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PART V: Managing the Resource 

CHAPTER 13 

Silvicultural Treaments  and End-Product Value 

K.J. Mitchell Research Branch , B.C. Ministry of Forests 

R.M. Kellogg Wood Science Department, Forintek Canada Corp. 

K.R. Polsson Killer Software Engineering 

Introduction 
As harvesting in British Columbia shifts from old-growth to 
second-growth stands, forest planners predict that the volume 
and value of timber cut will decline to a substantially lower 
level unless strategies are implemented to elevate the yield 
and revenue through intensified protection, utililation and 
silviculture. This study focuses on silvicultural treatment 
opportunities by developing a management tool that will help 
planners identify siivicultural practices and environmental 
factors having the highest i,mpact on standing yield, product 
recovery and financial return. 

It is frequently assumed that the larger volume of wood 
produced by intensive forest management has proporlionately 
greater value. There is increasing evidence that this is not 
always m e .  For example, Forintek Canada Corp. found a 
decline in strength and stiffness properties relative to estab- 
lished standards (Barrett and Kellogg, 1986) when they 
investigated the impact of wood properlies on the quality of 
lumber from second-growth stands of coastal Douglas-fir. 
The report also highlighted the need to relate these findings to 
silvicultural practices, product value and financial return. 
That is what the present and foregoing papers in this volume 
attempt to do. Figure 13-1 traces the flow of information from 
the preceding chapters to the major. sections of the current 
study (Chapter 13). Chapters 2, 5, 7 and 8 provide the 
relationships that model wo6d propenies and product quality 
with the support of Chapters 1 and 3. This information is vital 
to the systems that grow trees, saw logs, grade lumber and 
determine end-product value. The studies shown on the right- 
hand side of Figure 13-1 generate the data which will be need- 
ed in the future to model the production of pulp. Likewise, 
Chapter 9 may contribute to the simulation of treated lumber. 
The integrated research program depicted in Figure 13-1 
culminates in a financial analysis that consolidates treatment 
response, wood quality, product value, and discounted costs 
and revenue into a single expression of net value. 

The present paper describes the development and initial 
validation of the system of models, called SYLVER, shown in 
the lower part of Figure 13-1. 

SYLVER 
SYLVER simulates the impact of Silviculture on Yield, 
Lumber Value, and Economic Return. It is a stand-level 
system designed to rank the merits of alternative treatment 
opportunities. Social benefits are not considered. No attempt 
is made to evaluate the effect of cultural practices at the forest 
level where age-class distribution and other factors map be of 
overriding importance. The major components that link 
silvicultural treatments to financial return are illustrated in 
Figure 13-2. The flow of information is shown in greater 
delail in Figure 13-3 which serves as a reference for later 
sections. The current version of SYLVER only applies to 
second-growth stands of coastal Douglas-fir. Work on interior 
lodgepole pine, Pinu  contorta Dougl, var. latifolia Engelm., 
is in the planning stage. 

Each element of SYLVER operates independently with 
information provided by the user or by a preceding element of 
the system (Figure 13-2). The Tree and Stand Simulator 
(TASS) grows the stand of trees on a prescribed site and 
applies silvicultural treatments. The Bucking (BUCK) and 
Sawmill Simulation (SAWSIM) programs produce logs and 
lumber from the trees grown by TASS. The grading routine 
(GRADE) classifies the lumber according to quality. The 
Financial Analysis System (FANSY) determines the dis- 
counted net revenue recovered from tending, harvesting and 
processing the stand. The analyst must interpret the output 
and integrate it with other management information before 
making decisions concerning the selection of sites and stands, 
and the choice and timing of silvicultural treatments. 
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Table 13.1. Tree Data Generated by TASS 

Stem Diameter (cm) Knot Diameter (cm) 

Height outside inside inside inside 
(m) bark bark clear mature average maximum 

0.00 (base) 
0.30 (stump) 
0.70 
1.30 
4.00 
6.50 (pnfning 
6.50 he~ghr) 

11.50 
16.50 
21.50 
26.50 
3 1 .SO 
36.50 
38.47 (top) 

57.20 53.26 25.58 23.82 0.00 
54.57 50.81 24.20 21.51 1.09 
51.39 47.85 21.65 19.26 0.96 
47.85 44.55 21.49 18.69 1.41 
43.02 40.M 20.49 16.71 2.55 
40.77 37.96 16.51 13.16 2.38 
40.77 37.96 37.96 23.22 2.38 
35.41 32.97 32.97 22.35 2.63 
29.58 27.54 27.54 21.63 2.89 
24.03 22.37 22.37 21.63 3.08 
17.87 16.64 1 6 .  16.64 2.96 
10.40 9.68 9.68 9.68 2.25 
2.86 2.67 2.67 2.67 1.04 
0.00 0.00 0.00 0.00 0.00 

A A A A 

bark mature maturc juvcnilc 
& clear w/knols w/kr~ots 

SYLVER, as depicted in Figures 13-2 and 13-3, is k ing  
tested in preparation for its use by forest planners to formulate 
strategies for guiding the treatment of individual stands. The 
process is complicated because TASS and SAWSIM must be 
operated by specialists on mainframe or mini-computers 
which are capable of completing complex computations in  a 

rcasonablc time. In contrast, most users only have personal 
cornpulers and limited time to be trained. The system shown 
in Figure 13-4 will overcome these problems by dividing 
responsibilities for operating the system. Support service 
specialists with access to a mainframe computer will run the 
modulcs that generate the product files. The forest manager 
equipped with a personal computer will perform the financial 
analyses using FAN$Y, interpret the results, and make 
dccisions based on information from all sources. Initially, 
h t h  groups will formulate a series of relevant management 
rcgirncs by specifying silvicultural practices (e.g., planting 
density, pruning) and treatment levels, and environmental 
fi~ctors (e.g., sile quality). Bucking and sawmilling specifica- 
tions will be standardized. The product file for each regime 
will be forwarded to the forest manager who will have 
FANSY operating on a personal computer. The user can then 
dcfinc the site productivity and logging chance, enter con- 
fidential cost and revenue dab  for the proposed area and 
treatment, analyze the information in the product files, and 
gcncratc the evaluation file. The analyst will bc frce to 
compare siivicultural treatments and to test Lhe sensitivity of 
parameters by altering input data and assumptions. The 
revenues must be interpreted and compared with oher options 
bcfore decisions can be made and action taken. If a silvicul- 
tural regimc of local interest is not in the product file, the 
manager must conlact a support service specialist (Figurc 
13-4). 

The following sections describe the characteristics and 
opcration of cacfi component of SYLVER. 
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TASS 
The construction of TASS was initiated by the Canadian 
Forestry Service (Mitchell, 1969) wilh later support contrib- 
uted by Yale University (Mitchell, 1975), University of Idaho 
(Goudie, 1980), British Columbia Ministry of Forests 
(Mitchell and Cameron, 1985), and other agencies. 

Operation 
TASS is a biologically oriented model designed to assess the 
effects of cultural practices and environmental factors on the 
growth and yield of Douglas-fir (Mitchell, 1975) and other 
species. It grows trees in a three-dimensional space simulated 
by a computer. The height-age curve for a particular site 
drives height increment and branch growth. Genetic variation 
in height and branch growth ensures that some trees will grow 
more slowly than others and succumb to competition earlier. 
Crowns expand and contract asymmetrically in response to 
internal growth processes, physical restrictions imposed by 

Height (m) 

Flg. 13-6 Distribution of wood types in a pruned tree 

competing crowns, environmental factors (site quality, disease 
activity, insect defoliation, animal damage), and cultural 
practices (espacernent, thinning, fertilization, pruning). The 
crowns annually add a shell of foliage that benefits the tree 
less and less each year. In the model, the volume increment 
produced by the foliage is distributed over the bole annually 
and accumulated to produce tree summaries (Table 13-1) and 
related stand information. 

The model is calibrated to conform to the yield of rcmeasured 
plots on coastal British Columbia. Yields reported in the 
current study are very similar to the Ministry's managed stand 
yield tables for coastal Douglas-fir (Mitchell and Cameron, 
1985). Minor differences are due to recent refinements. Note 
that these yields will usually exceed those achieved in the 
operational environment where irregular stocking, pests and 
other factors contribute to falldown. 



Table 13-2. Log Values In Excess Of Chip Value 

Small End Log Length (ft.) 
Taper Diameter 
("/') (in.) 8 12 16 20 24 

1. Value of 22-and 24-foot logs was reduced to 10 percent of the 
amount shown to discourage bucking of these lengths. 

2. Value of lumber less revenue received ii the entire log was chipped. 

TASS was extended to simulate the production of juvenile 
wood according to the criteria established in Chapter 2. That 
is, the wood added in a particular year is classified as juvenile 
wood if it is located above point A in Figure 13-5. Mature 
wood of relatively high density is produced in the lower 
portion of the ring. Point A is 3.8 meters below the base of 
the live crown (B). Point A, shows the transition point one 
year earlier when the base of the crown was lower. The series 
of transition points in Figure 13-5 traces the lifting of the 
crown, and defines the inner core of juvenile wood and outer 
shell of mature wood (shaded). TASS retains the diameter of 
the juvenile core and outer stem at arbitrary points which 
usually correspond with stump height (0.3 meter), top of each 
5 meter section, and other points (e.g., 0.7 and 1.3 meters) 
needed to complete the description of bole form. A second 
grade ring is created by TASS if the tree is pruned. It records 
the diameter of the branch-free stem following treatment. The 
inside radius of the clear wood shell is equal to the outside 
bark radius at the time of pruning, plus the radius of the 
exposed branch stub. This adjustment removes the branch 
stubs and healing zone from the shell of clear wood. The 

transition from juvenile to mature wood along a particular ring 
is assumed to occ,ur at the upper limit of pruning based on 
preliminary results reported in Chapter 2. 

Average knot diameter (KD) is equal to branch diameter 
(inside bark) at the surface of the stem. It is calculated 
annually at the end of each section within the live crown as a 
function of its distance (L) below the top of the tree. That is: 

KD = 0 . 6 8 5 0 ~ ~ ' ~ ' ~ ~  

The diameter at the time of death is retained. KD contributes 
to the determination of lumber grade. Maximum knot 
diameter is also needed to grade logs. Its function (not 
shown) is relatively complex. Equations for estimating branch 
diameter and knot size were derived by J. Goudie from data 
collected near Lake Cowichan. 

The information passed to the bucking module is illustrated in 
Table 13-1 and Figure 13-6 for a single tree pruned to 6.5 
meters at age 23. Outside bark diameter is needed to calculate 
the volume of bark, a component of hog fuel scheduled for 
inclusion in later versions of SYLVER. The double height 
entry at the upper limit of pruning (6.5 meters in Table 13-1) 
signals the bucking module to cut the stem at this height and 
localize the clear wood in the butt log for maximum grade 
recovery. 

Silvicul tural Practices 
Seven treatments were selected to test the operation of the 
system on a reasonably productive site (site index = .35). 
These include planting densities of 300, 400, 500, 600, 750 
and 1 11 0 trees per hectare, plus a pruning operation at age 23 
in a separate plantation established with 500 trees per hectare. 
All stems in the later trial were pruned to a height of 6.5 
meters leaving an average live crown ratio of at least 0.30 on 
97 percent of the trees. The seedlings (2+0) in each regime 
were planted in a square pattern with a small amount of 
variation (0.15 meters) permitted about the intended location. 
Slash burning and early planting were assumed to remove the 
threat of brush competition. Mortality to age 20 reduced the 
establishment density to approximately 90 percent of the 
number planted. 

BUCK 
BUCK was developed by Halco Software Systems Ltd. to 
simulate the cutting of trees or long logs. 

Operation 
Each tree is bucked into the assortment of log lengths that will 
yield "maximum" value. For example, the pruned portion of 
the stem, if present, is bucked first to isolate all clear wood in 
a single butt log to increase grade and value recovery. The 
bucking of the remainder of the tree is controlled by a log 
value look-up table prepared by the support service. It 
includes the value of a matrix of logs which vary in length (8, 



Table 13-3. Lumbcr Prices Used To Select Cutting Pattern 

Ixngth 
Thick W i d ~ h  Grade 

(in.) (in.) 8 10 12 14 16 18 20 22 24 

clear 
clear 

clear 
clear 
clear 

other 
other 
other 
other 

(U.S. l'rice/Mbf)' 

1. Average prices for 1976 to 1986 inclusive reponcd in Random licngths for 2-inch boards. 'I'hcsc prices ir~fluence the 
selection of sawing patterns. Note  hat the prices applied to lumbcr for financial evaluation may be d~f fc ren~ .  Average 
pricesTor 1981 to 1986 inclusive are provided as default values with [TANSY, but may bc chulged by the user. 

2. Clear I-inch boards are assumed to have the same price as 2-inch boards. 

Table 13-4. Criteria For Determining The Selling Price Of 1.ogs 

Range 

Small-End Log Appraisal 
Diameter Length L a  Log I'rice 

(in.) (ft.1 Grade ($/m3) 

12 - 36 and 16 -24  H 62.52 
15 - 3 6  and 12 -  14 I 51.58 

4 - 11 and 16 -24  J 35.51 
4 -  14 and 8 -  14 X 25.67 

15 - 3 6  and 8 - 10 X 25.67 
4 - 3 6  and < 8 Y 14.89 

10, 12, ..., 24 feet), small-end diameter (4.00,4.25,4.50,4.75, 
..., 8.00, 8.5, 9.0, 9.5, ..., 18.0, 19.0, 20.0, ..., 36.0 inches), and 
taper (0.000, 0.125, 0.250 inches/foot). An abridged version 
of the resulting log value table is shown in Table 13-2. Each 
entry shows the value of lumber cut from the log less a base 
value, used for analytical purposes, which is equal to the 
revenue produced by chipping the entire log. The value of the 
logs represented by each of the 1485 cells in the table has to 
be determined independently by two different methods 
because the lumber and log markets do not usually favor the 
same log lengths. Notice that the financial analysis of lumber 
and chips in the lower left-hand section of Figure 13-3 uses 
stumpage appraisal (Crown land only) which is derived from 
the corresponding value of logs on the right-hand side of the 
flow chart. Consequently, logs must be bucked and evaluated 
for both markets if the end products are sold on the coast as 
lumber and chips. Firstly, each log in the look-up table is cut 
into boards by SAWSIM (described later) so that log value 

can be derived from the assortment of boards cut, and a 
lumber price table derived by the support service in consult- 
ation wilh the users. Recommended prices are shown in the 
lowermost section of Table 13-3 which applies to boardswith 
knob. This table is based on the average prices reported in 
Random Lengths Publications (1976-86) for the period 1976 
to 1986 inclusive. The prices reported for 22 and 24 foot 
lengths were subsequently reduced to an arbitrarily low value 
to discourage the bucking of uncommonly long logs. The 
unabridged version of Table 13-2 governed the bucking of the 
simulated trees from all silviculrura1 treatments as depicted on 
the left-hand side of Figure 13-3. Secondly, each cell in a 
companion log value table is assigned a value based on its 
grade, diameter, length and corresponding selling price on the 
Vancouver Log Market (Table 13-4). That is, the volume of 
the log in each cell is calculated and multiplied by the price 
which corresponds to its diameter and length. Note that a log 
must satisfy both the diameter and length criteria to qualify for 
a particular grade and price. The path for bucking and 
evaluating trees destined for the log market is shown on the 
right-hand side of Figure 13-3. 

The diameter of the stem and the basal diameter of the 
branches (knots) at each bucking point are inlerpolated from 
the information recorded at arbitrary heights by TASS. All 
data are converted to ~mp'erial "nib before bucking and 
sawing. 

SAWSIM 
SAWSIM is a product of Halco Software Systems Ltd. It was 
constructed to help the forest products industry evaluate the 
effects of tree characteristics, bucking practices, mill design, 
product mixes, and olher factors on the productivity and 
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profitability of sawmills. It simulates the prescribed layout of 
the sawmill and determines the cutting pattern that will 
maximize the value of lumber cut from each log. 

The original SAWSIM was employed during the development 
of the present study. However, computation time was 
excessive because each silvicultural regime produced about 
1000 logs. A streamlined version (SAWSIM-S) was substi- 
tuted later in preparation for prduction runs. SAWSIM-S 
processes straight, uniformly tapered logs using the split-log 
full-cant or split-log split-cant sawing methods generally used 
with automatic equipment. Full-log full-cant sawing (it . ,  full 
taper) is not allowed. The diameter of each log was reduced 
by 0.75 inches (1.9 centimeters) to compensate for sweep, 
crooks, eccentricity and other factors that reduce lumber 
recovery. SAWSIM-S operales twice as fast as SAWSIM 
because the options that compensate for sweep and. other 
features of little importance to this study have been removed. 
The capacity to handle interior grade rings and knot diameters 
was incorporated into SAWSIM-S by Halco Software Systems 
Ltd. as part of this project. SAWSIM-S was also modified to 
classify each board according to the grade ring from which it 
originated. The term SAWSIM used in the remainder of this 
report means SAWSLM-S. 

Operation Fig. 13-8 Example of opimum cutting pattern for dimension 
lumber selected by SAWSIM Figure 13-7 illustrates the log characteristics produced by 

TASS and BUCK. SAWSIM applies a series of predefined 
cutting patterns appropriate to the diameter of the log, and 
selects the one that produces the maximum value of lumber 
based on the prices shown in Table 13-3. Figure 13-8 shows 
the cutting pattern selected for a 20 foot Log with end 
diameters of 13.9 and 16.4 inches. 



Table 13-5. Log Grading Criteria And Appraisal Price 

Minimum ,\verage Maximum Minimum Appraisal 
Log Length Small-End DIB Knot Diameter Rings/ 2 cm. DIB Log Price 

Grade End-Product (m) (cm) (m) outer ID' ($/m3) 

veneer 
veneer 
veneer 

lumber 

lumber 
lumber 
lumber 

lumber 
lumber 
lumber 

lumber 

lumber 
lumber 
lumber 

chips 

reject hog fuel -- 

1. Applies to the outer one-third of the small-end diameter. Not simulateti in this version of SYLVER. 
2. Only pmned logs can q ~ ~ a l i f y  for grades A through D. 
3. Must yield at least 35% clear veneer. Optional check not performed 
4. Must yield at least 50% clear lumber. Optional check not performed 
5. Increased to 3 cm in demonstration runs to increase the volume of 11-grade logs in keeping with the 

results of Chapter 7. 

R~Iill Configuration 
For the purpose of the demonstration runs in this report, 
SAWSIM was configured to conform to a sawmill with the 
machine centers given below: 

Juvenile 
Quality Wood 
Class (%I 

clear 0 
JV 1 0-9 
JV2 10-39 
JV3 40-59 
JV4 60-89 
JV5 90- 100 

Machine Kerf (inches) 

quad band 0.135 
double-arbor gang 0.165 
edger 0.150 

Lumber  Specifications 
SAWSIM was set up to cut rough lumber of the following 
nominal dimensions: 

The application of these quality classes is illustrated in Figure 
13-8. 

Validation 
The actual volume of lumber sawn from 299 Task Force study 
trees was compared with output from SAWSIM which was 
instructed to cut trees of the same dimensions. SAWSIhl 
produced an overrun of 5 percent which was reasonably 
uniform across the -range of log diameters. This difference 
was not removed because it will likely compensate for 
improvements in sawmill technology expected before today's 
plantations reach harvest age. 

thickness 2 inches (1 inch also permitted for clear boards) 
width 4.6. 8, 10, 12 inches 
length 10, 12. 14, 16, 18,20,22,24feet  

The maximum allowance for wane was one-third of the 
thickness or width of the board. The trim was variable. 

SAWSIM assigned one of the following quality classes to 
each board based on the cross-section with the maximum 
proportion of juvenile wood (i.e., the weakest point): 



Table 13-6. Lumber Grading Criteria . LRF = (nominal lumber volume) /(scaled log volume) 
a 

Chip recovery is calculated as bone dry units (BDU) per 
CLEAR (from p m e d  trees) classes 

Knot content % 0 1 hectare. That is, 
Juvenile Wood 90 0' 1 
Length (ft.) 8. 10, 12. 14. 16. 18, 20.22. 24 9 BDU = (0.95) (28.08) VgE400 
Width (in.) 4, 6, 8, (10. 12)' 4 
Thickness (in.) 1 .  2 2 where: 28.08 pounds of chips are recovered from each 
Grade Clear, (SS, 1 ,  2. 3,  con.)' 6 cubic foot of solid green wood (Vg) 

Combinations (1x 1 x 9 ~ 4 ~ 2 ~ 6 )  432 2400 pounds is equivalent to 1 BDU 
KNOITY 

Knot Content 90 1-100 1 
Juvenile Wood % 0- 9. 10-39. 40-59, 60-89, 90-100 5 

95% of the chips are rccovercd after screening 
of undersized chips (fines) 

Length (ft.) 8. 10. 12, 14, 16, 18. 20, 22, 24 9 
Width (in.) 4, 6. 8. (10. 1212 4 Log Grade.  
Thickness (in.) 2 1 Log grades are needed to calculate the value of logs, and 
Grade CleaP, SS. 1 ,  2, 3, Econ. 6 

Combinations ( 1 x 5 ~ 9 ~ 4 ~  1x6) 
stumpage (Figure 13-3). As mentioned earlier, logs destined 

- for the log market are bucked to maximize their value based 
Total Combinations 1512 on the prices associated with the grades, lengths and diameters 

in Table 13-4. The volume of these logs by grade and price 
I .  . ~ 1 1  clear wood is tentatively assumed to be. mature wood. per cubic meter contributes to the determination of stumpage 
2. Combined because the unit prices a n  similar. collected from companies logging Crown land and selling on 
3. Redundantunless clear arc subject to &grade (discussed later). 
4. Kedundant 

either the lumber or log market (Figure 13-3). 

Table 13-7. Degrade Adjustment For Juvenile Wood 

Juvenile Wood Content 
Original Revised Proponion 

Code % Grade Grade Shifted 

3 
3 

3 
3 

3 
3 
3 

Econ. 

1. No data recorded - values assumed to be the same as JV3. 

GRADE 
GRADE characterizes log and lumber quality. The grade and 
dimensions of each log and piece of lumber for a particular 
silvicultural treatment and harvest age are stored in the 
product file (Figures 13-2 and 13-4) along with b e  quantity of 
chips, and supporting data. The analysis of this information 
by FAN$Y is described later. 

Products  
Logs may be sold on the log market, or convened into lumber 
and chips by SAWSIM. Each market is simulated independ- 
ently (Figure 13-3). Logs and lumber are graded according to 
the rules outlined in later sections. Log summaries include the 
scaled volume (cubic meters per hectare) by grade, and the 
number of logs per hectare. Lumber is reported as board-foot 
volume per hectare by dimension (nominal) and grade, and 
lumber recovery factor (LRF), where: 

The grading rules defined in the BCFS Scaling Manual (see 
Appendix I) were applied to the second-growth logs in this 
study even though the grading system was developed for logs 
from old-growth stands. Decay, stain, twist, check, split, pitch 
pockets, ring shake, sweep, uniformity of color, and burls are 
not simulated by TASS and were ignored in the determination 
of grade. The spatial disuibution of knots currently being 
modelled may eventually permit an assessment of their size 
and distribution over the upper portion of the visible surface 
of the log as required by scaling procedures. 

The criteria for log grade (Table 13-5) incorporate consider- 
able simplification of the official rules for the purpose of this 
system. Each log is evaluated for inclusion in a particular 
class starting at the top of the table and progressing downward 
until its parameters meet the grade criteria. Ring width 
constraints cannot be applied until TASS is able to store the 
voluminous data needed to monitor the number of rings per 2 
centimeters across the outer one-third of the small-end 
diameter of each log. However, examination of specialized 
summaries from TASS indicates that ring width will be 
acceptable for a prescribed diameter range unless 250 or fewer 
trees are planted. That is, ring width will not force logs into a 
lower grade. Only pruned logs qualify for grades A brough 
D. The proportion of clear products, which could be calcu- 
lated, was ignored because it is not available to the scaler. 
Initial testing of the grading routine revealed a shortage of H- 
grade logs, relative to data from Chapter 7, because knot size 
was too resuictive. For expedience, the grade guideline for 
one class of H-grade logs was relaxed from 2 to 3 centimeters 
instcad of revising the corresponding function in TASS. 

Lumber G r a d e  
SAWSIM produces lumber which is categorized as either 
clear or knotty. These main groups are furrher characterized 



by proportion of juvenile wood, length, width, thickness and 
lumber grade (Clear, Select Structural, No. 1, No. 2, No. 3 and 
Economy) as shown in Table 13-6. The 10 and 12 inch boards 
were later combined, leaving 4 width classes, because no unit 
price difference was observed. A total of 1512 classes are 
available for sorting lumber. 

Clear lumber (top of Table 13-6) is only found in pruned trees 
in second-growth stands because Douglas-fir does not shed 
dead branches readily. Clear lumber will be free of juvenile 
wood because the mature wood transition point is shifted 
upward to the base of the crown created by pruning. This is 
based on the results of Chapter 2. Otherwise, five classes of 
juvenile wood would be needed for clear lumber. Any board 
cut entirely from the clear portion of a pruned tree is 
categorized as clear lumber. 

Each knotty board (Table 13-6) cut by SAWSIM is 
categorized by juvenile wood content, length, width and 
thickness, and then apportioned by volume to grade classes as 
follows: 

* Selecr The percentage of select suuctural lumber volume 
is calculated from 'the diameter of the log and surface knots 
as follows: 

where: SS = volume of select structural lurnbcr (5%). 
TD = top diameter of the log (centimeter). 
KD = average diameter of knots 0.25 centime- 

ters and larger over the length of the log. 

The knot diameter and small-end log diameter are based on 
the knotty core of pruned logs when grading lumber from 
this portion of the log. 

Nos. 3 & Economy Twelve and 8 percent of the volume is 
apportioned to grades 3 and Economy, respectively. 

Nos. I & 2 The volume remaining after allowing for the 
above grades (SS, 3, Economy) is divided evenly between 
grades 1 and 2. 

Juvenile Wood Degrade 
The grading procedure described in the preceding section 
assumes that the proportion of juvenile wood does not 
influence the grade of the board. However, the strength and 
stiffness study (Chapter 5) shows that the volume of boards in 
some categories must be shifted to less demanding grades if 
current standards are to be maintained. The results reported in 
Chapter 5 have been simplified and implemented as shown in 
Table 13-7. Note that all boards in each of the eight catego- 
ries affected are shifted (i.e., degraded) to illustrate the worst 
scenario. Shifting of juvenile volume among grade categories 
(Table 13-7) is optional, which permits an evaluation of the 
impact of juvenile wood content on grade and value described 
in a later section. 

T a b l e  13-8. Degrade Adjustment For Drying 

Juvenilc Wood Content 
Original Revised Proportion 

C d e  90 Grade Grade Shifted 

2 
3 

Econ. 
Econ. 

2 
3 . ,  

Econ. 
Econ. 

3 
3 

Econ. 
Econ. 

I. Interpolated information. 
2. KO data recorded - values assumed to be h e  same as JV3. 

Tab le  13-9. Lumber Grade Recovery By Log Grade. 

Lumber Grade 
I a g  Log LRF 

Grade Source Clear No ?+ No. 3 Ilcon. (bm/m3) 

C Old growth' 
2nd growth2 

I1 Old growth 
2nd growth 

I Old growth 
2nd growth 

J Old growth 
2nd growth 

X Old growth 
2nd growth 

Y Old growth 
2nd grouth  

Lumber Volume (9%) 

68.8 4.4 0.2 268 
85.9 8.7 5.3 301 

55.8 8.2 1.2 269 
84.5 8.8 6.7 301 

80.8 9.0 0.8 272 
82.4 10.4 7.2 292 

87.2 7.6 1.3 25 4 
83.1 10.0 7.0 256 

74.0 15.2 2.9 240 
76.4 13.7 9.9 194 

59.5 27.2 5.9 257 
69.9 30.0 -- 53 

Grades H, I and J 

.Mean Old-growth 16.0 74.6 8.3 1.1 265 
2nd growth -- 83.3 9.7 7.0 283 

SYLVER 2nd growth -- 80.0 12.0 8.0 2703 

1. hliddleton and Munro (1985) - grades A, B and D not shown 
2. Log and Lumber Study (Chapter 7). 
3. S ~ a n d  planled w i ~ h  750 t reesha and harves~ed at age 60. 



Table 13-10. Components Of Financial Analyses On Public And Private Land.' 

Land Manager: Crown Private 

Land Ownership: Crown Crown Private 

Market: T i  ber Log Lumber Lumber 

Revenues: Stumpage Logs Lumber Logs Lumber 
Chips Chips 

Costs: Management Management Management Management Management 
Slumpage Stumpage Taxes Taxes 
Land Rent Land Kent -- -- 
Harvesting [Iarvesting Ilarvesting Iiarvesting 

Manufacturing Manufacturing 

Discount Rate: 4% ( Varies by firm ) 

1. Source: B. Howard and D. Coffey, B.C. Ministry of Forests. 

Drying Degrade 
The lumber drying study (Chapter 8) showed that boards are 
degraded slightly by kiln drying because of warping. 
Summaries for 2 x 6 boards were simplified to conform with 
the structure of FAN$Y. Lumber degrade is applied to all 
dimensions (Table 13-8) in the same manner as for juvenile 
wood degrade (Table 13-7). 

Validation 
Table 13-9 shows that the percentage of lumber volume by 
grade (Clear, No. 2 & Better, No. 3, Economy) recovered 
from C, H, I, J, X and Y logs in the study of log and lumber 
yields (Chapter 7) compares favorably with the distribution of 
grades reported by Middleton and Munro (1985) for old- 
growth forests. Mean values for log grades H, I and J ,  which 
account for 93 percent of the volume in the Task Force study 
logs, are summarized in the lower section of Table 13-9. Old 
growth is slightly lower for grades 2 through Economy. 
However, this is largely due to the recovery of clear lumber 
(16.0%) which is not found in the second-growth logs. The 
distribution of lumber grades used by SYLVER is displayed at 
the bottom of Table 13-9. It is based on the same data as the 
preceding line (Chapter 7). Lumber recovery factors shown 
on the far right of Table 13-9 are generally higher in second- 
growth stands with an average difference of 18 board feet 
(7%) for log grades H, I and J. 

FAN$U 
FAN$Y provides the manager with a tool for evaluating the 
impact of selected silviculturai treatments and financial 
information specified by the user on the value returned by 
various products. This approach to financial analysis enables 
the user to identify all tieatment options that provide an 
acceptable return. A manager faced with budget constraints 

can also rank treatment opportunities by analyzing the 
information provided by FANSY. Table 13-10 outlines the 
basic components of financial analyses performed by the 
provincial government and industry when managing forests on 
Crown and private land. Revenues, costs and discount rate 
drive the financial analysis. Different revenues and costs 
concern land managers in the public (Crown) and .private 
sectors. The private land manager derives revenue from the 
sale of logs, or lumber and chips, whether managing Crown or 
private land. The costs of private land management include 
forest management, harvesting and manufacturing. In 
addition, taxes are payable on private land, while stumpage 
and land rent are payable on Crown land. Crown land 
managed by the government yields revenue from stumpage, 
and incurs forest management costs. The discount rate in 
FANSY 'can be set by the user. The Ministry of Forests uses 4 
percent. Private discount rates will depend on alternative 
investment opportunities. 

FAN$Y was designed and constructed by D. Ormerod and S. 
Wilson of Sylvametrics Consulting in cooperation with D. 
Coifey and W. Howard of the British Columbia Ministry of 
Forests. 

Operation 
The operation of FANSY is depicted in Figure 13-9 wirh 
supporung details listed in Table 13-11. The product file is 
assembled by the GRADE module (Figure' 13-4) and disuib- 
uted to the user wilh FANSY which contains the components 
illustrated in Figure 13-9. Lumber from the product file is 
optionally degraded for juvenile wood content or kiln drying, 
and stored in the regime file from which evaluation reports are 
derived.. The user customizes the process by entering site 
specific information which replaces default run parameters 
(e.g., logging chance, haul distance) and economic data (e.g., 
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f ig.  13-9 Operation of FAN$Y 

unit costs and revenues). Lumber premiums for length and 
grade, and appraisal data for stumpage calculations may also 
be altered. 

Product File 
This external file (Figure 13-9 and Table 13-12) conlains site 
and management information fo~ldwed by product data for 
logs, lumber and chips. Silvicultural practices are dcfincd in 
Table 13-12a, although slash burning is the only one selected 
in this example. The timing of treatments following stand 
establishment is also recorded, including the final harvest cut. 
All harvest ages in the financial analysis are referenced to the 
time of stand establishment. That is, a 40 year old plantation 
would contain 42 year old trees, assuming 2+0 stock was 
used. The board foot volume of knotty lumber is categorized 
by juvenile wood content, length, width, and grade as 
illustrated in Table 13-12b. .The classes for clear boards, 
itemized in Table 13-6, are not shown in this example. 

Lumber Degrade 
This adjustment simulates degrade caused by juvenile wood 
(Table 13-7), or kiln drying (Table 13-8). The application of 
FAN$Y is simplified if this procedure is performed before the 
system is sent lo forest managers. That is, the user receives 
companion sets of regime files for lumber which is adjusted 
and unadjusted for degrade. FAN$Y is currently configured 
in this format making it unnecessary to distribute product files 
or degrade adjustment factors unless requested. The symbols 
"-" and """ are appended to the file names (e.g., P50E-60- or 
P50E-60") to identify the adjusted and unadjusted versions, 
respectively. The adjusted regime files contain two independ- 
ent subsets of data: one with the lumber degraded for juvenile 
wood content, and another degraded for kiln drying. The 
unadjusted regime files have two subsets of identical data. 
Note that the product files and lumber degrade factors can be 
distributed and implemented by the user because FAN$Y is 
capable of performing the lumber degrade operation. 



Table 13-11. D a u  Files in FANSY Table 13-12a. Product Fie: Stand Information 

I. PRODUCT FILE f ienamrPR0 
Species, height, site index, t r a r h a  
Treatments and associated ages: iiarvest age 
Sbnd yield: stocking. volume. logs~ha. decay 
Log distribution: Boards~ha 
Lumber Recovery Factor (LRF) 
Residual chip recovery: bone dry units 
Lumber distrlbution 

. LUMBER DEGRADE (adjustment facton) LUMBRATS.DAT 
Juvenile wood 
Kiln drying 

lII. REGLME FILE (same items as Product F ie )  fiename.REG 

IV. RUN PARAMETERS RUNPAR.FIL 
Land Class Index 90 
Cost Trend % 
Price Trend % 
Discount Rate: Crown, private % 
Dislana (harvest site to mill) km 
Lumber: Green (G). Dry (D) 
Exchange Rate (S1 .M) US = 1 .?? Cdn) 
Cost Adjustment (relative changelyear) 
Price Adjustment (relative change/year) 
Selling Zone. District, Siivicultural Type 

V. ECONOMIC DATA fimame.EC0 
Costs: forestry,.harvesting, manufacturing 
Taxes 
Prices: logs, lumber, chips 

VL LUMBER PREMIUMS PREMIUMS.DAT 
Green length premiums by width & length 
Green grade premiums by width & grade 
Dry length premiums by width & length 
Dry grade premiums by width & grade 

VII. APPRAISAL FILE APPRASALDAT 
Rates: base, indicated: Log priceslgrade 
Lumber and chip p r i e s  by zone 
Silvicultural allowanas by disv ia  & type 

Vm. EVALUATION REPORT fiename.EVA 
Pmsent net value & internal rate of return 
Discounud costs and revenues (itemized) 
Lumber volume 

Species F: Douglas-fir 
Seedling Age 2 yesn 
Site Iieight 36.7 meten 
Site Index 35 m c u n  at 50 yean 
Ycan to BH 8 yean 
Name PSOE-60" 
Description Plant 500ha: no other matmenu 

Initial Stocking 500 stems per heaare 

Site Preparation 
Slash Bum 1 
Scanfy 0 
Chemical 0 
Cleanng 0 

Treatment Ages: 
Brushing & Weeding: Man. & Stem Inj 

Man. Fol. Spray 
Aerialspray 

Spacing & Prc-Cornmenial Thinning 
Pruning: 1st 2 - 4 m Lift 

2nd 2 - 4 m Lift 
3,.d 2 - 4 m Lift 

Fendizat~on: . Juvenile 
Lare 

Stems Treated: (trees per hecure) 
Spacing & Pre-Cummenial Thinning 
P ~ n i n g :  1st 2 - 4 rn Lift 

2 n d 2 - 4 m  Lift 

Fenilization Rates: (Kg N/Ha) 
Juvenile 
La le 

Harvest Age 60 

Sland Yield: 
Stocking 438 trees per hecbre 
Close Utilization 604.5 m3ha  
LogsMecbre 1956 
Decay 0.090 

Log Distribution Group: m3ha  
A B C D  H I 3  X Y 

F 0.0 0.0 0.0 0.0 ... 1125 6 5  466.5 ... 19.0 0.0 

Boards 10771 /ha  
Lumber Recovery Factor 282 ~ r n '  
Residual Chip Recovery Faaor 

Bone Dry Uniu (BDU) 90.97 I ha 



Table 13-12b. Pruducl File: Lumber Volume Distribution (fbrnha) - -  conlinued 

I. CLEAR (no clear lumber in this example) 

D. JUVENILE WOOD: 0 - 9%' 

Species F; Len 8 Species F; Len 10 
C1 C2 SS 1 2 3 42 C1 C2 SS 1 2 

4 0 0 ,307 129 129 85 56 0 0 305 112 112 
6 0 0 1 5 9  66 66 44 29 0 0 372 145 145 
8 0 0 82 30 30 21 14 0 0 0 0 0  

10 0 0 0 0 0 0 0  0 0 0 0 0  

Species F; Len 14 Species F; Len 16 
C1 C2 SS 1 2 3 4 C1 C2 . SS 1 2 

4 0 0 690 273 273 185 124 0 0 319 123 123 
6 0 0 342 130 130 90 60 0 0 110 51 51 
8 0 0 224 73 73 56 37 0 0 0 0 0  

10 0 0 95 30 30 23 15 0 0 0 0 0  

Species F; Ler! 20' Species F; Len 223 
C l C 2 S S  1 2 3 4 C1 C2 SS 1 2 

4 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  
8 0 0 0 0 0 0 0  0 0 0 0 0  

10 0 0 0 0 0 0 0  0 0 0 0 0 

m. JUVENILE WOOD: 10 - 39% (same classes as above) 

IV. JUVENILE WOOD: 40 - 59% (same classes as above) 

V. JUVENILE WOOD: 60 - 89% (same classes as above) 

VI. JUVEh!LE WOOD: 90 -100% (same classes as above) 

Species I;; I.en 12 
C1 C2 SS 1 2 

0 0 95 32 32 
0 0 89 35 35 
0 0 0 0 0 
0 0 0 0 0  

Species F; Len 18 
C1 C2 SS 1 2 

0 0 169 74 74 
0 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  

Species F; Len 2d3 
C1 C2 SS 1 2 

0 0 0 0 0  
0 0 0 0 0  
o u o 0 0  
0 0 0 0 0  

1. Lumber with 0 to 9 percent juvenile wood usually originates from large butt logs which are most likely to he bucked into 14 foot lengths to elevate 
the volume of 2 x 10s and maximize lumber value (see Table 13-3). Consequenlly, no 20 foot logs were cur from the lower stem in this example. 

2. Economy. 
3. Log lengths in excess of 20 feet were not requested in tihis example. 



Table 13-13. Regime File 

STAND INFORMATION 
(same as Product File shown in Table 13-12a) 

Lumber Distribution: fbm/ha 

Species F; Len 8 
C 1 C 2  S S  1 

4 G* 0 0 937 855 
D~ 0 0 937 855 

6 G 0 0 734 613 
D 0 0 734 613 

8 G 0 0 480 253 
D 0 0 480 253 

10 G 0 0 106 35 
D 0 0 106 35 

Species F; Len 14 
C 1 C 2  SS 1 2 

4 G 0 0 1864 1199 1199 
D 0 0 1864 1199 1199 

6 G 0 0 1281 912 912 
D 0 0 1281 912 912 

8 G 0 0 250 91 91 
D 0 0 250 91 91 

10 G 0 0 16507 7882 7882 
D 0 0 16507 7882 7882 

Species F; Len 20 
C1 C2 SS 1 2 

4 G 0 0 1327 1719 1719 
D 0 0 1327 1719 1719 

6 G 0 0 1928 1915 1915 
D 0 0 1928 1915 1915 

8 G 0 0 4555 4120 4120 
D 0 0 4555 4120 4120 

10 G 0 0 2064 1174 1174 
D 0 0 2064 1174 1174 

Species F; Len 10 
C1 C2 SS 1 2 

0 0 1153 1055 1055 
0 0 1153 1055 1055 
0 0 833 627 627 
0 0 833 627 627 
0 0 394 155 155 
0 0 394 155 155 
0 0 82 42 42 
0 0 82 42 42 

Species F; Len 16 
C1 C2 SS 1 2 

0 0 4580 4699 4699 
0 0 4580 4699 4699 
0 0 3112 3631 3631 
0 0 3112 3631 3631 
0 0 738 796 796 
0 0 738 796 796 
0 0 8294 4633 4633 
0 0 8294 4633 4633 

Species F; Len 2Z4 
: 1 c 2  SS 1 2 3 4 
0 0  0 0 0 0 0 
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0 0 0 0 0 0  
0 0  0 0 0 0 0 
0 0 0 0 0 0 0  

Species F ; Len 12 
C 1 C 2  SS 1 2 3 4 

0 0 852 487 487 274 184 
0 0 852 487 487 274 184 
0 0 1028 1134 1134 496 330 
0 0 1028 1134 1134 496 330 
0 0 345 225 225 119 79 
0 0 345 225 225 119 79 
0 0 858 432 432 258 172 
0 0 858 432 432 258 172 

Species F; Len 18 
C 1 C 2  SS 1 2 3 4 

0 0 886 748 748 358 239 
0 0 886 748 748 358 239 
0 0 94 102 102 45 30 
0 0 94 102 102 45 30 
0 0 727 659 669 310 206 
0 0 727 669 669 310 206 
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  

Species F: Len 2d4 
C 1 C 2  SS 1 2 3 4 

0 0  0 0 0 0 0  
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  
0 0  0 0 0 0 0  

1. Economy. 
2. Green lumber which has not been degraded for juvenile wood content in this example 
3. Dry lumber which has not been degraded for kiln drying in this example. 
4. Log lenglhs in excess of 20 feet were not requested in h i s  exan~ple. 



Table 13-14. Run Parameters Forestry Costs: 
Survey and prescription 

VARIABLES 

Land Class Index 
Cost Trend: future changelyear 
Price Trend: future change/year 
Discount Rate: Crown 

Private 
Distance: harvest site to mill 
Lumber: Green (G) vs. Dry @) 
Exchange Rate: $1.00 US = 
Cost Adjustment (since collection date) 
Price Adjustment (since collection date) 
Selling Zone 
District 
Silvicul!ural Type 

SITE INDEX 

Site Indices (maximum of 6 )  

DEMO 
EXAMPLE RUNS 

10 
- 1.0 (-1.0 %) 

0.5 (+0.5 %) 
4% 
5% 
30  km 
G 
1.25 Cdn 
0.950 (-5 %) 
1.100 ( + l o  %) 

1 (coast) 
11 (Chilliwack) 

1 (coas!) 

MANAGERIAL I'ERSPECTIVE 

Land manager , Land ownership Market - Code 

1. Crown (C) ---- Crown (C) ----> Timber CC 
2, Private (1') ---- Crown (C) ----> Log (G) PCG 
3. ----> Lumber (L) PCL 
4. Private (1') ---- Private (1') ----> Log (G) PI'G 
5. ----> Lurnher (I*) I11'L 

Regime File 
The regime file (Figure 13-9 and Table 13-13) is the same as 
the product file (Table 13-12) except that the juvenile wood 
categories are combined, and the lumber volumes may have 
been shifted from one grade to another to imitate the impact of 
degrade specified in Tables 13-7 and 13-8. Note that the 
grade distributions of green (G) and dry (D) lumber are 
identical in Table 13-13 because they have not been degraded 
for juvenile wood content or kiln drying, respectively, in this 
example. These files are the basis of the financial analyses. 

Site preparation 
Planting 
Brushing and weeding 
Spacing 
Pruning 
Fertilization 

Harvesting Costs: 
Infrastructure development . . 
Operation, camp and crew transportation overhead 
Central administration overhead 
Trce to truck operation 
Hauling 

The relationship of these variables is illustrated and discussed 
later under "Economic Data". 

Cost and Price Trends 
These trends reflect the user's prognosis of future changes in 
real production costs and selling prices. Historically (1920 - 
1980), lumber and stumpage prices have increased 2.0 and 6.5 
percent per annum, respectively, followed by a sharp decline 
in the early 1980s (Hay-Roe, 1988). Forintek economist 
Gilles Brunette reviewed data from various sources to help 
users formulate reasonable cost and price projections 
@ersonal communication). His cautious prognosis indicates 
that the price of Douglas-fir lumber will increase, in real 
terms, by 0.5 percent per year in the 1990s, and then decrease 
by 1.0 percent for the next 50 years. Costs will decrease by 1 
to 2 percent per year in the same period. 

Future cost and price trends are very uncertain and are left to 
the discretion of the user. They must be selected with care 
because they have a considerable impact on the present net 
value of managed forests, as will be shown later. No cost or 
price trends are incorporated into the demonstration runs 
presented at the end of this report. 

Run Parameters Discorlnt Rate 

Information provided to FAN$Y via this channel (Figure Costs and revenues incurred at various ages in the life of a 

13-9) is illustrated in Table 13-14 and described below: stand are not comparable unless adjusted by means of a 
discount rate. For example, a revenue of $100 expected 40 

Lend Clars Index 
The Land Class Index (LCI) quantifies the "degree of 
operating difficulty" anticipated when managing and harvest- 
ing a particular site. It varies from 0 to 100 with values of 0 to 
25 covering the range of conditions encountered in second- 
growth forests managed intensively in recent years. Vaiues of 
5, 10, and 25 are recommended for low-, average-, and 
high-cost situations, respectively. LC1 is based on most of the 
components of the Logging Productivity Index described in  
the appraisal manuals of the Ministry of Forests (October 
1983 and January 1985) together with an Isolation Rating 
Table, constructed specifically for FANSY. The following 
costs are affected by LCI: 

years hence is worth more to the owner than $100 realized in 
80 years. Similarly, expenditures in the future are more 
desirable than current costs. Planting and thinning may each 
cost $500 per hectare at ages 0 and 30, respectively. The 
manager must spend $500 now to plant but could cover future 
thinning costs by investing $154 today at 4 percent for 30 
years. That is, $500 discounted at 4 percent for 30 years 
returns: 

The discounted value of costs and revenues is very sensitive to 
the discount rate, especially for long rotations. Higher 
discount rates favor practices with early revenues and late 



expenditures. The Ministry of Forest? uses a real rate of 4 
percent. Private companies would choose a rate based on 
alternative investments opportunities. 

FANSY determines the present value of the future cash flows 
at the beginning of the year on the assumption that thcy occur 
at the mid-point of the year. Surveying, site preparation and 
planting costs, for example, are not incurred until six months 
after the evaluation is performed and thcrcfore must be 
discounted for 0.5 years. That is, planting costs of $400 can 
be met July 1 by investing $392 January 1 at 4 pcrccnt. 
Annual expenditures (land rent, overhead and protection, 
taxes) are not affected. 

Distance 
Distance records h e  number of kilometers logs must bc 
hauled to the sawmill or log market. The harvesting cost 
function described later must bc altered if logs arc transported 
by water. 

Lumber: GreenlDry 
The green(G)/dry(D) indicator allows the uscr to manufacturc 
and sell green or dry lumber. The drying option affects  he 
manufacturing cost, seIling.price, and net revenue. Grecn and 
dry lumber will incorporate the impact of degrade for juvenile 
wood and kiln drying, respectively, only i f  thc appropriate 
dcgraded adjustments (Figure 13-9) are made by the uscr or 
incorporated into the regime files distributed with FANSY. I t  
is not possible to combine dcgradc for juvenilc wmd conrcnl 
and kiln drying. 

Exchnnge Rare 
Lumber prices in United States dollars and premiums for 
lcngth and grade were obtained from Random Lengths 
(1976-86) and the Westcrn Wood Products Association 
(WWPA) Monthly F.O.B. Price Summaries (1976-86). Thc 
current exchange rate (September 1988) is used to convert the 
financial summary to Canadian currency in thc demonstration 
trials. 

Cost and Price Adjustments 
The prices and costs provided with FAN$Y may be out of date 
for a particular application. The user can cntcr ncw informa- 
tion or request that the stored data be inflated or dcflatcd by an 
appropriate amount. For example, a cost adjustment of 0.950 
would decrease all costs in FANSY's files by 5 pcrcent. A 
sccond entry of 1.100 could incrcasc prices by 10 percent. 
These run parameters must not be confused wilh the cost and 
price trends, described earlier, which escalate or dc-escalatc 
expenditures and revenues over time. A price adjustment of 
1.150 (15 pcrcent) in combination with a price trend of 0.5 
pcrcent would elevate residcnt lumber prices from $100 to 
$115, and then escalate them by 0.5 pcrcent per year until 
harvest age, thus adding another $40 which would bring Lhc 
final selling price in 60 years to about $155. 

Selling Zone, District, Silvicultural Type 
The appraisal of timber and determination of stumpage 
recognize diffcrcnces in log, lumber and chip prices by species 
in  cach of 32 selling zones in British Columbia. Silvicultural 
allowances compensate for differences in treatment costs in 
each of 46 districts and 6 silvicultural types. Lumber prices 
and other data are determined by the Ministry of Forests for 
appraisal purposes and do not necessarily conform with other 
information provided in FAN$Y (e.g., lumber prices in Table 
13-3). The yield information (regime files) distributed with 
tlic current version of FAN$Y applies to coastal Douglas-fir in 
Sclling Zonc 1 ,  Silvicultural Type 1, and any one of the 
following dislricts: 

Code District 

11 Chilliwack 
12 h4aple Ridge 
13 Squamish 
14 Sechclt 
15 Powell River 
16 Duncan 
17 PortAlberni 
18 Campbell River 
19 Port McNeil 
1A Mid-Coast 

Site Index 
Each producl file contains the logs, lumber and chips pro- 
dttccd by a parlicular silvicultural regime, site index and 
harvcst age. For example, Table 13-12a illustrates a stand in 
which 5(X) trccs were planted per hectare on site 35 and 
harvested at age 60 when the sitc trees were 36.7 meters tall. 
Slands will reach this height at diffcrcnt ages on sites of 
highcr or lower productivity as shown below: 

Sitc Harvest Site 
Inticx Age Height 

45 4 1 36.7 
40 49 36.7 
35 60 36.7 
30 78 36.7 
25 119 36.7 

This information can be obtained from site index curves or 
mbles such as those used by TASS to calculate the height of 
Douglas-fir (Bruce, 1981). There is evidence that each 
combination of site and harvest age will produce the same 
yield for a particular site height and silvicultural regime, 
assuming all other factors are identical. The rationale and 
methodology are explained by Mitchell and Cameron, 1985. 
The uscr of FANSY may temporarily override the site index in 
thc product filc by entering a new value as a run parameter. 
The system will calculate the corresponding harvest age. Up 



Table 13-15. Economic Data F'ilc: Variables And'Sample Datat LO six site indices may be entered, thus allowing the user to 
perform financial evaluations on a range of sites in a single 

FOllESTRY COSTS ($/hectare) example2 
Annual Land Rent (accumulated to age 60) 151.12 
Surveys/Prescription 7.49 
Site Preparation: Slash Bum 184.11 
Site Preparation: Scarify 
Site Preparation: Chemical 
Site Preparation: Other 
Ranting 432.62 
BmshNeed: Man.+ Stem Inject 
BrushNeed: Man. Foliar Spray 
I3msh/Wccd: Aerial Spray 
Spacing & I'lC Thinning: 4 m . 
Spacing & PIC Thinning: 9 m 
Spacing & PIC Thinning: 15 m 
I'funing: 2 - 3 m Lift 
Pruning: 5 - 7 m Lift 
1:ertilization: Juvenile 
Fertilization: Late 
Annual Overhead & Protection (accum. to age 60) 600.00 

I IARVES~~LYG COS-I-s ($1~3) 
I~lfrastructure Dcvclopmcnt 2159.92 
Opcrarion, Camp & Crew Transportation Overheat1 1692.53 
Central Administration Overhead 621.93 
'Free-to-Tmck 30551.83 
Water Dump, Iloom, Tow .& Dewater . -. 

IIauling 1501 .50 
Sort and Scale 1473.79 

MANUFACTURC\'G COSTS GI1EEh' DRY 
Xurnber WorkerslShift 55.00 (57.25) 
Average Wage 22.50 
Operating CosUShift 4500.00 (5570.00) 
Admin & Depreciation Cosr/Shift 3000.00 (3570.00) 
liogs Processed/Shift 2900.00 
Log l'rocessing Propnion ' 1 .00 
Average PiecesLog 5.00 

Cosrn-og 6.W4 
Costil'iece 0.00 

TAXES 
Annual Propcny Tax 

run. 

The relationship of site index, harvest age and site height 
requires clarification. Site index is derived from site height 
and age at breast-height (Mitchell and Polsson, 1988). 
Harvest age is the sum of breast-height age and the number of 
years required by site trees to reach breast height, less the age 
of planted seedlings. For example, the corresponding entries 
at the top of Table 13-12a are calculated as follows: 

Site height (SH) = 36.7 m 
Site index (SI) = 35.0 m 
Age at breast-height = 54 = f(SH,SI) 
Ycars at breast-height = 8 = f(S1) 
Sectiling age = 2 
Ijarvest age = 5 4 + 8 - ' 2  = 60 

Sitc index, years to breast height and seedling age may be 
altered by the user. 

hlnrlngerinl Perspective 
Thc code for managerial perspective identifies the manager 
(Crown or private) of the land, the owner (Crown or private), 
and the primary market of the end products (standing timber, 
logs, lumbcr) as illustrated in the lower part of Table 13-13. 
Pcrspcctivc 1 shows that the Crown sells standing timber from 
Crown forests. In perspectives 2 and 3, the private sector 
manages Crown land and rnay sell logs directly, or manufac- 
ture and sell lumber and chips. Perspectives 4 and 5 apply to 
privately owned forests. The perspective selected in Table 
13-14 guides the course of the financial analysis, particularly 
the determination of costs and revenues (Table 13-10). One or 
more perspectives may be analyzed simultaneously. 

LOG PRICES (CDN $/m3) : by species (F) and grade (A-Y) Econoniic Data 
A 13 c D 11 I J x Y Table 13-15 itemizes the costs (forest management, harvest- 

F 154.39 101.57 66.70 114.10 54.68 46.98 32.30 17.63 
7.83 ing, manufacturing and taxes) analyzed by FANSY Figure 

LUMBER PRICES (SUS11000 FBM) 4-10'. widths GREEX : DRY PIII ;~IIU\I  13-0) in addition to the price of logs, lumber and chips. The 
4 6 8 lo+ Grccnfl)r~ ])iff. user may customize this information for a particular site. 

F 168.30 162.20 168.20 220.80 30.W 

CllIP PRICES ($/RDU): by species (I;): used on h e  coast of 13.C 
F 

50.00 

1. Costs apply to a stand having an LC1 of 10 planted with 500 trcesha. 
No further treatments are applied kfore  harvesting 604.5 m3 a t  agc 60. 

2. Undiscounted costs calculated using forestry and harvesting wst  functions. 
I h e  concspor~ding coefficients are normally displayed in this sccrion. 

3. Substitute costs if lumber is dried. 
4. ([(55 workers x $22.50 x 8hr) + $4500 + $3000]/2900 logs) x 1.00 

Forestry Costs 
Forcslry costs processed by FAN$Y are listed at the top of 
Table 13-15. The user may enter the costs per hectare for a 
particular management regime or rely on information 
calculateti by the system using the cost functions, some of 
which are displayed in Figure 13-10. The forestry costs for 
some silvicultural treatments (e.g., planting, spacing, pruning, 
fertilization) are only relevant to a particular financial 
evaluation if the corresponding product (Table 13-12a) and 
regime files include the treatment. Irrclevant costs are 
ignored. FAN$Y calculates all forestry costs as they occur 
over the rotation, beginning with stand establishment and 
ending with the harvest. 
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Forestry cost equations for survey and prescriptions, site 
preparation, planting, brushing and weeding, spacing and 
precommercial thinning, pruning, and fertilization are based 
on survey questionnaires returned by 10 companies and 
agencies. Respondents provided cost data for "low", 
"average" and "high" cost situations, and described the 
associated conditions. Sylvarnetrics Consulting collected and 
summarized the confidential data and concluded that these 
levels of operating difficulty correspond to LCIs of 5, 10 and 
25, respectively. 

Some forestry costs, such as reforestation, may be viewed as a 
cost of harvesting rather'than a cost of establishing a stand. It 
can be argued that public opinion and government regulations 
demand that all Crown forests be reestablished, thus eliminat- 
ing the optional status of stand establishment. Planting, for 
example, would then become a harvesting cost incurred at the 
end of the rotation. Discounting these costs to the present 
would minimize the impact of establishment expend~tures, 
effectively increasing the net present value. As an alterriative, 
the manager might only consider those silviculture costs in 
excess of the minimum required by the public or govemnlent. 
This approach would not affect the ranking of espacement 
opportunities and would thus retain the integrity of the 
analysis. 

Annual Land Rent The amount paid per hectare per year for 
the use of the land is the annual land rent. The Crown 
currently charges $1.25 per hectare per year for Timber 
Licenses, or bases the rent on the productive capacity of the 
land in terms of its average annual volume growth (i.e., mean 
annual increment). The default relationship in FAN$Y (Figure 
13-10a) derives annual land rent (S 0.25 per cubic meter per 
hectare) from mean annual increment i f  slte specific data are 
not provided by the user. For example, a sund which grows 
10 cubic meters per hectare per year would generate an annual 
land rent of $2.50 at $0.25 per cubic meter. The manager of 
private land may prefer to exclude the cost of land rent 
initially and use the net discounted revenue to determine land 
rent after subtracting an allowance for profit and risk. This 
perspective is assumed if the annual land rent in the economic 
file (Table 13-15) is set to zero by the user. The land rent 
illustrated in Table 13-15 is calculated from mean annual 
increment (MAI), harvest volume (Table 13-12a), harvest age 
and annual land rent (rate) as follows: 

land rent = MA1 x rate x age 
= volume/age x rate x age 
= volume x rate 
= 604.5 m3 x $0.25 
= $151.12 

Surveys and Prescription The land is usually surveyed to 
determine its area and condition (physical and biological). 
This information contributes to the formulation of a silvicul- 
tural prescription and management plan. FANSY assumes an 
initial cost of $5.35 per hectare which increases in relation to 

the LC1 or operating difficulty of the site on which the survey 
and prescription is undertaken (Figure 13-lob). The example 
in Table 13-15 shows a cost of $7.49 for LC1 10. 

Site Preparation This treatment may utilize slash burning, 
scarification, chemical sprays, land clearing, or any combina- 
tion applied in the year of stand establishment. Slash burning 
of logging debris is the most common method of site prepara- 
tion on the British Columbia coast. Figure 13-10c shows that 
slash burning costs about $29 per hectare under ideal condi- 
tions, but rises rapidly as the operating difficulty increases 
from a "low" LC1 of 5 ($107 per hectare) lhrough an 
"average" LC1 of 10 ($184 per hectare) to a "high" LC1 of 25 
($416 per hectare). This range of LC1 applies to second- 
growth stands which have been treated recently on the coast. 
Chemical treatment has a higher initial cost ($188 per hectare) 
but is less sensitive to increases in LC1 (Figure 13-10c). 
Clearing might include stump removal in stands infected with 
root rot. TASS assumes that the land is reasonably free of 
slash when it establishes and grows the stand, and automati- 
cally informs FAN$Y, via the product and regime files, that 
slash burning has occurred (Table 13-12a). The user may 
cancel this treatment and select an alternative regime. 

Planting Nursery and planting costs are determined by the 
number of trees planted and the operating difficulty (LCI) as 
shown in Figure 13-10d. Planting 500 trees on LC1 10, for 
example, costs $433. Doubling the establishment density 
increases the investment to $525. The incremental cost 
($0.18/uee) is unreasonably low, and will be revised in future 
versions of FANSY. 

Brushing and Weeding Trees may encounter brush competi- 
tion which is intense enough to impede the height develop- 
ment and survival of the plantation. Since TASS assumes that 
trces are free growing af~er establishment, the user must 
specify the type and frequency of treatments if brushing or 
weeding is needed to ensure unimpeded growth (Table 
13-12a). Cost functions are available for manual brush 
rcmoval (stem injection, foliar spray) and aerial spray. 

Spacing and Precornrnercial Thinning Juvenile spacing is 
the primary means of reducing competition in overly dense 
stands where individual trees are too small to have commer- 
cial value. This treatment usually favors trees that are healthy, 
vigorous, wcll-spaced and of good form. The growth per 
hcctare can then be concentrated on fewer trees. Conse- 
quently, an investment in spacing should reduce harvesting 
and manufacturing costs and increase product value. This is 
only relevant if the regime being analyzed includes a spacing. 
That is, the corresponding stand grown by TASS must have 
been spaced at one or more ages (maximum of 3) during the 
simulation. The age and intensity of each treatment wiII be 
rccorded in the product (Table 13-12a) and regime files. 
Spacing costs are available for stands which are 4, 9 and 15 
meters tall. FAN$Y will apply the function that most closely 
matches the height of the stand. 
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Pruning Removing branches leads to the development of a 
shell of knot-free wood over the pruned length of the stem. 
Clear lumber cut from this section will bring a premium of 
almut 300 percent. One or two l i f ~  are permitled by FAN$Y. 
SAWSIM places an upper limit of 6.5 meters (21.3 feet) on 
the pruning height (i.e., a 20 foot log). Only one pruned log is 
permitted, although i t  may incorporate two lifts. Pruning cosl 
functions are graphed in  Figures 13-10e anti 13-10f. The user 
must request the first and second lifts to remove branches to a 
height of 6 meters. That is, two 2 to 4 meter lifts are required 
to attain a height of 6 meters. The following tabulation 
assumes 400 trees are pruned per hectare at age 23 in an area 
with an LC1 of 10: 

1st lift = $310 (Figure 13-10e) 
2ndlift = - $650 (Figure13-10f) 

To~al = $960 

Cosls of $2.40 per tree ($960/400) appear to be a little low in 
light of information assembled since these functions were 
derived. Consequently, pruning is assigned a cost of $3.00 per 
tree in the demonstration runs. The second lift in the above 
example could be omitted or delayed until a later age, but may 
not appear alone. Note that the second and third prunings 
shown in Table 13-12a are redundant at present. 

Fertilization Cost functions are provided with FANSY. 
However, this treatment will not be available for financial 
analyses until recent fertilization response data arc incorpo- 
rated into TASS. 

Annual Overhead and Protecfion The administrative over- 
head cost of managing a hectare of forest land is in the 
neighborhood of S5 to $10 per year in  addition to charges of 
$1.25 for prorection provided by the Forest Service. A cost of 
$10 is assumed in the demonsuation runs which accurnulares 
to $600 over the payment period of 60 years illustrated in 
Table 13-15. 

Harvestirlg Costs 
Harvesting costs are itemized in  Table 13-15. Costs relevant 
to a particular regime are provided by the user or calculated by 
the system using functions for infrastructure devcloprnent 
(Figure 13-1 la), operation, camp and crew overhead (Figure 
13-1 lb), central adminiswation overhead (Figure 13-1 lc), 
trcc-to-truck operations (Figure 13-lld),  hauling (Figure 
13-1 le), and sorting and scaling (Figure 13-1 11'). Important 
independent variables include LCI, volume harvested per 
heclare, average log volume, and hauling distance. This 
default information is based on func~ions fashioned after the 
appraisal methods developed by the Valuation Branch of the 
Ministry of Forests. No function is provided for water 
transport at present, although the total cost may be entered by 
the user. The coefficients of the equations which produce the 
default relationships displayed in Figure 13-1 1 may br: 
changed by the user but not the functional relationships. 

Manl((2cturing Costs 
The n~anufacturing costs represent a hypothetical mill with a 
quad-banti headrig, a double arbor gang saw, a board edger 
and the following throughput: 

Production = 90 million board fool per year 
Average log length = 15 feet (4.6 meters) 
Avcragc log volume = 10 cubic feet (0.28 cubic mctcrs) 
Number of logs = 2900 

proccssedlshi ft 

Milling costs can be attributed to the handling arid processing 
of individual logs or pieces of lumber in any proportion. At 
one extreme, all milling costs can be attributed to the log. The 
cost of milling a log is assumed to be relatively independent of 
its diameter over the range of sizes harvested in managed 
slands. Under these conditions, the total milling costs will 
increase in direct proportion to the number of logs harvested 
per hcctare. At the other extrcmc, milling costs can be 
attributctf to the nun~bcr of pieces of lumber processed. Hence 
milling costs per log will increase in relation to log diameter 
while milling costs per cubic meter will decrease. FANSY 
permits a division of milling costs between logs and lumber in 
any proportion. 

The default values in Table 13-15 which characterize the 
hypotheticai mill used to demonstrate SYLVER are based on 
information reported by other Task Force studies for green 
anci dry lumber. The demonsuation runs assume that all costs 
are attributed to log processing (i.e., a ratio of 1.00). Users 
can nlanipulate these values to describe a particular mill. 
Costs per log and per piece of lumber are generated automati- 
cally on Lhc basis of an eight hour day. Total manufacturing 
costs are dcrived from the number of logs and boards 
processed, and tlie corresponding piece rates. 

Notice that three manuf:icturing costs in the economic data file 
(Table 13-15) must be increased if the lumber is dried. Drying 
cos& are added automatically if the run parameter for lumber 
in Table 13-14 is set to dry (D). 

Taxes 
Annual taxes on forest property vary considerably in British 
Columbia. They are generally less than $1.00 per hectare 
($0.30 - 0.90) in the interior, but higher on the coast where 
rates of $1.00 to 7.00 per hectare are common. A tax of 
$10.00 is assumed in the example in Table 13-15 which 
represents a highly productive site reasonably close to the 
mill. The next version of FANSY will include cost functions 
for an annual property tax, and a property yield tax based on 
operating difficulty (LCI), hauling distance and site index. 

Log, Lurnber and Chip Prices 
The log prices (Table 13- 15) for each grade of Douglas-fir (F) 
are the average of the Vancouver Log Market yearly average 
values for the period 1982 to 1986 (Average Log Price Report, 
Council of Forest Industries). Chip prices are from the same 



Table 13-16  Lumber Premium Ratios 

Green Length Premium Green Grade Premium 

8 I0 12 14 16 18 20 22 24 C1 C2 SS 1 2 3 Econ. 
F 4 1.103 1.116 1.116 1.082 1.304 1.217 1.253 1.253 1.253 3.310 3.310 1.170 1.170 1.000 0.740 0.410 

6 1.169 1.135 1.271 1.139 1.348 1.287 1.316 1.399 1.464 3.230 3.230 1.180 1.340 1.000 0.700 0.400 
8 1.092 1.090 1.252 1.139 1.246 1.251 1.323 1.472 1.472 3.080 3.080 1.1 10 1.280 1.000 0.600 0.380 

I0 0.867 0.871 1.069 1.099 1.060 1.009 0.984 1.105 1.097 2.8f.55 2.860 1.020 1.180 1.000 0.560 0.360 

Dry Izngth Premium Dry Grade Premium 

8 10 12 14 16 18 20 22 24 CI C2 SS 1 2 3 Econ. 
F 4 1.103 1.116 1.116 1.082 1.301 1.217 1.253 1.253 1.253 3.140 3.140 1.250 1.060 1.000 0.720 0.320 

6 1.169 1.135 1.271 1.139 1.348 1.287 1.316 1.399 1.464 3.310 3.310 1.280 1.340 1.000 0.690 0.360 
8 1.092 1.090 1.252 1.139 1.246 1.251 1.323 1.472 1.472 3.310 3.310 1.280 1.280 1.000 0.640 0363 

10 0.867 0.871 1.069 1.099 1.060 1.009 0.984 1.105 1.097 2.750 2.750 1.060 1.180 1,000 0.540 0.300 

source. Both are in Canadian dollars. Lumber prices ($US/hl only has to specify the prices for No. 2 and Better lumber if  
fbm) are for random lengths, No. 2 and Better (average: 1981 the default values are acceptable. These ratios can be updated 
- 1986) from information reported in Random Lengths for by the uwr. The premium for clear boards, for example, could 
surfaced green dimension lumber. Premiums for length and he varied to evaluate the impact of pruning on financial return 
grade are described in the next section. for a range of potential lumber prices. 

Lumber Premiums 
FAN$Y automatically applies price premiums for length and 
grade (Figure 13-9), relative to base prices for random lengths, 
and No.2 and Better grades, respectively. 

Length 
The lumber prices for random length lumber rcported i n  
Random Lengths were compared with the prices of lumber 
categorized by length (8 to 24 feet). These comparisons 
expressed as ratios provide length premiums for green and dry 
lumber (Table 13-16). The trend of change of these ratios 
over time was examined. As expcctcd, the ratio varies ovcr 
time but the relative position of the length premium for 
different dimensions (2 x 4, 2 x 6, etc.) is reasonably stable. 
The average length premium ratios for the period 1981 to 
1986, which includes a full economic cycle, are incorporated 
into FAN$Y. The user can enter predicted prices ($US/hl 
b m )  for random lengths No. 2 and Better, and have the price 
premiums for length added automatically before the lumber is 
priced. The length ratios are the same for green and dry 
lumber (Table 13-16). They can be changed by the user if 
desired. 

Grade 
Grade premiums are based on the procedure for lengths using 
prices reported by WWPA for coastal mills. That is, prices for 
No. 2 and Belter were related as ratios to the prices for Clears, 
Select Structural, No. 1, No. 3 and Economy for the cor- 
responding period (1981-1986).+The ratios (Table 13-16) 
were found to be reasonably stable over the five year pcriod, 
which showed major changes in prices within a grade. The 
grade premiums are incorporated into FANSY so that the user 

Appraisal Data (Stumpage) 
Stumpage is determined in accordance with the Ministry's 
"comparative value timber pricing system" which sets a total 
stumpage revenue goal for the province and then ures a 
formula to allocate the burden to the licensees. The essential 
components of this system are: 

Alininr~im Rare Lowest rate for which the Crown will sell 
a cubic meter of wood. 

Base Rnie Rate set by the Ministry of Forests so as to 
generate [he stumpage revenue desired. I t  is based on 
recent harvest data from all cutting authorities for the 
previous 12 months. 

Valne Index Difference between appraised selling price 
and appraised operating costs on a particular site (cutting 
authority). 

Mean V(ilue Index Average (volume-weighted) value 
index of all cutting authorities for the previous 12 months. 

* Indica~ed Rutc (IR) Rate calculated from the base rare and 
value index. That is, I 

IR = Base Rate + (Value Index - Mean Value Index) 

* Silviculturnl Allowance Compensates for differences in 
treatment costs by district and. silvicultural type. Silvicul- I 

tural types and allowances, now under revision by the 
Ministry of Forests, will be replaced shortly. 

Log Prices Price of Douglas-fir logs on the Vancouver 
Log Market as determined by the Ministry of Forests for 
appraisal purposes. 



Table 13-17a. Evaluation Repon: Summary, Cosrs And Taxes 

FAN$Y Evaluation: ACI IPCL- 
l'age 112 Rotation: 60 years 

1 DISCOUNTED REVENUES @ 4% [3 + 4 + 51' 4908.19 
DISCOUNTED COSTS @ 4% [ I  + 21 4336.21 

NET PRESENT VALUE (NPV) PER HA @ 4.0% 572.58 

IhTTERNAL RATE OF RETURN 4.952% 
RATIO OF NPV TO FORESTRY COSTS 0.63 

OPERATING COSTS 
Forestry 

Survey/Prescription 
Site Preparation 
Planting 
Land Rent (Amual) 
Annual Overhead & Protection 

Total 

Harvesting @ age 60, 604.5 m3/ha C.U. 
Infrastructure Development 
Operation, Camp & Crew O/II 
Central Admin. Overhead 
Tree-to-Truck 
Water Dump, Room, Tow, Dewater 
lJauling 
Son & Scale 

Total 

Manufacturing 

Total 

TAXES 
Annual Property Tax 
Srumpage 

Total 

Discounted 

7.34 
180.53 
424.22 
59.14 

234.79 

906.02 

209.29 
164.08 
60.29 

1022.93 
0.00 

145.56 
142.87 

1745.02 

1137.72 

1. [ l ]  Operating Costs 
[2] Taxes 
[3] Revenue from the sale of logs 
[4] Revenue from the sale of lumber 
[5] Revenue from the sale of chips 

Revenue = Volume x Appraisal Price 
(logs) (Table 13-12a) (Table 13-5) 

tI-grade = 112.5 x 62.52 = $ 7,033 
I-grade = 6.5 x 51.58 = 335 
J-grade = 466.5 x 35.51 = 16,565 
X-grade = 19.0 x 25.67 = 488 - 

604.5 = $ 24.421 

IJarvest Cost (Fmr$Y:Table 13-17a) = $ 18,001 

Silvicultural Allowance per cubic metre (Chilliwack) = $  1.78 

Cost = I-Iarvest Cost + (Silv. allowance x harvest vol.) 
= $18,001 + ($1.78 x 604.5 m3/ha) = $ 19,077 

Value Index = (Revenue - Cost)/L'olume 
= ($24,421 - 19.077)1604.5 = $ 8.84 

Indicated Rate = Base Rate + (Value Index - MVI) 
= $9.96 + ($8.84 - 10.09) = $ 8.71 

Stumpage Rate = Maximum of hdicated &Minimum Rate 
= Maximum ($8.71.0.25) = $ 8.71 

Stumpage Payable = Stumpage Rate x Log Volume 
= $8.71 x 604.5 = $ 5,265 

Prices and costs were assumed to remain constant for the 60 
year rotation in this example (i.e., no cost/price trends). 
Otherwise, prices and cost would have to be altered. A base 
rate of $10.59 was used to calculate stumpage ($5,647) in 
Table 13-17a. This outdated value elevated the discounted 
stumpage and total discounted costs by $37, and depressed the 
net prescnt value by the same amount. 

Evaluation Reports 
A single run with FAN$Y can generate evaluation reports 
(Figure 13-9) for combinations of up to 10 regime files, 5 
managerial perspectives, 6 sites and 10 economic files for a 
total of 3000 reports! In practice, the user might select the 7 
regime files shown in Figure 13-12 which incorporate one 
silvicultural treatment (i.e., plant 500 trees per hectare) and 7 
harvest ages (i.e., 40, 50, 60, ..., 100) in combination with one 
managerial perspective (i.e., PCL: private operator logging 
Crown land and selling on the lumber market), one site index 
(i.e., unspecified: defaults to 3 3 ,  one economic file (i.e., 
Vedder) with localized costs and prices, and the associated 
variables in the lower box. The input screen displayed by 

Harvesting and Manufacturing Costs Costs determined FAN$Y in Figure 13-12 will produce 7 reports. 
from FAN$Y's own models described earlier. 

The appraisal system is applied separately for the coast and 
The financial statement begins with a summary of the 

interior regions. The following hypothetical example from the 
discountcd revenues and costs, and the corresponding net 

coast applies to a regime evaluated in the Chilliwack Forest present value followed by the internal rate of return and ratio 

District. Supporting information is given in Tables 13-5, of net present value to forestry costs (Table 13-17a). A 

13-1% and 13-17a. The reIevant rates became effective detailed listing of the operating costs and taxes is appended. 

October 1, 1987. The sales value of logs, or lumber and chips (Table 13-17b) 
follows, showing both the undiscounted and discounted 

Minimum Rate 

Base Rate 

Mean Value Index (MW) 

values. Sales revenue is derived from the sale of logs, or 
= $ 0.25 lumber and chips depending on the market option selected 
= $ 9.96 under the managerial perspective. The lumber market option 

also produces a table of lumber volumes by width and grade 
= $ 10.09 (Table 13-17b). 



/- CURRENT SELECTIONS i 

Financial 
Analysis 
System 

ECONOMIC 

VEDDER 

VARIABLES 1 , 1 rlo Cost Trend.. 0 . 0  Cost L u t n b ~ ~ ,  Adjust.. 1 . 0 0  1 , 1 
Price Trend. 0 . 0  Price Adjust. 1 . 0 0  
Crown DR... . 4 . 0  Selling Zone. 
Private DR.. 4 . 0  District ..... 
Distance . . . .  3 0  Silv. Type. . .  

Fig. 13-12 User selected files and parameters displayed by 
FANSY 

Table 13-17b. Evaluation Report: Lumber Value And Volume 

FAN$Y Evaluation: ACl 1PCL- 
Page 2/2 

SALES VALUE-LOGS (not requested in this example) 

SALES VALUE - LUMBER 
Fir 2x4" 2x6" 
Clears 0.00 0.00 
SS &1 6407.00 5844.71 
2 2767.06 2322.36 
3 940.96 73 1.63 
Econ. 347.94 278.35 

TOTAL 

SALES VALUE - CHIPS 
Fir 

4548.34 0.00 0.00 0.00 

TOTAL 4548.34 

DISCOUNTED SALES VALUE - LUMBER 
2x4" 2x6" 2x8" 2x10" 
0.00 0.00 0.00 0.00 

621.1 1 566.60 427.10 1301.66 
268.25 225.14 165.30 408.23 
91.22 70.93 47.24 136.11 
33.73 26.98 19.94 58.33 

DISCOUNTED 4467.86 [4] 

DISCOUNTED SALES VALUE - CHIPS 
Fir 

440.93 0.00 0.00 0.00 

VOLUME - LUMBER 
Fir 2x4" 2 x 6  2x8" 2x10 
Clears 0.00 0.00 0.00 0.00 
SS &1 22361.00 17944.00 13798.00 42109.00 
2 10762.00 8934.00 6309.00 14198.00 
3 4967.00 4036.00 3017.00 8446.00 
Econ. 3315.00 2687.00 2011.00 5631.00 

DISCOUNTED 440.93 151 

TOTAL 170525.00 



Table 13-18. Hypothedcal Site: Plant 500 Trees and Harvest At Age 60 

REGIME (e.g. file P50E-60" selected by user) 
Species Douglas-fir 
Site Index 35m 
Planting Density 500ha 
Harvest Age 60 Y ~ S  

Trees Harvested 438ha 
Volume (Close U) 604.5 
Logs Processed 1956ha 
Decay. waste etc. 0 % 

RUN PARAMETERS (specified by user) 
Land Class Index 10 
Future Trendly r: 

Costs 0.0 % 
Prices 0.0 % 

Discount Rate: 
Crown 4 %  
Private 4 % 

Hauling Distance 30 km 
Lumber Green 

OPERATING COSTS (optionally specified by user) 
Forestry 

Survey/Prescription 
Site Preparation 
Planting 
Land Rent 
Annual Overhead & Protection 

Harvesting 
Manulac~uring 

Cosr/L.og 
Number of Logs 
Total Cost 

Stumpage 
Taxes - 

Log Distribution (m3/ha) 
H I J X 

112.5 6.5 466.5 19.0 
No. boards 10771ha 
Lbr. Recov. Fac. 282 fbmlm3 
Chip Kecov. Fac. 90.97 DI>U/ha 
Lumbcr 
distribution Table 13-13 

US Exchange Rate 
Cost Adjustment 
Price Adjustment 
Selling Zone 
District 
Silviculture Type 
Land Manager 
Land Owner 
Analysis(Market) 

1.25 
1.00 
1.00 

1 (coast) 
11 (ChiUiwack) 

1 (coast) 
Private 
Crown 
Lumber 

$ 7.49ha 
184.11 
432.62 

0 . 2 5 / m ~ h a / ~ r  of MA1 
1 O.OO/ha/y r 

18000.50 (Table 13-17a) 

$ 6.00(Table13-15) 
1956.00 (Table 13-12a) 

$ 11736.00 
$ 5647.10 (Crown land: see text) 
$ 1 O.OO/ha/yr (private land) 

SELIJhlG PRICES & PREMIUMS (optionally specified by user) 
Lumber Prices: random lengths, # 2  and be~te; grade 

4" 

. . 

Premiums for length & grade 
Chip prices 

---- (see Table 13-1 6) 
$ 50.00iBDU 

The net present value W V )  is the single most relevant Demonstration: Establishing 
slatistic generated by FAN$Y (Table 13-17a). A value of zero ~ i l ~ i ~ ~ l f ~ ~ ~ l  ~ ) ~ i ~ ~ i ( i ~ ~  
means that the target investment rate (discount rare) has been The following simulated experiments illustrate methods of 
achieved. Values above zero represent returns on investments analyzing and interpreting data generated by SYLVER. The 
which Ihe larget the magnitude of NPV results are displayed solely to demonstrate the potential and 
and the apparent merit of a treatment an investment limifations of the model. They must not affect management 
perspective are very sensitive to the underlying assumptions. decisions or field procedures the enhe is 
That is, two reasonable sets of assumptions could produce and customized to a particular site. 
divergent NPVs. 
The listing of discounted operating costs, taxes and sales 
revenue in each evaluation report (Table 13-17) helps the user Planting Density 
assess the impact of itemized expenditures and revenues on Consider a recently logged area of Crown land scheduled for 
M'V. For example, the contribution of each lumber category site preparation and planting of coastal Douglas-fir. The 

is displayed to show the effect of dimension and grade. forest manager may want to decrease the number of Vets 



Table 13-19a-f. Data For Evaluating Planting Density and Harvest Age 

Harvest Age (years) 
Planting 
Density 40 50 60 70 80 90 100 

(a) Harvest Volume (m3/ha): TASS: Figure. 13-13 
1110 378 561 747 879 980 
750 336 519 695 851 963 
600 305 477 651 815 932 
500 279 439 605 760 888 
400 241 390 539 681 813 
300 203 331 462 587 698 

(b) Lumber Volume (Mbf/ha): SAWSIM: Figure 13-14 
1110 91 143 198 241 278 
750 83 134 188 238 277 
600 77 125 178 231 272 
500 71 119 171 218 262 
400 63 106 154 200 241 
300 52 91 133 171 207 

(c) Lumber Recovery Factor ( h / m 3 ) :  SAWSIM 
1110 240 255 265 274 284 
750 248 259 270 280 287 
600 254 263 274 283 291. 
500 253 271 282 287 295 
400 261 272 285 294 297 
300 254 274 . 287 292 296 

(d) Log Value ($/ha): FANSY: Figure 13-15 
1110 12303 18446 25904 32419 38000 
750 10605 16798 23714 31505 37001 
600 9561 15729 23195 31112 36813 
500 8629 15096 21860 28955 35209 
400 7425 13056 19644 26414 33357 
300 6257 11386 18035 24271 29525 

(e) Lumber Value ($/ha): FAN$Y: Figure 13-15 
(No degrade for juvenile wood) 

1110 24232 38397 53574 65261 75440 
750 22062 36211 50785 64663 75314 
600 20591 33630 48155 62430 73759 
500 18770 32077 46088 59196 71050 
400 16812 28482 41582 54000 65430 
300 13716 24340 34790 46405 ,56046 

(Maximum degrade for juvenile wood) 
1110 16721 27844 40876 51598 61157 
750 14970 25171 36991 49194 58898 
600 13634 22876 34089 45886 56245 
500 12116 20805 31761 42506 52520 
400 10562 18006 27593 37273 46456 
300 8476 15066 22931 30836 38254 

(f) Chip Value ($/ha): FAN$Y: Figure 13-15 
1110 3542 4896 6181 6911 7316 
750 3034 4427 5584 6482 7028 
600 2680 3984 5126 6091 6641 
500 2453 3519 4548 5548 6198 
400 2030 3101 3990 4780 5589 
300 1772 2612 3383 4163 4833 

Harvest Volume (m3/ha) 
l l O o l  . / I 

0 10 20 30 40 50 60 70 80 90 100 110 120 
Plantation Age (years) 

Ng. 13-13 Harvest volume versus plantation age by selected 
planting densities 

planted as a means of reducing growing costs and increasing 
company profits. Assume current reforestation policy for 
highly productive sites calls for 11 10 planted trees per hectare 
with harvesting scheduled for age 70. The manager might 
simulate planting densities of 1110, 750, 600, 500, 400 and 
300 trees per hectare, and examine the potential for harvesting 
each density at decadal ages from 40 to 100 years. Figure 
13-12 displays the summary screen of FAN$Y prior to the 
analysis of stands planted with 500 trees and harvested at the 
seven proposed ages. Input information processed by FANdY 
for the plantation harvested at age 60 is illustrated in Table 
13-18. Table 13-17 shows the corresponding evaluation 
report. The following discussion of results covers the 
proposed range of planting densities and harvest ages. 

Harvest Volume 
The merchantable volume of standing timber (Table 13-19a) is 
displayed in Figure 13-13. The yield of young stands is 
proportional to Ihe number of trees. However, differential 
mortality and other factors allow plantations of relatively wide 
spacing to close the gap and eventually surpass the yield of 
denser stands. The plantation with 300 trees will also conform 
to this pattern in time. 



Table 13-19g-I. Dau For Evdunring Plmring Density and Hamest Age 
(umtinucd) 

H n m t  Age (yenn) 
Planting 
Density 40 50 60 70 80 90 100 

(g) Net Present Value [M"TI (Shs  @ 4%): PANSY 
lumber (No.degrade for jw. wood) 8: chipr 

1110 -1835 -595 -169 -82 -188 
750 -848 40 229 ' 197 5 
600 -341 184 310 189 37 
500 -116 493 573 315 108 
400 I n  574 571 38s 107 
300 -41 386 322 155 -5 

0) h r m l  Rate of Return (5): FAN3Y 
lumber (No degrade for jw. wood) & chips - 

1110 - 1.9 3.6 3.9 3.7 3.6 3 3  
750 4.8 3.9 4.4 4.3 4.0 3.8 3 5  
600 25 4.4 4.6 4 3  4.1 3.8 3.6 
500 3.6 5.0 5.0 4 5  4 2  3.9 3.6 . 
400 4.6 5.2 5.0 4.6 4.2 3.9 3.6 
300 3.8 4.9 4.6 4 3  4.0 3.7 3.4 

Lumber Volume (Mbftha) 
400 

I 

Planting Density 

1100/ha - 
750/ha --- 
600/ha (omitted) 

500/ha -.- 

400/ha - - 
300/ha ---- 

w~ 10 20 30 40 50 60 70 80 90 100 110 120 
Plantation Age (years) 

. . 

Table 13-20. Diibut ion of Log Vdumu by G& 

Log Volume . 
Planting Harven Log Cirrde Torrl 
Denriry Age Volume 
(=Jh.) Olun) H I J X (m3h) 

Voiume ( m 3 h  : 40) 
300 40 1 ( 1) 2 (  1) 176 (86) 24 (12) 203 

60 138 (30) 16 ( 4) 291 (63) 17 ( 3) 462 
80 253 (36) lOO(14) 333 (48) 12( 2) 698 

100 332 07) 218 04) 333 (37) 14 ( 2) 897 

The predicted volume of logs harvested per hectare is identical 
to the standing voiume shown in Table 13-19a since decay, 
waste and breakage are assumed to be negiigible in trees from 
second-growth forests. The distribution of volume by log 
grade is listed in Table 13-20 for a cross-section of planting 
densities and potential harvest ages. J-grade Iogs are most 

at a particular age because the minimm 
is only 10 centimelers as ogposed to - 

500 40 - - ~3 (91) 26 ( 9) ng centimeters for H- and I- 
60 113 (19) 6 ( 1) 467 Cn) 19 ( 3) 605 The proponion of J-Io 
80 280 01) 34 ( 4) 557 (63) 17 ( 2) 888 i, ing age and wid 

100 417 (39) 80 ( 8) 558 (52) 15 ( 1) 1070 - 
relatively I q e  dimensions produce a p e r  promon  of 

750 40 - - 
60 

319 (9g 17( 5)  336 . . 5-rn logs which qualify for the higher grades. Notice tRar the 
66(10) - 615 (88) 14( 2) 695 

so n l ~ ~ )  ro ( 1) 657 (69) 15 ( 2) 963 ~poponi~n of H- and 1-grade in 
loo 386 (36) - 27 ( 3) 631 (69) 13 ( 1) 1057 decline in I-grade logs towards hig . . 

in knot size which permits the togs ro fm the 
1110 40 15(4) - 

60 ss (12) - 346(92' 643 (86) 17( 15 ( 4, 2) 747 - H-grade. short lo ow value accmulate in the x grade 
80 291 00) - 677 (69) 2 ( 1) 980 Their distribution linle relationship to age or density 

100 40507) - 0% part of tk stem. 
The proportion of volume by own in Table 13-20 
conforms nabty well with the results of Chapter 7 
consider@ that the latter study combined logs from stands 
covering a range of ages and densities. 
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i Lumber Volume and Recovery The returns from pruning shown in Figure 13-17 are discussed 
The effect of espacement on lumber volume (Table 13-19b; later. 
Figure 13-14) imitates that of standing volume. Lumber interpretation of NPV is straightfoward. Any investment 
recovery factors (Table 13-19c) calculated from Tables 13-19a oppo*uniry BI yields a NPV of zero or more will 
and '13-19b improve as trees increase in age and size. Notice income at the discount rate (e.g., 4+) or above. 
that trees from open-grown stands have relatively high lumber Consequently, the manager would likely pursue all oppor- , recovery at 40 years 'because of their size, but the advantage tunities with a positive NPV if funds are unlimited. Where 

1 as me stands age' projects are mutually exclusive, the manager would choose the 
I c o m ~ ~ a b l e  recovery factors Of 265 to 283 feet per project with the highest NPV. The incorparation of budget 

cubic meter for stands which varied in age from 42 to 62 years constraints is discussed in the next section. i (Chapter 1) assuming four years were required a reach breast I 
height after planting. The combined sources of information, Ratio of Net Present Value to Forestry Costs 

' 
including observed stocking densities, imply that estab- This ratio of NPV to forestry costs measures the return relative 
lishment density likely ranged from 400 to 11 10 trees per to expenditures on forest management. The example in Table 
hectare. 13-17a has a ratio of 0.63 ($572.58/$906.02) which means 

that each discounted dollar spent on forestry returns $0.63 
Product Value (discounted) more than would be realized by investing it at 4 
The value of end-products (Tables 13-19d to 13-190 realized The manager would favor investments the 
from each planting density and potential harvest age is highest ratio of NPV to forestry costs when faced with budget 
illustrated in Figure 13-15 for lumber (with and without constraints (Table 13-19h). Budget conswain& occur when 
degrade for juvenile wood), logs and residual chips. Degrad- there are insufficient funds invest in all projects with an 

, ing lumber for juvenile wood content lowers its value by 20 to NPV equal to or greater than zero, From perspective, 
I 30 percent. These estimates may be Overly pessimistic plantations with 400 trees will outperform all other densities if 

because they assume that all boards in the affected visual harvested between age 50 and 60. NPV/cost ratios can also 
grades (Table 13-7) are shifted to less demanding classes. The evaluate the contribution of optional treatments. ~h~ in- 
introduction of machine stress rating systems, in place of cremental benefits of pruning are analyzed later. 
visual grading procedures, would reduce the number of boards 

I degraded and the overall impact of the variable strength Internal Rate of Return 
properties of juvenile wood. Logs provide less revenue The internal rate of return (IRR) is the discount rate that 
because they are relatively unmanufactured, and of much less equates costs to revenues as illustrated in Table 13-17a which 
value per cubic meter than lumber. shows a rate of 4.952 percent. The NPV of $572.58 in the 

upper part of Table 13-17a represents excess return relative to Net Present Value 
the target rate of 4 percent. Using a discount rate of 4.952 

NPV in Table 13-19g is the difference between the sales percent in the analysis in place of percent would yield an 
revenues and costs including stumpage (Table 13-17a) after NPV of zero. Notice that each regime with a positive NPV in " values to the time Of planting' The 

Of Table 13-49g also has internal rate of return greater than 4 
planting density, harvest age and juvenile wood content is percent (Table 13-19i). The relative merits of 

graphically in Figure 13-16. Stands 
based on ~ R R  may not k consistent results using other 

400 500 trees and harvested 50 to 60 years later investment criteria &cause of differences in the implied 
provide higher returns lhan alternative regimes when the 

underlying assumptions, particularly if the time periods are 
conventional visual grading procedures are applied. Recogni- 

' not comparable. For example, stands planted with 500 trees tion of juvenile wood properties reduces NPV substantially, 
and harvested at age 50 or 60 years generate the same IRR of expands the range of optimum planting densities (500-750 
5 percent in Table 13-19i. The corresponding ratios of NPV 

trees per hectare) and delays harvesting until age 90. to forestry costs (0.56 versus 0.63) in Table 13-19h are 
However, the negative impact of juvenile wood displayed in considerably different because each method of analysis 
Figure 13-l6 likely be in Pan current and imposes different assumptions for the 10 year period follow- 
future 13-19g and Figure 13-l6 ing cutting at age 50. IRR can & used when funds are limited 
silvicultural practices from the perpective Of a private although economists generally prefer the ratio of NPV to 
company managing Crown land as to private foresue forestrl costs. Mishan (1975) gives a comprehensive 
The latter situation is represented by the lowermost curve in discussion of these investment criteria. 
Figure 13-17 for a plantation of 500 trees. NPVs are consider- 
ably higher ($275 at 55 years) because the tax on private Mean Annual Increment 
property is much less than stumpage paid for timber harvested Harvest volumes can be sustained at the highest level over a 
on Crown land. However, the optimum planting density and series of rotations by selecting the planting density and age 
harvest age, in terms of NPV, does not change appreciably. that achieve the maximum mean annual increment (MAI). For 
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Table 13-21. Incremental Analysis of Pruning on Private Land 

Harvest Age (years) 
Investment 
Criteria 40 50 60 70 80 90 100 

Plant 500 Treesfla and Prune @ Age 23 
NPV($)' -678 332 1049 
Cost ($) 1410 1441 1464 
NPV/Cost -0.48 0.23 0.72 

Plant 500 Treesfla and Omit Pruning 
NPV($)' -306 623 885 
Cost($) 853 884 906 
NPVICost -0.36 0.70 0.98 

Differential Contribution of Pruning 
NPV($)' -372 -291 164 
Cost($) 557 557 557 
NPV/Cost -0.67 -0.52 0.29 

1. Based on split-cant sawing. 

Fig. 13-17 Net present value ($/ha) of p r u n d  and unpruned 
stands versus plantation age for a planting density of 
500 stems per hectare on private land 

example, dividing each entry in Table 13-19a by the cor- improvements in lumber recovery as tTees and logs achieve 
responding age gives a maximum value of 12.6 cubic meters larger dimensions. The MA1 of lumber value gives identical 
per year at age 70 when 1110 trees are planted. The same results. Log value tends to extend the cutting age. This may 
analysis gives different results when applied to other measures reflect the relationship between log diameter and price. The 
of productivity as shown below: attractiveness of high establishment density and long rotations 

MA1 Indicator Density Harvest Age 

Volume 
standingflogs 11 10 70 
lumber 1110' 75 

Value (revenue) 
lumber 11 10 75 
logs 1110 80 

NPV 
no degrade 400-500 55 
degraded 500-750 90 

The optimum planting density and harvest age depends on an 
organization's objective. A policy that strives to maximize 
the merchantable volume of standing timber, or logs, encour- 
ages relatively high planting densities (e.g., 1110 trees per 
hectare). Emphasizing lumber volume has a similar effect, 
except that the harvest age is delayed by 5 years to capture 

vanishes when planting and carrying costs are incorporated 
into the analysis through hTV which directs the manager to 
plant 400 to 500 trees and harvest at age 55. An analysis of 
the NPV of lumber degraded for juvenile wood recommends 
increases in the planting density and harvest age. Both actions 
reduce the proportion of undesirable juvenile wood in trees. 

Pruning 
The results from the simulated experiment with different 
planting densities may encourage the forester in this 
hypothetical example to look for other opportunities to 
increase net revenue. Pruning is a likely choice because clear 
lumber currently commands a premium in excess of 300 
percent relative to the price of the No. 2 and Better grade 
category. We may assume that pruned plantations established 
with 500 trees on private land are of immediate interest. 
However, the pruning cost functions shown in the economic 
file do not agree with the company's experience of $1.00 and 
$2.00 per tree for lifts 1 and 2, respectively, for 23 year old 



stands pruned to a height of 6.5 meters. This amounts to 
$3.00 per tree or $1350 per hectare, assuming 450 trees 
survive to age 23. To remedy the situation, the manager 
recalls the economic file and enters $450 and $900 in place of 
the pruning cost functions for the two lifts. The results are 
summarized in Figure 13-17 along with comparable informa- 
tion from the untreated companion stand growing on private 
land. Pruning increases the NPV by $250 and delays ihe 
optimal harvest age by about 10 years, assuming conventional 
full-cant sawing is employed in both cases. Split-cant sawing 
of pruned logs further elevates the NPV by $150. This 
method of sawing reduces lumber recovery by about 1 percent 
but increases the yield of clear lumber by 6 percent because 
logs are positioned so that boards are more closely aligned 
with the knot-free shell.. Clear lumber produced by pruning 
and split-cant sawing accounts for 14 percent of the total 
volume, and 33 percent of the value. 

and costs, including forestry costs. If the latter cost had not 
been removed, the ratio calculated at the bottom of Table 
13-21 would increase from 0.68 to 1.68. This means that 
$1.68 of discounted revenue is returned for every dollar 
invested in pruning at 4 percent. 

Sensitivity Analysis 
The preceding demonstrations show that net present value and 
rotation age are sensitive to planting density, pruning and 
juvenile wood content. However, there are many other 
variables in FAN$Y that affect the outcome of the financial 
analysis. These include other regime variables (site quality), 
run parameters (operating difficulty [LCI], cost/price trends, 
discount rate, hauling distance, kiln drying and exchange rate), 
operating costs (forestry, harvesting, manufacturing, stumpage 
and taxes), and product prices. The user needs to be aware of 
the variables that can alter the results through relatively small 

Treatments other than pruning (such as juvenile spacing and changes in magnitude. Site index, for example, can be tested 
fertilization) will also have an impact on the financial analysis by changing iE current value of 35 meters incrementally to 
to a greater or lesser degree. They will be evaluated in future evaluate the impact of site on the of *V 
trials with SYLVER. 

and associated rotation age. The value of all other independ- 
ent variables should be standardized at values such as those 

Incremental Analysis given in Table 13-18. Each sensitivity trial in the following 
analysis is viewed separately from the perspective of a 

The manager investigating treament opportunities may want company logging Crown land and private land. Some 
to compare the incremental benefits of treatments that enhance scenarios might give unrealistic results because arbiuari 
the qu'"tit~ or quality of wood ~roduced by a base regime. conditions may be created by restraining variables that are 
For example, what is the return on each dollar spent pruning a closely linked (such as property tax and site quality). The 
young stand planted with 500 trees? This treatment is 

stand with 500 trees per hectare serves as the base case in the 
particularly interesting because the analysis of incremental 

following analysis. 
return must accommodate different harvest ages. 

The NPV displayed in Figure 13-17 is the combined return 
from planting and pruning on private land. The contribution 
of pruning (split-cant sawing) can be isolated by comparing 
the two alternative management options (i.e., planting 500 
trees per hectare and pruning at age 23, versus planting alone). 
Table 13- 21 shows the NPV, forestry costs and corresponding 
ratio for each option, followed by the differential contribution 
of pruning in terms of NPV and costs. The ratio of NPV to 
forestry costs is calculated from these differences in the third 
section of Table 13-21. The positive values suggest that the 
incremental benefits of pruning begin to accrue by age 60 and 
peak about 10 years later when the NPV and ratio of NPV to 
forestry costs reach $578 and 1.04, respectively. However, 
this analysis assumes that both management options incor- 
porate the same harvest age. A close examination of each 
shows that the investment criteria culminate close to 60 years 
for planting alone, and about 70 years for the combined 
treatment. The incremental contribution of pruning at optimal 
harvest ages is given at the bottom of Table 13-21. The 
pruning component of the treatment regime has an NPV of 
$392, and each dollar spent on pruning yields $0.68 more than 
would be earned by investing it at 4 percent. Note that NPV 
expresses net return which is the difference between revenues 

Site Productivity 
In this trial, site index is decremented in steps of 5 meters 
from 45 to 25 meters. Figure 13-18a shows a steep decline in 
NPV ($2400 to -$600), and increase in harvest age (46 to 80 
years) on Crown land. NPV is even more sensitive to site 
quality on private land, although the length'of the rotation is 
less affected. The crossing of the curves is an anomaly that 
would not likely appear if property taxes, currently held 
constant at $10 per hectare per year, were tied to site index. 
Prorating taxes from $15 on site 45 to $5 on site 25 causes the 
lines to merge below site 30. The curves cross when the 
discounted tax payments exceed the stumpage paid for Crown 
timber. 

Land Class Index (LCI) 
This run parameter of operating difficulty, previously set at 10 
(Table 13-18), is allowed to range from 0 to 30 in Figure 
13-18b. NPV is highly sensitive to LC1 while the harvest age 
is quite stable. The latter increases slightly on Crown land. 
Notice that it is better for industry to manage Crown land than 
its own land when the LCIs exceed 20, because the tax on' 
private property is greater than the stumpage paid for public 
timber! Taxes are not adjusted for LCI, unlike stumpage rates. 
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Flg. 13-18 Sensitivity of NPV and harvest age to: (d) discount rate, 
(a) site productivity, (e) hauling distance, and 
(b) land class index, ( f )  exchange rate for both private and 
(c) cost and price trends, Crown land operations 



Table 13-22. Effect of Cosu on Net Present Value at Age 60. 

CROWN LAND Net Present Value of 500 Planted Trees ($ha) 

Cost on Crown Land Increment 
Planting 1017 813 609 (433) 405 201 -3 $ 2Mha 
Overhead2 34.40 25.90 17.40 (10.00) 8.90 0.30 -8.30 8.50ha 
~ a u l i n g ~  21.30 17.90 14.50 (2.50)~ -- -- 3.40/m3 
shunpage4 20.40 17.00 13.60 (10.59) 10.20 6.80 3.304 3.40/m3 

PRIVATE LAND Net Present Value of 500 Planted Trees ($/ha) 

0 200 400 6M) 800 (885)' loo0 

Cost on Private Land Increment 
Planting 1335 1131 927 723 519 (433) 315 $ 2Mha 
Overhead2 47.70 39.20 30.70 22.20 13.60 .(10.00) 5.10 8.50ha 
~aulin$ 17.60 14.20 10.80 7.40 3.90 (2.50) 0.50 3.40/m3 
Taxes 47.70 39.20 30.70 22.20 13.60 (10.00) 5.10 8.50ha 

1. Actual values from the planting density experiment. 
2. Annual overhead and protection. 
3. Hauling costs are offset by reductions in stumpage until the minimum rate ($0.25hn3) is imposed 

coincidentally with a hauling cost of $1 1.50/m3. That is, any hauling cost under $1 1.50/m3 will 
generate a net present value of $573/m3. 

4. Minimum stumpage sets a lower limit of $1.50hn3 on the base rate, and a corresponding upper 
limit of $ 1  l05ha on NPV in this example. 

5. Annual COSL 

Cost and Price Trends 
Figure 13-18c shows that annual changes in costs and prices 
have a substantial effect on NPV, considering the scale only 
ranges fiom -2 percent (0.98) to +2 percent (1.02). Harvest 
ages are not affected. Notice that the slopes of the price lines 
are identical on Crown and private land while the cost 
functions are not. NPV is less sensitive to cost trends on 
Crown land because stumpage decreases in response to an 
increase in harvesting costs. 

Drying 
Kiln drying lumber from stands established with 500 trees per 
hectare increases the selling price of lumber by $30 per 
thousand board feet at a cost of just under $10 per thousand. 
This boosts the NPV by about $700 assuming no degrade due 
to drying. If degrade is included, the benefits from drying 
($450) are somewhat lower. The change in NPV is identical 
on Crown and private land as shown below: 

Crown Private 

Discount Rate 
Figure 13-18d shows a reduction in NPV and rotation age on 
both public and private land as the discount rate increases 
from 3 to 5 percent. This is no surprise since carrying costs 
rise exponentially. 

- 

Dry Green Gain Dry Green Gain 

No drying degrade 1325 (625) 700 1600 (900) 700 
Drying degrade 1075 (625) 450 1350 (900) 450 

The rotation age is stable on each tenure. 

Hauling Distance 
Increasing the hauling distance on private land decreases NPV 
without altering the time of harvest (Figure 13-18e). The 
situation on Crown land is more complex. Neither variable is 
affected by hauling distances up to 100 kilometers because 
transportation costs are deducted from stumpage. Offsetting 
costs continue until minimum stumpage is imposed. Addi- 
tional hauling costs must be absorbed by the operator, causing 
a reduction in NPV and a lengthening of the rotation. Note 
that hauling costs contribute to the determination of stumpage 
for a particular site but do not affect the base rate. for the 
region. 

Exchange Rate 
Figure 13-28f shows that NPVs of public and private timber 
are equally sensitive to the exchange rate for the United States 
dollar through its impact on the value of lumber in Canadian 
dollars. Harvest ages are not affected. 
Planting Costs 
Table 13-22 shows the relationship between planting cost per 
hectare and NPV for stands established with 500 trees. 
Rotation length is kept at 60 years for convenience in this and 
later analyses because it is not affected by planting costs. 
Planting 500 trees costs $433 and produces a NPV of $573 on 
Crown land in the current analysis. Increasing planting costs 



to $609 decreases the NPV to $400 (Table 13-22). An 
expenditure of $813 reduces NPV to $200. That is, a change 
of $204 in the planting cost alters NPV by $200. The direct 
relationship between cost and NPV also applies to survey, site 
preparation, and all other one-time costs incurred at the time 
of stand establishment. These initial costs only benefit from a 
discount period of 0.5 years unlike harvest costs which are 
discountqd over the entire rotation. The relationship between 
planting cost and NPV is similar on private land (lower part of 
Table 13-22) although shifted due to the higher NPV ($885) at 
age 60. 

Annual Overhead and Protection Costs 
The sensitivity of NPV to annual overhead and protection 
costs is analyzed in the same manner as planting costs. These 
costs (cunently $10 per hectare per year) differ in that they are 
expended annually for 60 years. A change of $8.50 per year is 
required to alter NPV by $200 (Table 13-22) on both Crown 
and private land. 

Hauling Costs 
Hauling costs, like other harvesting and manufacturing 
expenditures incurred at the end of the rotation, have relatively 
little impact on NPV because discounting at 4 percent for 60 
years reduces every dollar to about 10 cents. On Crown land, 
hauling costs (currently $2.50 per cubic meter) are offset by 
reductions in stumpage (currently $10.59 per cubic meter) 
until the minimum stumpage rate ($0.25 per cubic meter) is 
imposed coincidentally with a hauling cost of $1 1.50 per 
cubic meter (Table 13-22). Further increments of $3.40 per 
cubic meter cause a corresponding reduction of $200 in NPV. 
The sensitivity of NPV to hauling costs is similar on private 
land although stumpage is not a factor. 

Stumpage and Taxes 
Stumpage (base rate) on Crown land has a similar impact on 
NPV as hauling costs because both are incurred at time of 
harvest (Table 13-22). Taxes on private land are identical to 
annual overhead and protection costs in terms of amount ($10 
per hectare per year), payment (annual) and relationship to 
NPV oable 13-22). 

Recommendations and Conclusions 
SYLVER was conceived and designed as a silvicultural tool 
for forest managers responsible for evaluating the impact of 
cultural practices and environmental variables on standing 
yield, product recovery and financial return. Initial validation 
shows that it has successfully integrated the results of other 
Task Force projects into a system that is sensitive to environ- 
mental variables, silvicultural practices, wood properties, 
product quality, financial return and managem,ent oppor- 
tunities. The striking increase in the net present value of 
pruned stands illustrates the dynamics of financial yield, and 
the insight that SYLVER can provide when adequately 
validated. 

Reviewers of interim copies of FAN$Y recognized that its 
financial summaries could be misinterpreted and applied 
incorrectly if distributed to foresters 'with good intentions but 
no experience. Consequently, the Task Force recommends 
that a formal training program be prepared and made available 
to the personnel of member organizations planning to evaluate 
or implement the system. 

The Task Force encourages its members to test FAN$Y 
rigorously, and assess its performance in relation to their 
practical experience in sectors simulated by SYLVER. Users 
are also requested to recommend future directions for system 
development. Current plans calI for additional silvicultural 
treatments (e.g., juvenile spacing, fertilization, and commer- 
cial thinning), processes such as stress grading, and economic 
analyses that will incorporate social benefits. All suggestions 
will be evaluated and incorporated into the next version of 
SYLVER where practical. 
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