
Report on Compiler Function and Derivation 

OVERVIEW 
 
In 2005 the Morice-Lakes IFPA members (led by Canfor) proposed developing a multi-
block survey system and landscape level stocking standards to measure reforestation 
performance within the IFPA.  Perceived benefits included: 

• Flexibility to invest first in those treatments/sites which yield greatest gains at least 
cost. 

• Opportunity to better allocate area or emphasis to biodiversity objectives. 
• A better link between reforestation effort and timber supply analysis. 
• A potential opportunity to link AAC allocations to regeneration performance. 
• Government review and tracking at the multi-block level. 
• Reduced survey costs. 

 
Funding was provided in 2005 through the Forest Investment Account to undertake this 
work.  A fundamental aspect of the project was to develop a compiler to calculate target 
future volume and predicted future volume and confidence interval by strata from early 
stand conditions.  This information is used to determine whether regeneration 
performance for a population of cutblocks is adequate.  The basic test is whether the 
predicted future volume from all cutblocks combined exceeds the target volume for all 
cutblocks combined assuming aggressive regeneration practices.  This report explains 
how the compiler works so that someone could use it if they were familiar with multi-
block surveys and standards.  It is not meant to be a project report covering other aspects 
of the project such as results and recommendations.  The project report will be produced 
once feedback on the compiler and its utility has been received. 
 
The compiler has been developed to produce information for two basic types of 
compilation; stand yield from mean stocked quadrant data, and stand yield from 
conventional silviculture survey data (stems/ha).  It consists of five worksheets (before it 
is run).  Once a compilation has been run, a number of new sheets are automatically 
created.  The initial sheets include: 

 
Data Worksheet 

• all plot information is entered here 
Stratum Description Worksheet 

• Before a stratum can be compiled, the stratum description page must be 
completed 

Compiler Worksheet 
• This worksheet provides the compiler with instructions on how to run 

including: 
i. the name for the compilation - this will be the name for the new 

worksheet created. 
ii. the stratum to compile. 

iii. The plot type and site index method used.  For site index method, 
it is currently set up that if growth intercept is used, it will use the 
plot site index, if SIBEC correlations are used, it will use lookup 
tables according to the BEC Zone, site series, and leading species. 
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iv. a spot to enter an OAF 1 value for the target merchantable volume 
calculation. 

Volumes Worksheet 
• This sheet lists the volume summaries from all strata compiled.  A minor 

drawback to this sheet is that if a worksheet for a compiled stratum is 
deleted, the volumes will not be deleted from the volume summary.  This 
will have to be done manually.  In future revisions it should be possible to 
automatically delete the entry if the worksheet is deleted. 

Results Worksheet 
• It is the main page where all calculations occur.  Once the calculations 

have been completed, a copy of the worksheet is made and the new sheet 
is renamed according to the value that was entered on the Compiler page. 

• This page normally remains hidden.  In order to see the sheet and all the 
formulae, scroll down to row 1001 on the "Compiler" sheet and in cell 
"C1001" enter "test". Then scroll back up and enter the information for the 
run you would like to complete, then click on “press here to compile the 
information”.  In the new sheet that is created you will see both the values 
and formulae.  If you scroll all the way up to the top of the page, all the 
calculations are there, with the formulae. 

• Colour coding is used on the results worksheet to help in interpretation as 
follows: areas with calculations will alternate between light turquoise and 
tan, and lookup tables will be grey. 

 
DETAILED DESCRIPTION 
In this section, the calculations which are used to generate the Results Worksheet are 
explained.  There are 25 basic parts: 

1. Stratum Information,  
2. Mean Stocked Quadrant information,  
3. Tree Height statistics,  
4. Effective Age (EA) calculations,  
5. Mean Predicted Merchantable Volume (PMV) calculations,  
6. Lower Confidence Limit for PMV calculation,  
7. Upper Confidence Limit for PMV calculation,  
8. Error calculations,  
9. Target Merchantable Volume (TMV) calculations,  
10. Inventory Label determination,  
11. Inventory Age determination,  
12. Inventory Height determination,  
13. Site Index determination,  
14. Crown Closure determination,  
15. Total Stems per Hectare calculation,  
16. Total Conifers per Hectare calculation,  
17. Well Spaced Trees per Hectare calculation,  
18. Free Growing Trees per Hectare calculation,  
19. Slope, Spacing, and OAF1 determination,  
20. BEC Zone determination,  
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21. Site Series determination,  
22. Volume Summary,  
23. Summary of Results,  
24. Data Organization, and  
25. the Compiler Macro. 

 
Part 1 - Stratum Information (coloured light turquoise) 
• Basic stratification is done by the surveyor after field data collection.  Areas that are 

relatively uniform in terms of species, site index, and whether the area is SR or NSR 
are delineated on maps and all plots that fall within them are assigned a stratum 
number (regardless of whether an individual plot conforms to the stratum 
description). 

• In the compiler, this information is just copied from the stratum description sheet. 
Stratum number, plot type, and site index (SI) method are based on the information 
that is entered into the compiler sheet. 

• If SIBEC is entered on the compiler sheet, the SI value for each plot is determined 
from a lookup table (site index is looked up by BEC zone, site series and leading 
species - starts at row 453) and the average is calculated. 

• If Growth Intercept (GI) is entered on the compiler sheet, the SI value is calculated as 
an average of the site index values from the sample trees in the stratum (not the 
inventory SI).  If the stratum is a pine leading stratum, only pine GI values are used, if 
it is spruce, spruce values are used, if it is a mixed stratum, the SI values for pine, 
spruce, and balsam are used. (Note: to use pine and spruce but not balsam only one 
formula needs to be changed). 

• If SI is outside of the range 15-25, the cell will appear red in the results section. 
 
Part 2 - MSQw and MSQf Statistics (coloured tan) 
• During data collection in the field, surveyors were required to assess whether there 

was an acceptable tree that stocked the quadrant that was free growing (MSQf).  If 
there was a tree but it was not free growing, it was considered to be MSQw.   

• In this section of the worksheet, means for the stratum for these two values are 
calculated. 

• Predicted merchantable volume (PMV) is then calculated (different section of the 
sheet) using both MSQw and MSQf. 

• The upper and lower confidence intervals are also calculated for both MSQw and 
MSQf using a 95% confidence interval. 

 
Part 3 - Tree Height Statistics (coloured light turquoise) 
• The mean, upper, and lower confidence intervals are calculated for the height of the 

leading species in each stratum. 
• Tree heights come from sample tree heights and not the inventory heights. 
• The heights are copied into columns on the right of the data table on the results sheet 

in order to place them under the appropriate species, rather than sample tree 1, 2 and 
3. 
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• If the stand is either pine or spruce, only the stats for those species are pasted.  
However, if the stand is a mix, then stats for all conifers is pasted, and then either 
pine value or spruce value is chosen depending on which one is leading species. 

 
Part 4 - Effective Age (coloured tan) 
• Effective Age (EA) is a function of top height, site index, and species.  It is 

determined from juvenile height growth models developed by the Ministry of Forests 
(Nigh and Love 1999) and is used to compensate for differences in early stand 
development.  A 10 year old stand that is 0.5 m shorter than what would normally be 
expected at that age might have an effective age of only 8 years for example.   

• The mean, upper, and lower effective ages are calculated using the mean, upper, and 
lower tree height calculations from part 3 above. 

• The lookup table used is the same table as on page 64 and 65 of the July 5, 2004 JS 
Thrower report.  Note that values used in subsequent calculations are labelled 
“Corrected” (row 127).  This reflects the need to match calculated effective ages with 
effective age classes in the PMV lookup table (starting at row 132). 

• The effective age tables are only for pine and spruce, so if the leading species is a 
different species, then the effective age will return an "INVALID SPECIES" and the 
compilation will not return correct data.  

• If effective range is outside of 5-13, the cell will appear red in the results section. 
 
Part 5 - Mean Predicted Merchantable Volume (coloured turquoise) 
• This part of the sheet calculates predicted merchantable volume (PMV) using MSQw 

or MSQf.  Input variables include SI, effective age, stand type, and MSQ values.  
• Functions for PMVw and PMVf are the same except PMVw uses MSQw, and PMVf 

uses MSQf.  Because the equations are the same for both, the following explanation is 
is provided for PMVw only. 

• Site Index: this step is used to facilitate interpolation between SI values (see bullets 
under stand type below) since the look up tables for PMV coefficients only work on a 
site index of 15, 20 and 25.  When a mean site index value falls between these 
numbers, the upper and lower limit of the range is identified.  For example, if SI is 
19, the upper SI is 20 and the lower SI is 15.  If the SI is less than 15 or greater than 
25, a PMV value can not be calculated.   

• Actual EA: Like site index, this step is used to facilitate interpolation between SI 
values (see bullets under stand type below) since the look up tables for PMV 
coefficients only work for effective ages of 5, 7, 10, and 13.  If the SI is less than 5 or 
greater than 13, a PMV value cannot be calculated. 

• Stand Type and MSQ values: these are just copied from cells calculated in Parts 1 
and 2 above. 

• Because there are two possible values for SI and two for EA for each stratum, four 
equations are potentially needed to get PMV. 

• Equation 1 in the worksheet uses the higher SI and the higher EA. 
• Equation 2 uses the higher SI and the lower EA. 
• Equation 3 uses the lower SI and the higher EA. 
• Equation 4 uses the lower SI and the lower EA. 
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• The equation used to calculate PMV has the form PMV= a + b(MSQ) + c(MSQ2) 
where a, b, and c are coefficients.  The equation and coefficients were based on a 
regression analysis of simulations of stand yield produced by JS Thrower and 
Associates using the Ministry of Forests Tree and Stand Simulator (TASS).  212  3 ha 
TASS simulations were run with varying site indices (15, 20, 25), species 
compositions (0 to 100% of Fdi, Pl, or Sx), planting density (400 to 1400), natural 
ingress density (400 to 8,000), spatial distribution (random vs clumped) and ingress 
periods.  They produced stem maps for ages 5, 7, 10, and 13, as well as a yield table 
for each stand, listing volume for the first 15 years and every five years after that to 
age 120.  They then simulated 30 different surveys on each of the 2,212 stands for 
each stem map (4) resulting in 265,440 surveys.  In each survey, they simulated 48 
plots noting species and height of tree in each stocked quadrant to get MSQ for 
various stand conditions.  A range of site index, harvest age, and species 
combinations were assessed using regression analysis to fit curves to this data.  216 
curves were produced (18 sets of 12 anamorphic curves, one for each species and site 
index combination).   

• The equations for various combinations of effective age and site index (described in 
the bullets prior to the last bullet) are used together with stand type to lookup the 
values for the coefficients a, b, and c.  The MSQ value for the stratum determined 
above and these coefficients are then used to calculate PMV. 

• In excel, the PMV equation was as follows: 
o =ROUND(SUM($E$157+PRODUCT($E$158,$E$160)+PRODUCT($E$

159,(PRODUCT($E$160,$E$160)))),4) 
o which is  
o =A+(B*MSQ)-(MSQ-C)2 

• This was done for all 4 equations to produce 4 different MSQ values. 
• The next step had three options, as documented on page 25 of the JS Thrower July 5, 

2004 report: 
o Option A is used when both the upper and lower SI are equal (ie SI equals 

15, 20, or 25) and both upper and lower EA are equal (i.e. EA equals 5, 7, 
10, or 13).  In this case all 4 equations above produce the same value, so 
the value from equation 1 is used as PMV (any of the four could have 
been used but the first one was chosen) 

o Option B is when only one set of the upper and lower numbers match (for 
example,  SI is 20 but EA is 8).  In this case linear interpolation between 
the 2 different values from the different EA is required.  To do this in 
excel, the following formula was used: 

 =IF($B$168="B",IF($B$154<>$B$155,ROUND(PRODUCT(((M
AX($B$164:$B$167)-MIN($B$164:$B$167))/($B$154-
$B$155)*($B$153-
$B$155))+MIN($B$164:$B$167)),4),IF($B$158<>$B$159,ROU
ND(PRODUCT(((MAX($B$164:$B$167)-
MIN($B$164:$B$167))/($B$158-$B$159)*($B$157-
$B$159))+MIN($B$164:$B$167)),4),"N/A")),"N/A") 

 The 4 equations should produce 2 different values in this case, so 
the algorithm looks to see where the different values are (i.e. 
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between equation 1 and 2 or equation 3 and 4).  If it is between 1 
and 2, the formula takes the biggest PMV value and subtracts the 
smallest PMV, divides this by the difference in the lower and 
upper SI (this is always 5), and then mutiplies the value by the 
difference between the actual SI and the lower SI (i.e. if SI is 19, 
the difference between 19 and 15 is 4).  The formula then adds the 
PMV value for the lower SI. 

 The formula is: 
 (PMVupper SI - PMV lower SI) * (Actual SI - Lower SI) + Lower 

PMV  (Upper SI - Lower SI) 
o For Option C, both the lower and upper EA's and SI’s are different.  This 

means all 4 equations will have different values.  The linear interpolation 
process to arrive at PMV is similar to option B except it is repeated twice 
as follows: 

 =IF($B$168="C",ROUND(PRODUCT(((ROUND(PRODUCT(($
B$164-$B$165)/($B$158-$B$159)*($B$157-
$B$159))+MIN($B$164:$B$165),4))-
(ROUND(PRODUCT(($B$166-$B$167)/($B$158-
$B$159)*($B$157-
$B$159))+MIN($B$166:$B$167),4)))/($B$154-
$B$155)*($B$153-$B$155)+ROUND(PRODUCT(($B$166-
$B$167)/($B$158-$B$159)*($B$157-
$B$159))+MIN($B$166:$B$167),4)),4),"N/A") - the yellow part 
of the equation calculates the PMV using the upper SI and the 
actual EA (like in the option B equation), and the blue and grey 
parts both calculate the PMV value for lower SI and the actual EA, 
similar to option A.  The whole equation together is the same as 
the last equation on page 26 of the JS Thrower July 5 2004 report. 

 1) (PMVupper EA - PMV lower EA) * (Actual EA - Lower EA) + Lower PMV 
                     (Upper EA - Lower EA) 

 2) (PMVupper EA - PMV Lower EA) * (Actual EA - Lower EA) + Lower PMV 
                      (Upper EA - Lower EA) 

                (1-2)                * (Actual SI - Lower SI) + Lower SI PMV (2) 
  (Upper SI - Lower SI) 
 The final PMV is selected from option A, B, or C depending on 

whether all PMV values are the same (option A), there are two 
different values (option B), or all 4 values are different (option C). 

 
Part 6 - Lower CL PMV (coloured tan) 
• There are three sources of error contributing to the variance of PMV:  sampling error 

for the estimate of MSQ, sampling error for the estimate of effective age, and 
prediction error from the equations produced by Thrower from the regression 
analysis.  Parts 6, 7, and 8 of this compiler address these sources of error.  In this part, 
lower confidence interval for PMV is calculated using the same set of equations used 
in calculating Mean PMV (part 5) but the lower confidence limit for EA and MSQ are 
used instead of the mean. 
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Part 7 - Upper CL PMV (coloured light turquoise) 
• In part seven , the upper confidence interval for PMV is calculated using the same set 

of equations used in calculating Mean PMV (part 5) but the upper confidence limit 
for EA and MSQ are used instead of the mean. 

 
Part 8 - Error Calculations (coloured tan) 
• In part eight, steps 7-12 on page 20 of the JS Thrower report (Thrower, July 5th, 2004) 

are built into the spreadsheet to determine the 95% confidence interval for predicted 
merchantable volume for each stratum as follows: 

o Step 7 = sampling variance = POWER(PRODUCT(($B$220-
$B$197)/4),2). 

o Step 8 = prediction variance. Linear interpolation was used to extract the 
range of values provided in Table 9 from the Thrower report.  This was 
used to produce a lookup table for variance based on species and SI. 

o Step 9 = not required because it is covered in step 8. 
o Step 10 = combined variance =SUM($B$238,POWER($B$237,2)). 
o Step 11 =  calculate PMV: see parts 4, 5, and 6. 
o Step 12  = 95% confidence interval.  This is the mean PMV + 2*SE.  This 

step yields the upper and lower confidence interval for PMV.  These 
numbers are displayed on the final results sheet. 

 
Part 9 - TMV calculation (coloured turquoise) 
• Target Merchantable Volume is calculated using the same set of equations used in 

calculating Mean PMV except EA is fixed at 10 and MSQ is fixed at four.  There is 
also an OAF1 adjustment.  It is possible to change the OAF adjustment factor on the 
compiler page. 

 
Part 10 - Inventory Label Species Composition (coloured tan) 
• In this section the means for all the percentages entered for each species in the 

inventory component of the data entry page are calculated.  In the data section for 
each stratum, there are several columns used to calculate this.  Column CB 
determines the leading species for the plot.  If there is a tie between species, for 
example Pl4 Sx4 Bl2, or Pl4 Bl4 Sx2, the tie will always go to pine.  If the tie is 
between Sx and Bl, the tie always goes to spruce.  This was necessary in order to 
capture more of the heights. 

• Once the leading species is determined, the heights for that species are put into 
column CD.  The inventory height of the leading species is then calculated taking the 
average of the values in column CD.  The same process is used to determine 
inventory age and site index. 

 
Part 11 - Inventory Age (coloured turquoise) 
• See part 10 above. 
 
Part 12 - Inventory Height (coloured tan) 
• See part 10 above. 
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Part 13 - Site Index (coloured turquoise) 
• See part 10 above. 
 
Part 14 - Crown Closure (coloured tan) 
• This calculation is a simple average of all crown closure values entered. 
 
Part 15 - Total Trees per Hectare (coloured turquoise) 
• Confidence interval statistics at the 95% level are run on the total tree column, 

producing a mean and a lower and upper confidence limit. 
 
Part 16 - Total Conifers per Hectare (coloured tan) 
• Confidence interval statistics at the 95% level are run on the total conifer column, 

producing a mean and a lower and upper confidence limit. 
 
Part 17 - Total Well Spaced Trees per Hectare (coloured turquoise) 
• Information on well spaced trees is found in the data worksheet where the number of 

well spaced trees for each plot is recorded, including those over the M value.  To 
account for M values, the well spaced values are copied to a column to the right of the 
data on the results sheet.  Here, if the well spaced number is greater than the 
TSS/1200, the value becomes TSS/1200, otherwise the actual well spaced number is 
entered. 

• Confidence interval statistics at the 95% level are run on the well spaced column, 
producing a mean and a lower and upper confidence limit. 

 
Part 18 - Total Free Growing Trees per Hectare (coloured tan) 
• Calculations for free growing stems are the same as for well spaced (part 17) but 

using the FG column. 
 
Part 19 - Slope, Spacing, and OAF1  (coloured turquoise) 
• Slope and spacing are lookup values in the table at the top of the sheet. 
• Currently OAF is not accounted for anywhere.  During a survey of 20 blocks (601 

plots) undertaken as part of the exercise to develop this compiler, there was only one 
plot that had an OAF1 hole.  It can be entered as an override in the compiler sheet 
currently.  Future versions of the compiler will need to calculate this value based on 
plot data. 

 
Part 20 - BEC Zone (coloured tan) 
• This function simply counts all the BEC zones listed within the plots and then makes 

the one with the highest count the leading BEC Zone. 
 
Part 21 - Site Series (coloured turquoise) 
• This function is very similar to BEC Zone, except it also calculates the second and 

third leading site series.  A drawback is the lack of percentages for each stratum, 
although this could potentially be added in the future. 
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• If the count of site series present is the same within 2 site series it will name the one 
higher on the list as the 2nd site series and the one lower on the list as the 3rd (the 2nd 
and 3rd are just examples, could be 1st and 2nd).  For example, if the count of site 
series for 01 there is 20, 02 is 5, and 06 is also 5, the results will be 1st=01, 2nd=02 
and 3rd=05.  This could be changed if deemed necessary so that site series which 
occur more often (e.g. 05 and 06), move to the top of the list. 

 
Part 22 - Volume Summary  
• This is the information that is copied to the volume summary page.  The only 

calculation in this section is that volumes are multiplied by area to get total volumes. 
 
Part 23 - Summary and Results 
• This section of the compiler starts at row 1000 and is simply where all the results get 

reported out. 
 
Part 24 - Data 
• Input data starts at row 2001. 
 
Part 25 - The compiler Macro 
• Each step of the macro is explained within the macro itself.  The macros main 

function is to: 
1. identify which stratum is being compiled; 
2. copy plot information to the results page; 
3. run the statistics described above; 
4. copy the volumes to the volume summary page; 
5. rename the worksheet as the compilation name; and 
6. save the worksheet. 

• The macro also ensures that the Compiler, Stratum Description, Volumes and Results 
sections remain protected.  This allows only cells that should be altered to be altered. 
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LIMITATIONS OF THIS VERSION OF THE COMPILER 
 
Species the compiler can deal with include Pl, Bl, Sx and At only. 
• It is possible, with a few revisions, to adapt the model to accept other species but this 

was viewed as low priority for the current version. 
 
SIBEC site index functions were produced only for SBSdk, SBSmc2 and ESSFmc 
because this is where the majority of timber harvesting has occurred. 
• Additional BEC zones can be added relatively easily, the main barrier being getting 

the numbers in a format that works. 
 
The model assumes that values from the field for site index were based on the 
growth intercept method. 
• Although it was assumed that SI values from the field were based on growth intercept 

measurements, some may have actually been based on SIBEC correlations.  
 
Model complexity.   
• The model is quite complex and adaptation will require a user to be very familiar with 

logic statements and macros.  Caution should be used.  One of the design features in 
the model is a “test mode” which allows users to check all equations.  In this mode, 
the compiler will only use a minimum number of required cells without changing the 
formulae.  To enter into "test mode", enter "test" into cell C1001 on the compiler 
page.  The compiler should not be run in this mode other than for testing formulae as 
the resulting file size will be quite large and this will slow the compiler down. 

 
Excel add-ins are required. 
• Before running compiler, it is necessary to ensure that three add-ins are installed.  To 

install the add-ins, select Tools, Add-Ins and select Analysis Toolpak, Analysis 
Toolpak - VBA, and Lookup Wizard and follow the instructions. 

• The next time you open excel it will ask if you want to run a macro (before you open 
a file).  Click Enable Macros. 

• The user will also have to enable macros when opening the compiler.  Without 
macros it will not work. 

 
Output is only as good as the input. 
• Like any model, the results will only be useful if field data has been carefully 

collected and entered without errors.  There are few quality control algorithms built 
into the model.  This will need to be done during data entry and collection.  Results 
also need to be reviewed to see if they make sense. 
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