: 
 

• Plot density:  the OAF1 survey employs 100 plots per block irrelevant of size, while the FTG 
survey can vary by typically uses 1 plot per ha.  For the purpose of this project, FTG plots 
are assumed to have a 1 plot/ha density. 

• Plot size:  OAF1 plots are smaller (2.7m or 3.6m depending on species) than FTG plots 
(3.99 m radius). 

 
The differences in plot size are designed to be captured by the probabilities already discussed, but the 
successful application of probabilities requires reasonable population sizes.  In an effort to test the use 
of these probabilities in conjunction with a range of sampling densities and stand types, a series of 
scenarios were conceived and then had both OAF1 and FTG surveys simulated on them. 
 

2.2.1 Sample Design 
The key variables that were felt to influence the success of using FTG plots to estimate PEP were block 
size (sampling intensity), the spatial distribution of stems, and stem density.  Three different block sizes 
(10, 40, 100 ha), three different spatial distributions (planted, random, clumpy), and four different stem 
densities (500, 1000, 2500, 5000 sph) were used.   In total, 36 different scenarios were defined and are 
described in Table 1.  All scenarios were assumed to be pine leading (OAF1 plot radius of 2.7m) and 
have a MITD of 2.0 meters in order to keep the number of scenarios reasonable. 
 
Table 1.  Scenarios on which OAF1 and FTG surveys were simulated (all Pl leading with MITD=2) 

Block Size Spatial Distribution 
of Stems 

Stem Density 
(stems/ha) 10ha 40ha 100ha

500    
1000    
2500    

Planted 

5000    
500    

1000    
2500    

Random 

5000    
500    

1000    
2500    

Clumpy 

5000    
 
 

2.2.2 Stem Map Generation 
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Stem maps were generated in TASS by Ken Polsson of the Stand Development Modeling unit of the 
Ministry of Forests and Range.  Twelve stem maps covering 100ha (1km X 1km) were generated – one 
for each combination of spatial distribution and density defined in the sample design above.  In an effort 
to ensure each of the stem maps contained stocking gaps (e.g. non productive or deciduous patches), 
two identical 100 m2 (0.01 ha) gaps per hectare were randomly introduced into the stem maps (~2% of 
the area).  These gaps were identical in each stem map.  See Figure 2 for an example of spatial 
distributions and where stocking gaps locations were ultimately inserted. 

 
Figure 2.  Example portions of stem maps (approx 3-4 ha) for three spatial distributions at 1000 sph 

To deal with block size, portions of the 100ha maps were selected.  For 10ha blocks, 200m by 500m 
areas were selected, while the 40ha blocks used 500m by 800m areas.  The same area was selected 
from each of the 12 large stem maps to create the block replicates.   
 
 

2.2.3 OAF1 Simulation 
Using a computer simulation written in Python, OAF1 surveys were performed by placing a 100 plot grid 
on each stem map using a random start point.  As stated earlier, only 2.7 m radius plots were simulated. 
The plot grid was placed so that all 100 plots fell entirely within the stem map (plot centers were always 
2.7m from the edge).   The following plot spacing’s were used: 
 

10 ha blocks:    20 by 50 meters   (10 plots/ha) 
40 ha blocks:    50 by 80 meters   (2.5 plots/ha) 
100 ha blocks:  100 by 100 meters  (1 plot/ha) 

 
The simulation visited each plot in the survey and determined whether at least one stem was within 
2.7m (critical distance for Pl) of each plot center.  A tally was kept of empty plots found in the block and 
this number was recorded and used to calculate a PEP statistic for the survey.   
 
A total of 2500 simulations (OAF surveys) were completed on each of the 36 scenarios.  This resulted in 
36 frequency distributions that showed the range of PEP’s achieved over the 2500 surveys completed 
on a given scenario (i.e. 500 sph/random/10ha blk). 
 
 

2.2.4 FTG Simulation 
The FTG simulation was also written in Python and worked to place a constant 100 m by 100m plot grid 
(1 plot/ha) onto each scenario.  Thus, each block size had a different number of plots but a constant plot 
density: 
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10 ha blocks:    10 plots    (1 plot/ha) 
40 ha blocks:    40 plots    (1 plot/ha) 
100 ha blocks:  100 plots (1 plot/ha) 

 
The plot grid was placed using a random start location that ensured all plots fell entirely in the stem map 
(plot centers were always 4m from the edge).    
 
The simulation visited each plot in the survey and determined the number of well spaced stems within 
3.99 meters of the plot center.  This was done by sequentially identifying stems within the plot and then 
checking if they were within the MITD (2 m) of any previously indentified stems in the plot.  Those closer 
than 2 m of a previously identified stem were ignored.  The plot was complete when all stems in the plot 
had been reviewed.  It was recognized that the well placed stems tally for a given plot can be dependant 
on the order in which the stems are selected and tested for spacing.  To ensure the maximum well 
spaced stems were counted, 100 iterations were done at each plot where the initial stem selected was 
chosen at random.  The maximum of the 100 well spaced counts was assigned to the plot.   
 
Once all of the plots had well spaced stem counts assigned, a frequency table of plots by well spaced 
stem counts was compiled.  The probabilities provided in section 3.1 were then applied and a PEP 
statistic calculated for the survey.  An example survey compilation is shown in Table 2. 
 
Table 2.  Example calculation of PEP from FTG survey data (40 ha block, Pl stand, MITD=2) 

No. of Well  
Spaced  
Stems 

No. of  
Plots 

Prob of  
Empty  
OAF Plot 

Empty  
OAF Plots 

0 1 100.0% 1.00 
1 0 54.2% 0.00 
2 1 28.5% 0.28 
3 2 14.4% 0.29 
4 11 6.8% 0.75 
5 17 2.9% 0.50 
6 7 1.0% 0.07 
7 1 0.3% 0.00 
8 0 0.0% 0.00 

Totals 40  2.89 
    
7.2% Percent Empty Plots   (2.9 / 40 plots) 

 
 
A total of 2500 simulations (FTG surveys) were completed on each of the 36 scenarios.  This resulted in 
36 frequency distributions that showed the range of PEP’s achieved over the 2500 surveys simulated on 
a given scenario. 
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3.0 Results 

3.1 Probability Analysis 
The results of the probability analysis described in Section 2.1 are provided below in Table 3.  For each 
critical distance and MITD combination, the table shows how the 1 million simulations where distributed 
by acceptable well spaced stems (AWSS).  For example, when a 2.7m critical distance is combined with 
a 2.0 meter MITD: 

• 100% of the simulations were able to place 0 well spaced stems outside the OAF1 plot,  
• 54.2% of the simulations were able to place 1 well spaced stem outside the OAF1 plot, and 
• 28.5% of the simulations were able to place 2 well spaced stems outside the OAF1 plot.   
• 14.4% of the simulations were able to place 3 well spaced stems outside the OAF1 plot.   
• and so on. 

By the time 7 well spaced stems are present in the FTG plot, there is only a 0.3% chance they will all fall 
outside the OAF1 plot.   Beyond 7, the table reflects a zero probability but if enough decimal places 
were shown, the probability is not truly zero until 10 well spaced stems for this circumstance. 
 
Table 3.  Probabilities that all acceptable well spaced stems in a FTG plot occur outside an internal 
OAF1 plot with the same plot center 

Probability that all Acceptable Well Spaced Stems (AWSS) in a Free Growing 
survey plot fall outside an OAF1 plot with the same plot center 

Minimum Inter Tree Distance (MITD) used in FTG Survey 
Critical  

Distance  
(OAF1   

Plot Size) 

No. of   
Acceptable  

Well Spaced 
Stems 

(AWSS) 
Random  
(MITD=0) 1.0m 1.5m 1.75 2.0 2.25 

0 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
1 54.3% 54.2% 54.2% 54.2% 54.2% 54.2%
2 29.4% 28.6% 28.3% 28.4% 28.5% 28.7%
3 15.9% 14.6% 14.1% 14.2% 14.4% 14.8%
4 8.6% 7.1% 6.6% 6.7% 6.8% 7.2%
5 4.7% 3.4% 2.9% 2.9% 2.9% 3.1%
6 2.5% 1.5% 1.1% 1.1% 1.0% 1.1%
7 1.4% 0.7% 0.4% 0.3% 0.3% 0.2%
8 0.8% 0.3% 0.1% 0.1% 0.0% 0.0%
9 0.4% 0.1% 0.0% 0.0% 0.0% 0.0%

2.7m 
 

(Pl, Sx, Bl) 

10 0.2% 0.0% 0.0% 0.0% 0.0% 0.0%
        

0 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
1 18.5% 18.7% 18.6% 18.6% 18.6% 18.6%
2 3.4% 3.3% 3.3% 3.3% 3.3% 3.3%
3 0.6% 0.6% 0.5% 0.6% 0.5% 0.6%
4 0.1% 0.1% 0.1% 0.1% 0.1% 0.1%
5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
7 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
8 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
9 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

3.6m 
 

(Cw, Hw, 
Fd, Ss, Ba, 

 Lw, Pw,  
Py, Yc) 

10 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
 
Several general trends exist in the probabilities table: 

1. For a given number of well spaced stems, a random placement of stems (MITD=0) provides the 
greatest flexibility in placement and therefore has the highest probability of an empty OAF plot 
occurring.  As MITD’s are increased from zero (random) to 1.5 probabilities decline, but then 
begin a slight increasing trend as MITD’s get above 1.5.  MITD’s initially force stems to be more 
evenly spaced (less clumped) which makes it less likely that multiple stems can occur and not 
have one fall inside the OAF1 plot.  The higher MITD’s begin a reversal of this trend because 
larger MITD rings around previously placed trees begin to make it more likely that a well spaced 
location occurs in the outer ring than in the OAF plot.  An extreme case (MITD of 7.5m) 
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illustrates the point.  Once one stem is known to be present outside the OAF1 plot, the 7.5 
meters would exclude any well spaced stems from being inside the OAF1 plot, so the probability 
of an empty OAF plot is 100% for 2+ WSS’s in this case. 

 
2. The larger OAF1 plots used for species with larger crowns (critical distance = 3.6), result in 

much lower probabilities when compared with the smaller OAF plot.  For example, the 
probabilities associated with 1 well spaced stem are ~18.6 for the larger OAF1 plot and ~54.2% 
for the smaller OAF1 plot.  This is intuitive because the larger OAF1 plot almost consumes the 
FTG plot and leaves little room to fit well spaced stems outside of the OAF1 plot.  The larger 
OAF1 plot is now more likely to contain any stems that do occur in the FTG plot.  Once there 
are 3 well spaced stems, there is very small chance (<1%) of an empty OAF1 plot occurring. 

 
 

3.2 PEP Estimates from OAF1 and FTG Surveys 
3.2.1 PEP Estimate Comparisons  

Once the 2500 OAF and FTG surveys were implemented on each block size/stem map combination, a 
frequency distribution was available for each scenario that described how often various PEP estimates 
were obtained by the surveys.  The mean PEP was then calculated from each distribution and 
comparisons were made between results from OAF1 and FTG survey approaches.  Figure 3 below 
reflects the difference in OAF and FTG results for each scenario assessed, while Error! Reference 
source not found. provides the actual mean PEP values obtained. 
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Figure 3.  Difference in mean PEP estimates generated from OAF and FTG survey simulations 

The results show that FTG survey data tends to overestimate PEP’s in almost all cases.  It also shows 
that the differences in PEP estimates from the two survey types was less then 2 for higher stand 
densities (2500+ sph), within 1-4.2 for 1000 sph, and generally within 0-3 for the lowest stand density 
(500 sph).  The anomaly was the ‘500sph-planted’ scenario where the PEP values from the FTG survey 
were higher by 14 when compared to the OAF survey.  The study did not have the time or resources to 
explore this anomaly fully but this large overestimate of the PEP value likely occurred because, at wide 
regular spacing’s (i.e. 4.5m for 500 sph) the probabilities associated with MITD=2m are too high.  In this 
scenario, the FTG plot typically only had 2 stems in it - often just missing the 3rd and 4th.  It is likely that 
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when actual stand spacing is significantly larger than the MITD used to develop the probabilities (i.e 
very low stand densities), the FTG survey method will significantly overestimate the PEP present.  
Operationally this is not expected to pose a serious problem as FTG stands rarely have such low stand 
densities, or they would not meet FTG requirements. 
 
The results also show that there is often very little difference in PEP estimates resulting from variations 
in block size (sampling density).  For each sph/spatial distribution cluster shown on the graph above, 
three block sizes are shown and they tend to be very similar (difference in PEP of <1).  For example, the 
1000 sph /planted scenario indicates that, for all blocks sizes, the FTG survey approach produced 
results that were different by 3.1%.  The largest difference in PEP that occurred as a result of different 
blocks size (i.e. sampling density) was 0.8%.  Thus, block size and therefore sampling density does not 
appear to have a significant impact on the estimates of PEP over a wide range of stem densities and 
spatial distributions.  This result was anticipated because of the uniformity in the blocks but it was also 
anticipated that the random opening that were introduced would result in some differences as sampling 
density changed.  
 
Table 4 shows that percent empty plots decrease with stand density, irrespective of the survey method.  
The clumpy 500 sph scenarios contained 52-56% empty plots.  This is logical because the low stocking 
and clumpy distribution combine to create large holes in the stand.   
 
The largest difference between OAF and FTG survey results occurs in the 500 sph planted scenario (all 
block sizes) where the OAF survey indicates 10-11 PEP’s and the FTG survey indicates ~25 PEP’s 
(difference of ~14 as shown in graph above).   This difference is cause for concern but blocks are not 
typically declared FTG with only 500 sph, so it should not be a significant issue operationally. 
 
Table 4.  Mean PEP estimates generated from OAF and FTG survey simulations (Pl stand, MITD=2) 

Survey Scenario  10ha Block 40ha Block 100ha Block 
Type Name Avg PEP Std Dev Avg PEP Std Dev Avg PEP Std Dev 
FTG 500 Clumpy 55.82 12.55 56.79 5.65 55.55 3.40 
OAF 500 Clumpy 56.47 5.36 56.76 4.71 55.77 4.53 
FTG 500 Planted 25.29 5.18 25.05 2.33 24.98 1.53 
OAF 500 Planted 11.38 3.57 10.91 2.94 10.86 3.10 
FTG 500 Random 37.10 8.59 37.46 4.33 37.23 2.56 
OAF 500 Random 35.12 4.71 34.75 4.55 34.90 4.67 
FTG 1000 Clumpy 31.78 11.54 32.71 5.12 32.30 3.07 
OAF 1000 Clumpy 30.91 5.59 31.77 4.31 31.55 4.42 
FTG 1000 Planted 4.98 3.12 4.97 1.55 4.99 0.97 
OAF 1000 Planted 1.83 1.39 1.84 1.42 1.79 1.36 
FTG 1000 Random 17.50 5.81 17.26 2.90 17.14 1.75 
OAF 1000 Random 13.94 3.28 13.03 3.30 12.76 3.32 
FTG 2500 Clumpy 9.05 5.32 9.30 2.78 9.09 1.64 
OAF 2500 Clumpy 7.30 2.28 7.35 2.63 7.38 2.59 
FTG 2500 Planted 0.76 2.46 0.56 1.07 0.52 0.70 
OAF 2500 Planted 1.07 1.08 1.01 1.01 0.97 0.99 
FTG 2500 Random 3.42 2.70 3.37 1.43 3.32 0.85 
OAF 2500 Random 1.69 1.36 1.54 1.25 1.52 1.28 
FTG 5000 Clumpy 5.45 3.94 5.97 2.12 5.93 1.27 
OAF 5000 Clumpy 3.87 1.85 4.56 2.14 4.52 2.07 
FTG 5000 Planted 0.55 1.98 0.46 0.97 0.40 0.62 
OAF 5000 Planted 0.82 0.95 0.83 0.95 0.77 0.89 
FTG 5000 Random 0.76 2.38 0.61 1.08 0.61 0.72 
OAF 5000 Random 0.92 1.02 0.90 0.97 0.86 0.92 

 
Example PEP distributions obtained from the 2500 surveys is provided below by stem density group.  
Because there was little difference resulting from block sizes, only the 40ha block data is shown. 
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3.2.1.1 Low Density Stands (500 sph) 
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3.2.1.2 Moderate Density Stands (1000 sph) 
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3.2.1.3 High Density Stands (2500+ sph) 
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3.2.2 Statistical Difference 
Various statistics were run to compare the FTG and OAF surveys distributions, but the results were not 
helpful.  The t-test, for example, confirmed that the means were statistically different in all cases 
because with such large sample sizes (2500 simulations) we are effectively looking at populations - 
where even small changes are statistically significant.  Thus, we know the two approaches yield 
different answers, which leaves the question of ‘is the difference acceptable’.   
 
Our goal is to produce OAF1 a/b estimates so it is helpful to consider what the ultimate impact on these 
estimates would be.  The PEP statistic is designed to be put into the OAF1 calculator along with other 
stand information so that and OAF a/b value can be determined.  In general, a unit change in the PEP 
results in about a 0.8 change in the percent empty plot statistic.  It is also important to note that the 
calculator only uses integers as the input for PEP’s so a difference of less than one in PEP would give 
essentially the same OAF1 value.    
 
As the difference seen here are sometimes higher than 1, the use of the FTG survey approach would 
result in meaningfully different estimates of OAF’s.  However, the FTG approach tends to provide 
conservative results (overestimates PEP’s) and this data could be viewed as better than assuming the 
provincial default. 
 
 
 

4.0 Conclusion / Discussion 
When Percent Empty Plots (PEPs) were estimated using FTG survey data and custom probabilities, 
results typically overestimated PEP relative to the OAF1 ground based survey approach.  When the 
very low density scenario results are ignored because they are unlikely to represent the conditions 
present in a FTG block, overestimates were <4% (<2% for stands with >=2500 sph).  Because the FTG 
estimates were consistently conservative relative to the OAF1 survey estimates, it is suggested that this 
approach could provide a cost effective means of estimating localized OAF1 a/b estimates.   
 
Results were only obtained using a single MITD (2.0 m) and OAF1 plot size (2.7 m).  It is unlikely that 
different MITD’s will lead to different results as the probabilities between MITD’s are very similar, but 
further investigation of the large OAF1 plot is warranted.  It is anticipated that comparisons using the 
larger OAF1 plot will lead to better similarities to with the OAF1 survey because the differential in plot 
sizes is less. 
 
It was noted in the results section that wide uniform spacing of stems (> MITD used to generate 
probabilities) can lead to overestimates by the FTG survey methodology.   Additional work should be 
done to expand on the range of MITD’s with probabilities reported so that this issue can be further 
examined. 
 
It is recognized that this approach only serves to provide information on the ‘current’ gaps portion of 
what OAF1 is meant to address, and that the future impacts component still remains an important 
unknown element of OAF1. 
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