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Table 13-15. Economic Data File: Variables And Sample Data!

FORESTRY COSTS ($/hectare) example2
Annual Land Rent (accurhulated to age 60) 151.12
Surveys/Prescription -+ 7.49
Site Preparation: Slash Bum 184.11
Site Preparation: Scarify
Site Preparation: Chemical
Site Preparation: Other

Planting 432.62

Brush/Weed: Man.+ Stem Inject

Brush/Weed: Man. Foliar Spray

Brush/Weed: Acrial Spray

Spacing & P/C Thinning: 4m

Spacing & P/C Thinning: 9m

Spacing & P/C Thinning: 15m

Pruning: 2 -3 m Lift

Pruning: 5-7m Lift

Fertilization: Juvenile

Fertilization: Late

Annual Overhead & Protection (accum. to age 60) 600.00
HARVESTING COSTS (3/m?)

Infrastructure Development 2158.92

Operation, Camp & Crew Transportation Overhecad  1692.53

Central Administration Overhead 621.93

Tree-to-Truck 10551.83

Water Dump, Boom, Tow & Dewater

Hauling 1501.50

Sort and Scale 1473.79
MANUFACTURING COSTS GREEN DRY?

Number Workers/Shift 55.00 - (57.25)

Average Wage . 22.50

Operating Cost/Shift 4500.00 (5570.00)

Admin & Depreciation Cost/Shift 3000.00  (3570.00)

Logs Processed/Shift 2500.00

Log Processing Proportion ' . 1.00

Average Pieces/Log 5.00

Cost/Log 6.00%

Cost/Piece 0.00
TAXES

Annual Propeny Tax 10.00
LOG PRICES (CDN S/m3) : by species (IF) and grade (A-Y)

A B Cc D H 1 J X Y

F 15439 101.57 6670 114.10 54.68 4698 3230 17.63 7.83

LUMBER PRICES (§US/1000 FBM) 4-10" widths GREEN : DRY PREMIUM
4 6 8 10+ Green/Dry Diff.
F 168.30 16220 168.20 220.80 30.00

CHIP PRICES ($/BDU): by species (F): used on the coast of B.C.
F
50.00

1. Costs apply 10 a stand having an LCI of 10 planted with 500 trees/ha.
No further treatments are applied before harvesting 604.5 m? at age 60.

2. Undiscounted costs calculated using forestry and harvesting cost functions.
The corresponding coefficients are normally displayed in this section.

3. Substitute costs if lumber is dried.

4. {{(55 workers x $22.50 x 8hr) + $4500 + $30001/2900logs} x 1.00

10 six site indices may be entered, thus allowing the user to
perform financial evalvations on a range of sites in a single
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) = 36.7m

Site index (SI) = 350m

Age at breast-height = 54 = {(SH,SD)
Years at breast-height = 8 = {(SI)
Secdling age = 2

Harvest age = 54+8-2 = 60

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

Managerial Perspective

The code for managerial perspective identifics the manager
(Crown or private) of the land, the owner (Crown or private),
and the primary market of the end products (standing timber,
logs, lumber) as illustrated in the lower part of Table 13-14.
Perspective 1 shows that the Crown sells standing timber from
Crown forests. In perspectives 2 and 3, the private sector
manages Crown land and may scll logs dircctly, or manufac-
ture and sell lumber and chips. Perspectives 4 and S 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.

Economic Data

Table 13-15 itemizes the costs (forest management, harvest-
ing, manufacturing and taxes) analyzed by FANSY (Figure
13-9) in addition to the price of logs, lumber and chips. The
user may customize this information for a particular site.

Forestry Costs

Forestry costs processed by FANSY 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
calculated 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. Irrelevant costs are
ignored. FANSY 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. Sylvametrics Consulting collected and
summarized the confidential data and concluded that these
levels of operating difficulty correspond to LCls 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 expenditures,
effectively increasing the net present value. As an alternative,
the manager might only consider those silviculture costs in
excess of the minimum required by the public or government.
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 $1.25 per hectare per year for Timber
Licenses, or bases the rent on the productive capacity of the
land in terms of its average annual volume growth (i.e., mean
annual increment). The default relationship in FANSY (Figure
13-10a) derives annual land rent ($ 0.25 per cubic meter per
hectare) from mean annual increment if site specific data are
not provided by the user. For example, a stand which grows
10 cubic meters per hectare per year would generate an annual
Jand 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 €conomic
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 MALI x rate x age

= volume/age x rate X age
= volume x rate

= 604.5m’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 o

the LCI or operating difficulty of the site on which the survey
and prescription is undertaken (Figure 13-10b). The example
in Table 13-15 shows a cost of $7.49 for LCI 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" LCI of 5 (8107 per hectare) through an
"average” LCI of 10 ($184 per hectare) to a "high" LCI of 25
($416 per hectare). This range of LCI applies to second-
growth stands which have been treated recently on the coast.

“Chemical treatment has a higher initial cost (3188 per hectare) .

but is less sensitive to increases in LCI (Figure 13-10c).
Clearing might include stump removal in stands infected with
root rotl. TASS assumes that the land is reasonably free of
slash when it establishes and grows the stand, and automati-
cally informs FANSY, 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 LCI 10, for
example, costs $433. Doubling the establishment density
increases the investment to $525. The incremental cost .
($0.18/tree) 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
trees are free growing after 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
removal (stem injection, foliar spray) and aerial spray.

Spacing and Precommercial 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, well-spaced and of good form. The growth per
hectare 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 will be
recorded in the product (Table 13-12a) and regime files.
Spacing costs are available for stands which are 4,9 and 15
meters tall. FANSY 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
about 300 percent. One or two lifts are permitted by FANSY.
SAWSIM places an upper limit of 6.5 meters (21.3 feet) on
the pruning height (i.c., a 20 foot log). Only one pruned log is
permitted, although it may incorporate two lifts. Pruning cost
functions are graphed in Figures 13-10e and 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 LCI of 10:

Istlift = $310 (Figure 13-10e)
2ndlift = $650 (Figure 13-100)
Total = $960

Costs 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 are incorpo-
rated into TASS. '

Annual Overhead and Protection  The administrative over-
head cost of managing a hectare of forest land is in the
neighborhood of $5 to $10 per year in addition to charges of
$1.25 for protection provided by the Forest Service. A cost of
$10 is assumed in the demonstration runs which accumulates
10 $600 over the payment period of 60 years illustrated in
Table 13-15.

Harvesting 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 development
(Figure 13-11a), operation, camp and crew overhead (Figure
13-11b), central administration overhead (Figure 13-11c),
tree-to-truck operations (Figure 13-11d), hauling (Figure
13-11c), and sorting and scaling (Figure 13-11f). Important
independent variables include LCI, volume harvested per
hectare, average log volume, and hauling distance. This
default information is based on functions fashioned after the
appraisal mcthods 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 13-11 may be
changed by the user but not the functional relationships.

Manufacturing Costs

. The manufacturing costs represent a hypothetical mill with a

quad-band headrig, a double arbor gang saw, a board edger
and the following throughput:

Production = 90 million board foot per year
Average log length 15 feet (4.6 meters)
Average log volume = 10 cubic feet (0.28 cubic meters)
Number of logs
2900
processed/shift

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
stands. Under these conditions, the total milling costs will
increase in dircct proportion to the number of logs harvested
per hectare. At the other extreme, milling costs can be
attributed to the number of picces 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
hypothetical mill used to demonstrate SYLVER are based on
information reported by other Task Force studies for green
and dry lumber. The demonstration runs assume that all costs
are attributed to log processing (i.e., a ratio of 1.00). Users
can manipulate these values to describe a particular mill.
Costs per log and per piece of lumber are generated automati-
cally on the basis of an eight hour day. Total manufacturing
costs arc derived from the number of logs and boards
processed, and the corresponding picce rates.

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

Taxes

Annual taxes on forest propcrty vary considerably in British
Columbia. They arc gencrally 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, Lumber 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 1o 1986 (Average Log Price Report,
Council of Forest Industries). Chip prices are from the same



Table 13-16. Lumber Premium Ratios

8 10 12 4 16 18 20
F 4 1.103 1116 1.116 1082 1304 1217 1.253
6 1.169 1.135 1271 1.139 1348 1287 1316

8 1.092 1.090 1252 1.139 1246 1251 1323 °
10 0.867 0871 1.069 1.099 1060 1.009 0984
Dry Length Premium

8 10 12 14 16 18 20
F 4 1.103 1116 1.116 1.082 1304 1217 1253
6 1169 1.135 1271 1139 1348 1287 1316
8 1092 1.090 1252 1139 1246 1251 1323
10 0.867 0.871 1.069 1.099 1060 1.009 0984

Green Length Premium

Green Grade Premium

22 24 C1 C2 SS 1 2 3 Econ.
1253 1.253 3310 3310 1170 1170 1.000 0.740 0410
1.399  1.464 3230 3.230 1.180 1340 1.000 0700 0.400

1472 1472 3.080 3.080 1.110 1280 1.000 0.600 0.380
1,105 1.097 2860 2860 1.020 1.180 1.000 0560 0360

Dry Grade Premium

2 24 C1 C2 SS 1 2 3 Econ.
1.253  1.253 3.140 3.140 1250 1.060 1.000 0.720 0320
1399  1.464 3310 3.310 1280 1340 1.000 0.6%0 0360
1472 1.472 3310 3.310 1280 1280 1.000 0.640 0360
1.105  1.097 2750 2750 1.060 1.180 1.000 0.540 0300

source. Both are in Canadian dollars. Lumber prices (SUS/M
fbm) are for random lengths, No. 2 and Better (average: 1981
- 1986) from information reported in Random Lengths for
surfaced green dimension lumber. Premiums for length and
grade are described in the next section.

Lumber Premiums

FANSY automatically applies price premiums for length and
grade (Figure 13-9), relative to basc prices for random lengths,
and No.2 and Beter grades, respectively.

Length

The lumber prices for random length lumber reported in
Random Lengths were compared with the prices of lumber
categorized by -length (8 to 24 fect). 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 expected, the ratio varics over
time but the relative position of the length premium for
different dimensions (2 x 4, 2 x 6, elc.) is rcasonably stable.
The average length premium ratios for the period 1981 to
1986, which includes a full economic cycle, are incorporated
into FANSY. The user can enter predicted prices (SUS/M
fbm) 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 uscr 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 Better 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 period,
which showed major changes in prices within a grade. The
grade premiums are incorporated into FANSY so that the user

only has to specify the prices for No. 2 and Better lumber if
the default values are acceptable. These ratios can be updated
by the user. The premium for clear boards, for example, could
be varied 1o evaluate the impact of pruning on financial return
for a range of potential lumber prices.

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 uses a
formula 1o allocate the burden to the licensees. The essential
components of this system are:

o Minimum Rate  Lowest rate for which the Crown will scll
a cubic meter of wood.

o Base Rate  Rale set by the Ministry of Forests so as to
generale the stumpage revenue desired. It is based on
recent harvest data from all cutting authorities for the
previous 12 months.

« Value Index  Dilference between appraised selling price
and appraised operating costs on a particular site (cutting
authority).

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

o [ndicated Rate (IR)
valuc index. That is,

Rate calculated from the base rate and

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

o Silvicultural Allowance ~ Compensates for differences in
treatment costs by district and_silvicultural type. Silvicul-
wral 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.
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Table 13-17a. Evaluation Report: Summary, Costs And Taxes

FANSY Evaluation: ACH1PCL__

Page 1/2 Rotation: 60 years
1 DISCOUNTED REVENUES @ 4% [3+4+ s)! 4908.19
DISCOUNTED COSTS @ 4% [1 +2} 4336.21
NET PRESENT VALUE (NPV) PER HA @ 4.0% 572.58
INTERNAL RATE OF RETURN 4.952%
RATIO OF NPV TO FORESTRY COSTS 0.63
OPERATING COSTS Discounted
Forestry
Survey/Prescription 7.49 7.34
Site Preparation 184.11 180.53
Planting 432.62 424.22
Land Rent (Annual) 151.12 59.14
Annual Overhead & Protection 600.00 234.79
Total 1375.34 906.02
Harvesting @ age 60, 604.5 m>/ha cu.
Infrastructure Development 2158.92 209.29
Operation, Camp & Crew O/H 1692.53 164.08
Central Admin. Overhead 621.93 60.29
Tree-to-Truck 10551.83 1022.93
Water Dump, Boom, Tow, Dewater 0.00 0.00
Hauling 1501.50 145.56
Sort & Scale 1473.79 142.87
Total 18000.50 1745.02
Manufacturing 11736.00 1137.72
Total 31111.84 3788.76 (1]
TAXES
Annual Property Tax 0.00 0.00
Stumpage 5647.10 547.45
Total 5647.10 547.45 (2}

1] Operating Costs
]  Taxes
Revenue from the sale of logs

] Revenue from the sale of lumber
5] Revenue from the sale of chips

o Harvesting and Manufacturing Costs ~ Costs  determined
from FAN$Y ’s own models described earlier,

The appraisal system is applied separately for the coast and
interior regions. The following hypothetical example from the
coast applies to a regime evaluated in the Chilliwack Forest
District.  Supporting information is given in Tables 13-5,
13-12a and 13-17a. The relevant rates became effective
October 1, 1987.

Minimum Rate = $ 0.25
Base Rate = $ 9.96

Mean Value Index (MV]) $ 1009

Revenue = Volume x  Appraisal Price
(logs) (Table 13-12a) (Table 13-5)
H-grade = 1125 x 6252 = § 7,033
I-grade = 65 x 5158 = 335
J-grade = 466.5 x 3551 = 16,565
X-grade = 15.0 x 2567 = 488
604.5 = $ 24421
Harvest Cost (FAN$Y:Table 13-17a) = $ 18,001
Silviculural Allowance per cubic metre (Chilliwack) = $ 1.78
Cost = Harvest Cost + (Silv. allowance x harvest vol.)
= $18,001 +($1.78 x 604.5 m>/ha) = § 19077
Value Index = (Revenue - Cost)/Volume .
= (324,421 - 19,077)/604.5 = 3 8.84
Indicated Rate = BaseRate + (ValueIndex - MVI)
= §9.96 + ($8.84 -1009) = § 8.71
Stumpage Rate = Maximum of Indicated & Minimum Rate .
= Maximum ($8.71, 0.25) = § 8.71
Stumpage Payable = Stumpage Rate x Log Volume
= $8.71 x 604.5 = $ 5265

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 present value by the same amount.

Evaluation Reports

A single run with FANSY 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 35), one economic file (ie.,
Vedder) with localized costs and prices, and the associated
variables in the lower box. The input screen displayed by
FANSY in Figure 13-12 will produce 7 reports.

The financial statement begins with a summary of the
discounted revenues and costs, and the corresponding net
present value followed by the internal rate of return and ratio
of net present value to forestry costs (Table 13-17a). A
detailed listing of the operating costs and taxes is appended.
The sales value of logs, or lumber and chips (Table 13-17b)
follows, showing both the undiscounted and discounted
values. Sales revenue is derived from the sale of logs, or
Jumber and chips depending on the market option selected
under the managerial perspective. The lumber market option
also produces a table of lumber volumes by width and grade
(Table 13-17b).
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CURRENT SELECTIONS

REGIMES

PSOE_40"
P50E_50"
PSOE_60"
P50E_70"
PSOE_80"
PSOE_90"
PSOE_99°

]
MGT. | RUN PARAMETERS — | SITE ECONOMIC
PER. INDX
FANSY VEDDER
PCL |~ DEF
R Financial
e Analysis
R System
v3.4 3/89
VARIABLES
LCI. v 10 Lumb G Exch. 1.25
Cost Trend.. 0.0 Cost Adjust.. 1.00
Price Trend. 0.0 Price Adjust. 1.00
Crown DR.... 4.0 Selling Zone. 1
Private DR.. 4.0 District..... 11
Distance.... 30 Silv. Type... 1

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

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

FANSY Evaluation: ACI1PCL__

Page 2/2

SALES VALUE-LOGS (not requested in this example)

SALES VALUE - LUMBER

_Fir 2x4"
Clears 0.00
SS &1 6407.00
2 2767.06
3 940.96
Econ. 347.94

- TOTAL

SALES VALUE - CHIPS
Fir

4548.34
TOTAL ‘

2x6" 2x8" 2x10" 2x4" 2x6"
0.00 0.00 0.00 0.00 0.00
584471  4405.64  13427.06 621.11 566.60
232236 1705.14 4211.00 268.25 225.14
731.63 487.31 1404.00 91.22 70.93
278.35 205.72 601.73 33.73 26.98
46087.65 DISCOUNTED

Fir
0.00 0.00 0.00 440.93 0.00
4548.34 DISCOUNTED

VOLUME - LUMBER

Fir 2x4"
Clears 0.00
SS &1 22361.00
2 10762.00
3 4967.00
Econ. 3315.00
TOTAL

2x6" 2x8" 2x10"
0.00 0.00 0.00
17944.00 13798.00  42109.00
8934.00 6309.00 14198.00
4036.00  3017.00 8446.00
2687.00 2011.00 5631.00

170525.00

DISCOUNTED SALES VALUE - LUMBER

2x8" 2x10"
0.00 0.00
427.10  1301.66
165.30 408.23
47.24 136.11
19.94 58.33
4467.86

DISCOUNTED SALES VALUE - CHIPS

0.00 0.00

440.93

(3]

[5]
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Table 13-18. Hypothetical Site: Plant 500 Trees and Harvest At Age 60

REGIME (e.g. file PSOE_60* selected by user)

Species Douglas-fir
Site Index 35m
Planting Density 500/ha
Harvest Age 60 yrs

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

RUN PARAMETERS (specified by user)
Land Class Index 10 .

Futare Trend/yr:
Costs 0.0 %
Prices 00 %
Discount Rate:

Crown 4%
Private 4 %
Hauling Distance 30 km
Lumber Green

Log Distribution (m>/ha)

H I J
1125 6.5 466.5 19.0
No. boards 10771 /ha
Lbr. Recov. Fac. 282 fbm/m®
Chip Recov. Fac.  90.97 BDU/ha
Lumber
distnbution Table 13-13

US Exchange Rate '1.25
Cost Adjustment  1.00
Price Adjustment  1.00

Selling Zone 1 (coast)
District 11 (Chilliwack)
Silviculture Type 1 (coast)

Land Manager Private
Land Owner Crown
Analysis(Market) Lumber

OPERATING COSTS (optionally specified by user)

Forestry

Survey/Prescription

Site Preparation

Planting

Land Rent

Annual Overhead & Protection

Harvesting

Manufacturing
Cost/Log
Number of Logs
Total Cost

Stumpage

Taxes

3 7.49/ha
184.11
432.62
0.25/m>/afyr of MAI
10.00/ha/yr
18000.50 (Table 13-17a)

$ 600 (Table 13-15)
1956.00 (Table 13-12a)
$ 11736.00
$ 5647.10 (Crown land: see text)
3 10.00/ha/yr (private land)

SELLING PRICES & PREMIUMS (optionally specified by user)
Lumber Prices: random lengths, #2 and better grade

7
&
g"
10"
Premiums for length & grade

Chip prices

$ 168.30/fbm

162.20

168.20

220.80

---- (see Table 13-16)
$  50.00/BDU

The net present value (NPV) is the single most relevant
statistic generated by FANSY (Table 13-17a). A value of zero
means that the target investment rate (discount rate) has been
achieved. Values above zero represent returns on investments
which exceed the target. However, the magnitude of the NPV
and the apparent merit of a treatment from an investment
perspective are very sensitive to the underlying assumptions.
That is, two reasonable sets of assumptions could produce
divergent NPVs.

The listing of discounted operating costs, taxes and sales
revenue in each evaluation report (Table 13-17) helps the user
assess the impact of itemized expenditures and revenues on
NPV. For example, the contribution of each lumber category
is displayed to show the effect of dimension and grade.

Demonstration: Establishing

Silvicultural Priorities

The following simulated experiments illustrate methods of
analyzing and interpreting data generated by SYLVER. The
results are displayed solely to demonstrate the potential and
limitations of the model. They must not affect management
decisions or field procedures until the entire system is
validated and customized to a particular site.

Planting Density

Consider a recently logged area of Crown land scheduled for
site preparation and planting of coastal Douglas-fir. The
forest manager may want to decrease the number of trees
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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 1035 1091
750 336 519 695 851 963 1028 1057
600 305 477 651 815 932 986 1084
500 279 439 605 760 888 990 1070
400 241 390 539 681 813 920 1025
300 203 331 462 587 698 801 898
(b) Lumber Volume (Mbf/ha): SAWSIM: Figure 13-14
1110 91 143 198 241 278 306 324
750 83 134 188 238 277 306 325
600 77 125 178 231 272 302 326
500 71 119 171 218 262 299 327
400 63 106 154 200 241 277 312
300 52 91 133 171 207 239 268
(¢) Lumber Recovery Factor (fbrm/m3): SAWSIM
1110 240 255 265 274 284 294 299
750 248 259 270 280 287 298 304
600 254 263 274 283 291 300 304
500 253 271 282 287 295 302 306
400 261 272 285 294 297 301 304
300 254 274 287 292 296 299 299
(d) Log Value (3/ha): FANSY: Figure 13-15
1110 12303 18446 23904 32419 38000 41810 44188
750 10605 16798 23714 31505 37001 41067 43001
600 9561 15729 23195 31112 36813 40811 44393
500 8629 15096 21860 28955 35209 40420 44842
400 7425 13056 19644 26414 33357 38719 42871
300 6257 11386 18005 24271 29525 34538 39411
() Lumber Value ($/ha): FANSY: Figure 13-15
(No degrade for juvenile wood)
1110 24232 38397 53574 65261 75440 83312 89907
750 22062 36211 50785 64663 75314 83307 89917
600 20591 33630 48155 62430 73759 82013 89931
500 18770 32077 46088 59196 71050 81345 89204
400 16812 28482 41582 54000 65430 75083 84642
300 13716 24340 34790 46405 - 56046 65005 73223
(Maximum degrade for juvenile wood)
1110 16721 27844 40876 51598 61157 67945 73852
750 14970 25171 36991 49194 58898 66708 72309
600 13634 22876 34089 45886 56245 64307 71271
500 12116 20805 31761 42506 52520 61813 68815
400 10562 18006 27593 37273 46456 55013 62701
300 8476 15066 22931 30836 38254 45236 51863
(f) Chip Value ($/ha): FANSY: Figure 13-15
1110 3542 4896 6181 6911 7316 7275 7441
750 3034 4427 5584 6482 7028 7037 6971
600 2680 3984 5126 6091 6641 6642 7119
500 2453 3519 4548 5548 6198 6581 6955
400 2030 3101 3990 4780 5589 6169 6737
300 1772 2612 3383 4163 4833 5458 6094

Harvest Volume {m3/ha)

Planting Density
1000F 1100/ha
750/ha —-—-
) A /o
600/ha (omitted) / /
| 500/ha — — / /
800 400/ha — — - ; /// /'
300/ha —--—-- ' !
700} 207/he a4
7/
600} /
500+
400+
300¢
200+
100t
4 simulated results for demonstration purposes

O 1
0 10 20 30 40 50 60 70 80 90 100 110 120
Plantation Age (years)

Fig. 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 1110 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 FANSY prior to the
analysis of stands planted with 500 trees and harvested at the
seven proposed ages. Input information processed by FANSY
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 the 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.
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Table 13-19g-I. Data For Evaluating Planting Density and Harvest Age
(continued)

levest. Age (years)

Planting
Density 0 50 60 70 30 90 100

(8) Net Present Value (NPV] ($/ha @ 4%): FANSY
lumber (No-degrade for juv. wood) & chips
-8

1110 -1835  -595 -169 -188 <330 466
750 -848 <40 29 0 197 5 -185 374
600  -341 184 310 189 37. -130 -308
500 -l16 493 573 315 108 -80  -287
400 177 574 571 388 107 -88  .269
300 41 386 322 155 -5 -175  -338

(h) NPV/Foresury Cost Ratio (@ 4%): FANSY

1110  -1.8% 059 -0.16 - 0.08 -0.18 032 045
750 093 -0.42 0.24 020 0.0t 0.19 0338
600 039 020 0.33 020 0.04 0.14 032
500 014 056 0.63 034 012 0.0 031
400 022 068 0.66 044 012 .10 <030
300 005 048 0.39 0.18 -0.01 020 -0.39

(i) Internal Rate of Retum (%): FANSY
Jumber (No degrade for juv. wood) & chips -

1110 — 1.9 3.6 39 37 36 33
750 48 39 4.4 43 40 38 35
600 25 44 46 43 41 38 36

500 3.6 5.0 5.0 4.5 42 3.9 3.6
400 46 52 5.0 4.6 42 3.9 3.6
300 3.8 4.9 4.6 43 40 37 34

Table 13-20. Distribution of Log Volumes by Grade.

Planiing Harvest Log Grade Total
Density Age Volume
(no/ha)  (years) H 1 I X (m*fhs)
Volume (mjfha : %)

300 40 Iy 2( 1) 176(86) 24(12) 203

60 138 (30) 16(4) 291(63) 17( 3 462

80 253(36) 100(14) 333(48) 12(2) 698

100 33237 21834y 33337 14(2 897

500 40 — — 253 (91) 26( 9 279

60 113 (19) 6(1) 46707 19(3) 605

80 28031 34(4) 557063) 17(2) 888

100 417 39) 80( 8) 558(52) 15( D 1070

750 40 — — 31905 17( 5 336

60 66 (10) — 615(88) 14( 2) 695

80 271 28) 1001 66769 15(2) 963

100 386 (36) - 27(3) 631 (6(_)_) 13¢ 1) 1057

1110 40 15( 4) - 346 (52) 17( 4) 378

60 89 (12) -— 643 (86) 15( 2) 747

g0 291 G0 — 87T7(6%) 12( 1) 980

100 406 (37) — 674 (62) 10( 1) 1091

Lumber Volume (Mbf/ha)

400
Planting Density
1100/ha
750/ha ———-ame
300 600/ha (omitted)
500/ha ——
400/ha — — /./
300/ha —-ue /7 e
o’ / “/
"/
200+
100+ %
/4
7/
f
simulated resulls for dermonstratica purposes

O 1 k3 i’ L e o A b A 1 J.
0 10 20 30 40 50 60 70 80 90 100 {10 120
Plantation Age (years)

Fig. 13-14 Lumber Volume iversus plantation age by selected
planting densities

Log Volume

The predicted volume of logs harvested per hectare is identical
to the standing volume shown in Table 13-19a since decay,
waste and breakage are assumed to be negligible 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 logs are most
prevalent at a particular age because the minimum permissible
diameter is only 10 centimeters as opposed to 30 and 38
centimeters for H- and I- grade logs, respectively (Table 13-5).
The proportion of J-logs decreases as.tree size responds 10

_ increasing age and wide inidal spacing, That is, trees of

relatively large dimensions  produce a greater proportion of

. . 5-m logs which qualify for the higher grades. Notice that the

proportion of H- and I-grade logs increases as stands age. The
decline in I-grade logs towards higher densities may refiect a
decrease in knot size which permits the logs to qualify for the
H-grade. Short logs of low value accumulate in the X grade.
Their distribution bears little relationship to age or density
because they originate from the uppermost part of the stem.
The proportion of volume by grade shown in Table 13-20
conforms reasonably weil with the results of Chapter 7
congidering that the later study combined logs from stands
covering a range of ages and densities.
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Value ($1000/ha)

100
901 Planting Density LUMBER
1100/ha , (no degrade)
750/ha —-—--
8oF 600/ha (omitted)
500/ha ——-
400/ha — — -
70L 300/ha (omitted) LUMBER
| simulated results for demonstration purposes (degraded)
60
50+
LOGS
40+
30+
20‘—
10 CHIPS
/”:_—:___:;—’ (residual)
0 i ! { l/ | i 1 i { 1 1 1 1 | 3 | 1 [ .

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

Fig. 13-15 Product value versus plantation age by selected
planting densities
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Lumber Volume and Recovery

The effect of espacement on lumber volume (Table 13-19b;
Figure 13-14) imitates that of standing volume. Lumber
recovery factors (Table 13-19c) calculated from Tables 13-19a
and 13-19b improve as trees increase in age and size. Notice
that trees from open-grown stands have relatively high lumber
recovery at 40 years because of their size, but the advantage
slowly declines as the stands age. Chapter 7 reported
comparable recovery factors of 265 to 283 board feet per
cubic meter for stands which varied in age from 42 to 62 years
(Chapter 1) assuming four years were required to reach breast
height after planting. The combined sources of information,
including observed stocking densities, imply that estab-
lishment density likely ranged from 400 to 1110 trees per
hectare.

Product Value

The value of end-products (Tables 13-19d to 13-19f) realized
from each planting density and potential harvest age is
illustrated in Figure 13-15 for lumber (with and without
degrade for juvenile wood), logs and residual chips. Degrad-
ing lumber for juvenile wood content lowers its value by 20 to
30 percent. These estimates may be overly pessimistic
because they assume that all boards in the affected visual
grades (Table 13-7) are shifted to less demanding classes. The
introduction of machine stress rating systems, in place of
visual grading procedures, would reduce the number of boards
degraded and the overall impact of the variable strength
properties of juvenile wood. Logs provide less revenue
because they are relatively unmanufactured, and of much less
value per cubic meter than lumber.

Net Present Value

NPV in Table 13-19g is the difference between the sales
revenues and costs including stumpage (Table 13-17a) after
discounting all values to the time of planting. The impact of
planting density, harvest age and juvenile wood content is
displayed graphically in Figure 13-16. Stands established
with 400 to 500 trees and harvested 50 to 60 years later
provide higher returns than alternative regimes when the
conventional visual grading procedures are applied. Recogni-
tion of juvenile wood properties reduces NPV substantially,
expands the range of optimum planting densities (500-750
trees per hectare) and delays  harvesting until age 90.
However, the negative impact of juvenile wood displayed in
Figure 13-16 will likely be countered in part by current and
future technology. Table 13-19g and Figure 13-16 analyze
silvicultural practices from the perspective of a private
company managing Crown land as opposed to private forests.
The latter situation is represented by the lowermost curve in
Figure 13-17 for a plantation of 500 trees. NPV are consider-
ably higher ($275 at 55 years) because the tax on private
property is much less than stumpage paid for timber harvested
on Crown land. However, the optimum planting density and
harvest age, in terms of NPV, does not change appreciably.

The returns from pruning shown in Figure 13-17 are discussed
later.

The interpretation of NPV is straightforward. Any investment
opportunity that yields a NPV of zero or more dollars will
generate income at the discount rate (e.g., 4%) or above.
Consequently, the manager would likely pursue all oppor-
tunities with a positive NPV if funds are unlimited. Where
projects are mutually exclusive, the manager would choose the
project with the highest NPV. The incofporation of budget
constraints is discussed in the next section.

Ratio of Net Present Value to Forestry Costs ‘
This ratio of NPV to forestry costs measures the return relative
10 expenditures on forest management. The example in Table
13-17a has a ratio of 0.63 ($572.58/$906.02) which means
that each discounted dollar spent on forestry returns $0.63
(discounted) more than would be realized by investing it at 4
percent. The manager would favor investments with the
highest ratio of NPV to forestry costs when faced with budget
constraints (Table 13-19h). Budget constraints occur when
there are insufficient funds to invest in all projects with an
NPV equal to or greater than zero. From this perspective,
plantations with 400 trees will outperform all other densities if
harvested between age 50 and 60. NPV/cost ratios can also
evaluate the contribution of optional treatments. The in-
cremental benefits of pruning are analyzed later.

Internal Rate of Return

The internal rate of return (IRR) is the discount rate that
equates costs to revenues as illustrated in Table 13-17a which
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
the target rate of 4 percent. Using a discount rate of 4.952
percent in the analysis in place of 4 percent would yield an
NPV of zero. Notice that each regime with a positive NPV in
Table 13-19g also has an internal rate of return greater than 4
percent (Table 13-19i). The relative merits of treatments
based on IRR may not be consistent with results using other
investment criteria because of differences in the implied
underlying assumptions, particularly if the time periods are

" not comparable. For example, stands planted with 500 trees

and harvested at age 50 or 60 years generate the same IRR of
5 percent in Table 13-19i. The corresponding ratios of NPV
to forestry costs (0.56 versus 0.63) in Table 13-1%h are
considerably different because each method of analysis
imposes different assumptions for the 10 year period follow-
ing cutting at age 50. IRR can be used when funds are limited
although economists generally prefer the ratio of NPV to
forestry costs. Mishan (1975) gives a comprehensive

discussion of these investment criteria.

Mean Annual Increment

Harvest volumes can be sustained at the highest level over a
series of rotations by selecting the planting density and age
that achieve the maximum mean annual increment (MAI). For
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Fig. 13-16 Net present value (NPV: 5/ha) and internal reze of
g reumm (IRR: ¢ ) versus plantation age byphnung

density on Crown land
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Net Present Value

1600
PRIVATE LAND
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1200+
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400+ AN
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simulated re.sults for demonstration purposes
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40 50 60 70 80 80 100

Plantation Age (years)

Fig.13-17  Net present value ($/ha) of pruned 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-
responding age gives a maximum value of 12.6 cubic meters
per year at age 70 when 1110 trees are planted. The same
analysis gives different results when applied to other measures
of productivity as shown below:

MALI Indicator Density  Harvest Age
Volume
standing/logs 1110 70
lumber 1110 75
Value (revenue)
lumber 1110 . 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

Table 13-21. Incremental Analysis of Pruning on Private Land

Harvest Age (years)
Investment

Criteria 40 50 60 70 80 90 100

Plant 500 Trees/Ha and Prune @ Age 23

NPV(3) -678 332 1049 1277 953 402 -80
Cost ($) 1410 . 1441 1464 1478 1487 1490 1492
NPV/Cost -0.48 0.23 072 086 064 027 005

Plant 500 Trees/Ha and Omit Pruning

NPV(3$)! -306 623 885 699 459 202 -128
Cost($) 853 884 906 921 930 933 935
NPV/Cost -0.36 0.70 098 076 049 022 -0.14

Differential Contribution of Pruning

NPV($)! -372 -291 164 578 494 200 48
Cost($) 557 557 557 557 557 557 557
NPV/Cost -0.67 -0.52 0.29 104 089 036 009

NPV($)! 392 (1277, - 885)
Cost($) 572 (1478 - 906)
NPV/Cost 0.68

(392 / 572)

1. Based on split-cant sawing.

improvements in lumber recovery as trees and logs achieve
larger dimensions. The MAI of lumber value gives identical
results. Log value tends to extend the cutting age. This may
reflect the relationship between log diameter and price. The
attractiveness of high establishment density and long rotations
vanishes when planting and carrying costs are incorporated
into the analysis through NPV 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
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stands pruned to a height of 6.5 meters. This amounts t0
$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 the
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.

Treatments other than pruning (such as juvenile spacing and
fertilization) will also have an impact on the financial analysis
to a greater or lesser degree. They will be evaluated in future
trials with SYLVER.

Incremental Analysis

The manager investigaling treatment opportunities may want
to compare the incremental benefits of treatments that enhance
the quantity or quality of wood produced by a base regime.
For example, what is the return on each dollar spent pruning a
young stand planted with 500 trees? This treatment is
particularly interesting because the analysis of incremental
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.., 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

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 FANSY 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
changes in magnitude. Site index, for example, can be tested
by changing its current value of 35 meters incrementally to
evaluate the impact of site quality on the culmination of NPV
and associated rotation age. The value of all other independ-
ent variables should be standardized at values such as those
given in Table 13-18. Each sensitivity trial in the following
analysis is viewed separately from the perspective of a
company logging Crown land and private land. Some
scenarios might give unrealistic results because arbitrary
conditions may be created by restraining variables that are
closely linked (such as property tax and site quality). The
stand with 500 trees per hectare serves as the base case in the
following analysis.

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, carrently held
constant at $10 per hectare per year, were tied (o 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 LCI 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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Fig. 13-18  Sensitivity of NPV and harvest age to: (d) discount rate,

(a) site productivity, (¢) hauling distance, and
(b) land class index, (f) exchange rate for both private and
(c) cost and price trends, Crown land operations
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Table 13-22. Effect of Costs on Net Present Value at Age 60.

CROWN LAND : Net Present Value of S00 Planted Trees ($/ha)
0 200 400 573! 600 800 1000
Cost on Crown Land Increment
Planting 1017 813 609 (433) 405 201 -3 $204/ha
Ovexhead 34.40 25.90 17.40 (10 OO) 8.90 0.30 -8.30 8.50/ha
Haulmg 2130 17.90 14.50 (2.50) - -- - 3.40/m>
Stumpage . 2040 17.00 1360 (1059) 10.20 6.80 3.30% 3.40/m’
PRIVATE LAND Net Present Value of 500 Planted Trees ($/ha)
0 200 400 600 800 (885) 1000
Cost on Private Land Increment
Planting 1335 1131 927 723 519 (433) 315 $204/ha
Overhead" 47.70 39.20 30.70 22.20 13.60 . (10.00) 5.10 8.50/ha
Hauhnsg 17.60 14.20 10.80 7.40 3.90 (2.50) 0.50 3.40/m*
Taxes 47.70 39.20 30.70 22.20 13.60  (10.00) 5.10 8.50/ha

1. Actual values from the planling density experiment.
2. Annual overhead and protection.
3. Hauling costs are offset by reductions in s!umpage un

til the minimum rate ($0.25/m’) is 1mposcd

coincidentally with a hauling cost of $11. 50/m°. That is, any hauling cost under $11. 50/m> will

generate a net present value of $573/m>.

4. Minimum stumpage sets a lower limit of $1. 50/m> on
limit of $1105/ha on NPV in this example.

5. Annual cost.

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 from -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.

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 S percent. This is no surprise since carrying costs
rise exponentially.

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.
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the base rate, and a corresponding upper

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

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.

Exchange Rate

Figure 13-18f 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
Jater 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
discounted 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 (currently $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 $11.50 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 (Table 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 management 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 FANSY 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 (o test FANSY
rigorously, and assess its performance in relation to their
practical experience in sectors simulated by SYLVER. Users
are also requested 10 recommend future directions for system
development. Current plans call 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.

References

Barrett, J.D. and R.M. Kellogg. 1986. Lumber quality from
second-growth managed forests. In: A Technical Work-
shop: Juvenile wood - What does it mean to forest manage-
ment and forest products? Proceedings 47309. Forest
Products Research Society, Madison, W1. p.51-71.

Bruce, D. 1981. Consistent height-growth and growth-rate
estimates for remeasured plots. Forest Sci. 27:711-725.

Goudie, J.W. 1980. Yield tables for managed stands of
lodgepole pine in northern Idaho and southeastern British
Columbia. M. Sc. thesis, Univ. of Idaho, Moscow, ID.
111p.

Hay-Roe,R. 1988. Papertree Letter. March 1. Vancouver,
BC.

Middleton, G.R. and B.D. Munro. 1985. Product outturn
values for British Columbia coastal log grades: an informa-
tion report. Canadian Forestry Service Contract Report No.
40-012-424. Forintek Canada Corp., Vancouver, BC. 22p.

Mitchell, K.J. 1969, Simulation of the Growth of Even-aged
Stands of White Spruce. Bulletin No. 75. Yale University,
School of Forestry. New Haven, CT. 48p.

Mitchell, K.J.  1975. Dynamics and simulated yield of
Douglas-fir. Forest Sci. Mono. 17. 39p.

Mitchell, K.J. and LR, Cameron. 1985. Managed stand yield
tables for coastal Douglas-fir: initial density and
precommercial thinning. Ministry of Forests, Research
Branch, Land Management Report No. 31. Victoria, BC.
69p.

Mitchell, K.J. and K.R. Polsson. 1988. Site index curves and
tables for British Columbia: coastal species. Ministry of
Forests, Research Branch, Forest Resource Development
Agreement, Report 037. Victoria, BC. 29p.

- 166 -



Mishan, E.J. 1975. Cost-Benefit Analysis. George Allen and
Unwin, London. 454p.

Random Lengths Publications. 1976-1986. Random Lengths:
Lumber price guide: Prices to wholesalers.  Framing
Lumber. Eugene, OR.

Western Wood Products Association. 1976-1986. Monthly
F.O.B. price summary past sales - key items basis: Coast
Mills. Report 12. Portland, OR.

Acknowledgements

Work on this project undertaken by the Research Branch was
funded through the Ministry of Forests by the direct delivery
component of the Canada/British Columbia Forest Resource
Development Agreement - a five year (1985-90) $300 million
program cost-shared equally by the federal and provincial
governments.

The authors gratefully acknowledge the support of J. Goudie,
W. Howard, D. Coffey, D. Geils and other Ministry staff; G.
Brunette of Forinek Canada Corp.; D. Ormerod and S.
Wilson of Sylvametrics Consulting, H. Leach of Halco
Software Systems Ltd., R. Macdonald of RamSoft Systems
Ltd., and the industrial and Forest Service personnel who
tested the system.

- 167 -

R s




