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A b s t r a c t  

This study used the forest vegetation Simulator (FVS), empirical wood product recovery information, and expert judgments to 
examine volume production and potential revenues for different silvicultural prescriptions grown to rotation ages of 70, 110, and 
150 years. Our intention was to provide policymakers and managers with some of the information needed to evaluate the merits 
of extensive (custodial) and intensive (various levels of thinning) management options for young-growth forests in southeast 
Alaska. At rotation ages of about 70 years, a prescription that included a precommercial thinning (PCT) to 3.7 m × 3.7 m spacing 
at 20 years (PCT 12) produced more merchantable volume than three other prescriptions: 5.5 m × 5.5 m precommercial thinning 
at 20 years (PCT 18), commercial thinning to 6.1 m × 6.1 m at 60 years (CT), and a passive management prescription (PAS) with 
no stand tending. A combination of PCT and CT was also examined for the 110-year rotation. The PCT 18 prescription usually 
produced lower merchantable volume than the other prescriptions and was never better than next to the last in merchantable 
volume production, in the longer rotations, the PAS prescription caught up with the PCT 12 prescription on both a high- 
productivity site (Sitka spruce [Picea sitchensis] height of 27.4 m in 50 years [high site class, 90 ft]) and a low-productivity site 
(Sitka spruce height of 18.3 m in 50 years [low site class, 60 ft]). Wood grown under the PAS, CT, and PC T + CT prescriptions is 
expected to have a broader product potential than the PCT prescriptions. This should allow manufacture of higher value products 
from the non-PCT prescriptions. As a result, revenue per m 3 from both the CT and the PAS prescriptions surpassed the PCT 12 
prescription at 110 and 150-years, but no economic analysis was conducted to examine returns on investments for the different 
prescriptions. 
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I. Introduction 

Management of federally administered forests in 
southeast Alaska changed dramatically over the past 
decade and will probably continue to change in com- 
ing years. One consequence is a major adjustment in 
the size and structure of the wood processing indus- 
try. The structure of the southeast Alaska industry will 
undoubtedly continue to evolve as the raw material 
shifts from old- to young-growth timber. Decisions 
made over the next several decades about how the ex- 
isting young-growth stands are tended and the way new 
stands are established and managed will affect the na- 
ture and profitability of future timber harvest opera- 
tions in the region. A fundamental question is whether 
policies guiding the management of young forests in 
southeast Alaska will follow the model used in more 
temperate coniferous forests where intensive manage- 
ment activities (early respacing, herbicides, thinning, 
fertilization, pruning, etc.) are designed to encourage 
rapid growth of individual trees. Or will policies fa- 
vor a more extensive, or custodial, management system 
where diameter growth on ind. ividual trees is sacrificed 
in favor of lower management costs? A potential side 
benefit of the extensive strategy could be wood char- 
acteristics that some purchasers might perceive as be- 
ing of higher quality, such as slower growth, fewer or 
no knots, colored heartwood, or (under long rotations) 
trees large enough to saw edge-grained lumber. 

A financial argument for extensive management in 
regions such as southeast Alaska, where operating costs 
are high but opportunity values for the land are low, 
is that by reducing investments in stand establishment 
and early tending, capital that would otherwise go into 
these activities is freed for other investments (Sedjo, 
1982). In southeast Alaska, natural regeneration is a 
viable option, and natural mortality generally keeps 
stand growth from stagnating. Accordingly, it seems 
reasonable to explore options that do not require in- 
vestments in young-stand management. Another con- 
sideration is that owing to the high costs of forestry 
operations, transportation, and labor, wood products 
manufactured in Alaska are likely to cost more than 
those from other timber-producing regions. This puts 
Alaska manufacturers at a disadvantage because the 
lowest cost producers are generally favored in com- 
modity wood markets. As a result, Alaska producers 
might benefit if they could differentiate their products, 

based on superior performance or unique quality, from 
those available from other timber-producing regions. 
Existing information suggests that it is possible to grow 
Sitka spruce (Picea sitchensis) and western hemlock 
(Tsuga heterophylla) on 90- to 100-year rotations by 
using extensive management or low-intensity manage- 
ment options to produce a resource with characteristics 
that make it suitable for both high-value appearance 
products and structural products with high strength and 
stiffness (Christensen et al., 2002). 

The major economic argument against extensive 
management strategies is the higher cost of longer in- 
vestment periods and slower turnover of cash. This is 
a compelling argument and requires a different type 
of analysis than we present here. Our intention is to 
provide the technical information on log and lumber 
volumes and lumber grade yields likely to be recov- 
ered by using different silvicultural prescriptions. This 
type of information is needed for the economic analy- 
ses that individual landowners or public land managers 
might want to conduct as they set timber production 
policies. 

We do not consider other resource values that are 
affected by management policies. For example, sub- 
sistence hunting is an important part of Alaska culture, 
and density management in young stands could pro- 
mote understory conditions that enhance Sitka black- 
tailed deer habitat (Odocoileus hemionus sitkensis). 
The more diverse and abundant understories associ- 
ated with opening up young stands might enhance op- 
portunities for gathering medicinal, food, and non-food 
plants that are important to many southeast Alaskans. 
Tourism is also a major part of the Alaska economy, 
and this might cause aesthetic considerations to out- 
weigh timber management objectives in visually sen- 
sitive areas. These and other issues will likely cause 
policymakers to avoid one-size-fits-all management di- 
rections, and this will certainly provide resource man- 
agers with ample opportunities to make site-specific 
management decisions. The analysis described in this 
paper will provide both groups with more information 
about the implications of their directions and decisions 
on the wood product potential of the future resource. 

Regardless of the management goal, decisions about 
whether to grow trees quickly or slowly are best made 
early in rotations, and ideally they are based on results 
from replicated silvicultural experiments. Even without 
experimental work on stand development, it is possi- 
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ble to draw inferences about the growth and charac- 
teristics of  trees from stands managed under different 
silvicultural prescriptions. This is important because 
in southeast Alaska there are few controlled and repli- 
cated young-growth field trials of treatments other than 
for precommercial thinning (DeMars, 2000); therefore, 
the influence of  other intermediate treatments on wood 
properties might remain uncertain for decades. By then, 
most of the decisions that will shape the region's for- 
est products industry far into the future will already 
have been made. Drawing on the considerable amount 
of  existing knowledge about how the development of  
conifers is influenced by stand structural conditions, 
how management influences the development of  indi- 
vidual trees, and how the development of  individual 
trees determines their end-product potential will be es- 
sential in helping policymakers and managers under- 
stand the implications of  their decisions (Wykoff et al., 
1982; Maguire et al., 199 !; Pont et al., 1999; DeMars, 
2000; Stevens and Barbour, 2000; Christensen et al., 
2002; McDonald and Hubert, 2002; Zhang et al., 2002). 

The analysis presented here uses this existing infor- 
mation to simulate growth, yield, and wood product 
potential of  Sitka spruce, western hemlock, and to 
some extent western redcedar (Thuja plicata). We 
evaluate prescriptions that include passive (extensive) 
management or various levels of  precommercial and 
commercial thinning at three rotation ages. By using 
these simulations, we hope to display the range of  
outcomes for volume and wood characteristics that are 
possible for young-growth forests in southeast Alaska 

while providing sufficient information for economic 
analysis of the various prescriptions. 

1.1. An overview o f  the situation 

Toda~y there are approximately 267,000 ha of young 
stands (Table I) on all lands in southeast Aiaska. Com- 
mercial timber harvesting in the region began during 
the Russian colonial period, but most harvest has oc- 
curred since the end of  the 19th century. The rate of 
federal timber harvest accelerated in 1954 with the 
establishment of  two long-term timber-sale contracts, 
and over the past half century more than 170,000ha 
have been harvested on federally administered land 
(Table 1). As total federal harvest declined from a peak 
in the 1970s, the harvest on state and private land began 
to increase. The bulk of  private harvests in southeast 
Alaska come from lands owned by Alaska Native cor- 
porations, which began commercial timber harvests in 
the 1980S. Estimating actual harvested hectares for the 
Native corporations is not necessarily a straightforward 
process. Native regional and village corporations were 
authorized to select about 222,500 ha of  federally man- 
aged lands in southeast Alaska under the Alaska Native 
Claims Settlement Act of 1971. Currently, an estimated 
220,10 9 ha have been selected (USDA FS, 1997). Na- 
tive corporations generally selected high-productivity 
forest land (high site), but not all of  the land they se- 
lected was forested and not all forested land has been 
harvested. This, and the fact that only exported timber 
volumes are reported by Native corporations, makes it 

Table I 
Hectares harvested in southeast Alaska over the past 50 years, t~isplayed by decade and land designation 

Ownership <1950 1950-1959 1960-1969 1970-1979 1980-1989 1990-1999 2000-2001 Total 

Hectares 
Federal 4515 10,953 42,716 46,445 35,024 32,359 3217 175,229 
State 0 0 0 5290 3634 1654 1831 12,409 
Private 57 0 223 NA a 28,645 46.096 4539 79,560 

Total 4572 10,953 42,939 51,735 67,303 80,109 9587 267,198 
Annual average NA 1095 4294 5173 6730 8011 4793 

Note: Hectares harvested for state and private land were estimated based on reported volume harvested from the annual Timber Supply and 
Demand Report for Southeast Alaska (ANILCA 706(a)), converted to hectares. For private ownership, the same average decadal volume per ha 
was used as for federal harvest through the 1990s (90 m3/ha in the 1980s and 72 m3/ha in the 1990s). For2000-2001, state and private harvest 
volume was converted to hectares by using the average volume per ha of federal timberlands (58 m3/ha) because national forest harvest has 
been restricted and no longer represents average conditions. (William Wilson, Regional Staff, USFS Alaska Region, Juneau Alaska, Personal 
Communication.) 

a NA: not available. 
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particularly difficult to say exactly how many hectares 
of private land were harvested over the past 25 years. 
We estimated private hectares harvested as described in 
the note accompanying Table 1. According to these es- 
timates, about 80,000 ha of private land were harvested 
between 1980 and 2001, and this means that a high pro- 
portion of the commercial timberlands conveyed to the 
Native corporations have already been harvested. Ac- 
cordingly, harvest on private land is expected to decline 
to a minimal level and remain low until the stands that 
were harvested over the past several decades grow to 
merchantable size. 

Some combination of the existing young-growth 
stands plus the stands that develop on lands harvested in 
the future will eventually become the base of the com- 
mercial timberland in southeast Alaska. This creates 
something of a scheduling problem because the bulk 
of the harvest occurred over four decades, and even the 
most optimistic estimates suggest that rotations of at 
least 60 years are necessary to grow commercial timber 
in southeast Alaska. In addition, not all young stands 
are available for future timber management. It seems 
likely that most of the roughly 92,000 ha of young- 
growth on state and private land will physically support 
some type of timber harvest (Table 1); although trees on 
this land will mature over 60 or more years, they have 
been harvested over'only a 25-30-year period. Unless 
something is done to even out the flow of timber from 
this land, a "boom and bust" cycle could develop. In 
that situation, export of raw logs might provide the most 
logical way to market the timber harvested from private 
lands because of the difficulty of obtaining raw mate- 
rials to keep processing plants operating during times 
when production from private landis low. Exports of 
raw logs will, of course, make this material unavailable 
for processing in southeast Alaska. 

There also is considerable uncertainty about 
the future rate of annual timber production from 
the approximately 175,000 ha of young-growth on 
federally administered land (Table I). About 4500 ha 
were harvested between the late 1800s and the start of 
commercial harvesting in 1954, and the remainder was 
harvested between 1954 and 2002. Even though there 
were substantial federal timber harvests in each decade 
from the 1950s though the 1990s, not all of the resulting 
young stands will contribute to future timber harvest. 
Of the 273,500 ha of suitable timberland identified in 
the 1997 Tongass Plan Revision (USDA FS, 1997), 

only 72,800ha is young-growth (USDA FS, 199'7, 
Tables 3-77, Alternative 1 I, pp. 3-265). When the plan 
was updated to account for hectares harvested from 
fiscal year (FY) 1997 .through FY 2002, approximately 
80,900 ha of the 171, 100 total hectares harvested were 
scheduled for reentry. The remaining 90,200ha of 
second growth are allocated to non-development land 
use designations or are not used in calculating the 
allowable sale quantity for the Tongass National Forest 
(primarily the 304.8 m beach fringe and 30.5 m riparian 
buffers). This means that the harvest from federally ad- 
ministered land during a particular decade in the past is 
probably not a very good indicator of whether that land 
will be available for harvest in some future decade. It 
also means that only about 161,900ha of commercial 
timberland are currently available in southeast Alaska 
with about half in federal and about half in private 
ownership. Under the current plan (USDA FS, 1997), 
future harvests from federal land will ensure that the 
land base available for young-growth management 
increases in each decade until harvest of young-growth 
timber replaces old-growth harvests about 50-60 
years from now. This suggests a more uniform flow 
of young-growth timber from federal land than from 
private land, but actual harvests have been only 
20% of the allowable sale quantity. Consequently, 
it seems imprudent to assume that future harvests 
will actually occur at the planned rate. This makes it 
nearly impossible to estimate how much commercial 
timberland actually will be added in the future. 

The challenges associated with uneven flow from 
private land and restrictions placed on harvests from 
young stands under federal management suggest that 
considerable thought is needed about the nature and 
size of an industry that will depend on young-growth 
timber from these sources. As a result, we do not es- 
timate annual timber volumes for the entire ~,oung- 
growth resource. Instead we evaluate the productivity 
of individual stands and the characteristics of timber 
harvested from them. This provides background infor- 
mation useful for such an analysis. 

1.2. Past management  o f  young stands 

During the past 50 years, regeneration on about 
80,000 ha of previously harvested stands on federal 
land was thinned (Table 2). The hectares reported in this 
table combine precommercial and commercial thin- 
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Table 2 
Estimated hectares thinned in southeast Alaska displayed by decade and ownership 

83 

Ownership 1 9 5 0 - 1 9 5 9  1 9 6 0 - 1 9 6 9  1 9 7 0 - 1 9 7 9  1980-1989 1990-- 1999 2000-2001 Total 

Hectares 
Federal 85 3290 25,082 28,785 19,882 3380 80,504 
State 712 71 783 
Private 4741 474 I 

Total 85 3290 25,082 28,785 25,335 3451 86,028 

Note: Numbers reported in this table are approximate (especially for private land) but are included to provide a sense of the size of the areas 
available for future management. 

ning, but most of  the treatments were precommercial 
thinnings. Thinning activities began in the 1970s be- 
cause of  declining budgets; thinning activity has been 
on a downward trend since then. Initially, spacings 
ranged from 2.4 to 3.7 m, but the narrower spacings 
were abandoned because of  concerns about producing 
small trees on dense stands. By the mid- 1980s, spacing 
increased to between 3.7 and 4.9 m, and these spacings 
are still generally used today, although variable spacing 
and "gaps and thickets" are being tried as ways to meet 
wildlife objectives. Stands are usually treated between 
the ages of  20 and 30 years. Leave-tree species prefer- 
ence varies across the Tongass National Forest based 
on local conditions and management objectives. Other 
stand improvement activities such as pruning and fertil- 
ization are rarely used on the Tongass National Forest. 
There has been much less thinning on state and private 
land, but the stands also are younger. Consequently, 
there are still many opportunities on both public and 
private land to evaluate policies that result in different 
types of  thinning prescriptions. The scope of  these poli- 
cies and how they are implemented over the next decade 
will play important roles in determining the character- 
istics of trees that are eventually harvested. 

The available information suggests that managers 
currently prescribe thinning on the most productive 
sites. About 10 times more hectares were thinned on 
high sites than on moderate sites and about 10 times 
more' hectares were thinned on moderate sites than on 
low sites. Our analysis will include simulations for both 
high and low sites so we can provide policymakers and 
managers with information about outcomes of  thinning 
over the range of  site classes. This will allow evaluation 
of  options that are not well represented on the ground 
and, therefore, are otherwise difficult to assess when 
alternative policies are considered. Accessibility and 

land use designations are other major factors that will 
influence selection of  actual treatments on the ground, 
but we did not include these factors or other spatial 
considerations in our analysis. 

2. Methods 

2.1. A l t e rna t i ve  m a n a g e m e n t  s cenar ios  

SEAPROG, the southeast Alaska variant of the For- 
est Vegetation Simulator (FVS, previously known as 
PROGNOSIS) (Wykoffet al., 1982), was used to simu- 
late three generic management prescriptions. The simu- 
lations began with young stands naturally regenerated 
following clearcutting, and growth was modeled for 
two levels of site quality: Sitka spruce site indices of  
18.3 and 27.4m (low site 60ft  and high site 90ft, 50- 
year basis). The simulations ended with regeneration 
harvests by using clearcutting at 70, 1 10, or 150 years. 
The prescriptions differed in the intensity of  precom- 
mercial thinning (none, 3.7 m x 3.7 m (PCT 12 [12 ft.]) 
spacing at 20 years, or 5.5 m x 5.5 m (PCT 18 [ 18 ft]) 
spacing at 20 years) and commercial thinning (none, 
or 6.1 m × 6.1 m spacing at 60 years). Thirty-two pre- 
scriptions or subprescriptions were simulated by using 
FVS for the Ketchikan (southern) area of  the Tongass 
National Forest. Descriptions of  the various prescrip- 
tions and abbreviations that are used throughout the 
text are given in Table 3. Combining trees from com- 
mercial ttiinnings and final harvests greatly simplifies 
interpretation of  our results: 

Precommercial thinning prescriptions were de- 
signed to leave the largest trees while meeting the 
minimum spacing requirement. To achieve realistic 
proportions of  species, slightly more western hemlock 
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Table 3 
Management prescriptions and abbreviations modeled by using the Forest Vegetation Simulator for young-growth forest in southeast Alaska 

Prescription a Subprescription Precommercial thinning Commercial thinning Harvest age b 

Passive management PAS 70 None None 70, 110, 150 
PAS 110 
PAS 150 

Precommercial thin c PCT 12 70 Thin at stand age 20 to: 3.7 m x 3.7 m None 70, 119, 150 
PCT 12 110' 
PCT 12 150 
PCT 1870 Thin at stand age 20 to: 5.5 m x 5.5m None 70, II0, 150 
PCT 18 110 
PCT 18 150 

Commercial thin CT70 None Thin to 6.1 m x 6.1 m at stand age 60 70, I10, 150 
CT I10 
CT 150 

Combination a PCT+CT 110 Thin at stand age 20 to: 3.7m x 3.7m Thin to 6.1 m x 6.1 m at stand age 60 110 

Note: These prescriptions were modeled by using conditions for the Ketchikan Area and site classes of 18.3 m (low site, 60 ft) at 50 years and 
27.4 m (high site, 90 ft) at 50 years for spruce. 

a Growth was simulated for spruce site classes low and high except for the combination treatment Where only the high site class was simulated. 
b Clearfelling is the regeneration method at the beginning and end of the rotation, and natural regeneration is assumed to provide full stocking. 
c PCT 12 and PCT 18 are used because the spacing was done in English units of 12 and 18 ft (3.7 and 5.5 m). 
d Combination treatment includes both precommercial and commercial thinning and only for the high site class. 

was left to counteract  the tendency of  the FVS model  

to grow more spruce. Commerc i a l  thinnings were  

des igned to create uniform spacing within stands and 

were  conducted  f rom "be low"  or  r emoving  smal ler  

trees first. Output  f rom the FVS runs included cut-tree 

lists that were  entered into the national t imber  cruising 

program (NATCRUZ) ,  which was used to calculate  vol- 

umes  by log diameter  and species for each prescription. 

2.2. Wood quality analysis 

Log diameter  and vo lume  information for western 

hemlock  and Sitka spruce were used to es t imate  lum- 

ber recovery volumes.  We calculated lumber  recoveries  

for spruce and hemlock  but not for cedar  because there 
are no lumber  recovery data for young-growth  cedar  

on which to base estimates.  Informat ion f rom several 

empir ical  wood product  recovery studies is, however,  

available for spruce and hemlock.  Data f rom these stud- 

ies are stored in the wood product  recovery  database 

maintained by the Ecologica l ly  Sustainable Production 

o f  Forest  Resources  (ESP) team at the U S D A  Forest  

Service,  Pacific Nor thwest  Research Station in Por t -  

land, Oregon (Stevens and Barbour, 2000). One  o f  these 

studies (Christensen et  al., 2002) reports lumber  recov-  

ery data for young-growth  spruce and hemlock  f rom 

commerc ia l ly  thinned and unthinned stands. We used 

that study as a guide whi le  developing  our  analytical  

assumptions.  We assumed a constant  lumber  recovery 

['actor (LRF I) for each species and si lvicultural  pre- 

scription. The  L R F  assigned to each prescript ion was 

scaled f rom a high o f  0.666 m 3 o f  lumber  per m 3 of  

log (8 board feet /cubic  foot)  to a low of  0.583 m 3 of  

lumber  per m 3 o f  log (7 board feet /cubic foot)  based 

on several factors. 2 The  ratios o f  lumber  recovery  fac- 

tors for unthinned and commerc i a l l y  thinned spruce 

and hemlock  were assumed to be the same as the ratios 

o f  cubic -meter  recovery for these groups reported by 

Chris tensen et al. (2002). Chris tensen et al. (2002) did 

not find a significant  di f ference be tween  thinned and 

unthinned hemlock  lumber  vo lume  recoveries ,  but they 

also sorted logs to exclude  those that contained fluting 

(indentations around the s t em)  and analyzed this fea- 

ture separately. They showed that fluting considerably  

l Lumber recovery factor is defined as the cubic meters of lumber 
produced per cubic meters of log but values were converted from 
original measurements in board feet to cubic feet. 

2 This LFR is somewhat higher than the current average of 0.5 m 3 
of lumber per m 3 of log (6 board feet/cubic feet) for Alaska mills 
(Kenneth Kilborn, Forest Products Technologist, USDA Forest Ser- 
vice, Alaska Wood Utilization Research and Development Center, 
Sitka, personal communication) but it is in line with mills in other 
regions. The higher LFR was used to account for likely technological 
improvements over the next several decades. 
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Table 4 
Average taper projected by the Forest Vegetation Simulator for each silvicultural prescription normalized based on the prescription with the 
highest taper for each species on each site class 

Treatment Low site High site 

Spruce Hemlock Western redcedar Spruce Hemlock Western redcedar 

PAS 0.95 0.86 0.88 0.96 0.90 0.89 
PCT 12 0.98 0.97 1.00 1.00 1.00 1.00 
PCT 18 1.00 1.00 0.87 0.99 0.93 0.91 
CT 0.96 0.86 0.88 0.85 0.92 0.93 
All prescriptions 0.99 0.98 0.93 0.99 0.96 0.96 

Note: A prescription with ratio of 1.0 is the prescription with highest taper. 

reduced lumber volume recovery, and because fluting is 
normally more common in hemlock trees from thinned 
stands, we chose to treat the difference in lumber re- 
covery reported by Christensen et al. (2002) as if it 
were statistically significant. Our logic was that un- 
der normal operating procedures, fluted logs would be 
sawn along with unfluted logs and this would lower 
the recovery of  lumber from thinned stands. We also 
assumed that because of  increased taper, the LRF from 
precommercial ly thinned spruce and hemlock is lower 
than it is in stands of  spruce or hemlock that were com- 
mercially thinned but that were not precommercial ly 
thinned. We arbitrarily reduced LRF for trees from pre- 
commercial ly thinned stands by 2% as compared to 
trees from commercial ly thinned stands. This assump- 
tion was based on the fact that the simulation results for 
the precommercial  thinning prescriptions always had 
the highest taper (Table 4), and taper is known to reduce 
lumber recovery factors (Wang et al., 1992; Wagner and 
Taylor, 1993; Middleton and Munro, 2001). The taper 
information in Table 4 is, however, a consequence of  
the assumptions about stem form that are built into FVS 
and should be verified with empirical data for treated 
stands. Trees from the combination treatment that in- 
cluded both precommercial  and commercial  thinning 
were assigned the same LRF as trees from precommer- 
cially thinned stands. The LRFs used for each species 
and thinning class are shown in Table 5. 

Lumber was divided by grade into three broad 
value classes. 3 These were ( I )  high-value appearance 
grades (Select and Finish grades and Factory Lumber); 
(2) medium-value structural lumber grades (Structural 
Light Framing and Light Framing grades No. 2 and 
better and standard and better, and No. 3 and better 

3 For specifics on lumber grades, see WWPA (1989). 

common); (3) low-value grades (Utility, Economy, No. 
4 and 5 Common).  

We used historical price trends for softwood species 
from Oregon and Washington in this analysis (Warren, 
1991, 2003). Warren's data provide a long-term and 
readily available price series for the range of  grades of 
interest, and although the species and markets repre- 
sented might not be identical to those from .southeast 
Alaska, they are certainly close. We aggregated War- 
ren's data to reflect our high-, medium-, and low-value 
grade groups (Table 6). The price ratios for medium- 
and low-priced grades were fairly stable from the 1970s 
to the present, but in the late 1980s and early 1990s the 
ratio between high- and medium-value grades began 
to decline. This was probably due to changes in fed- 
eral land management policy and declining age class 
distributions on state and private land. The change in 
ratios reflects a decline in the volume of high-value 

Table 5 
Lumber recovery ratios and lumber recovery factors (LRF) used to 
calculate lumber volumes for the various silvicultural prescriptions 

Prescription Ratio LRF a 

Unthinned spruce 1.00 0.666 
Commercially thinned spruce 0.99 0.658 
Precommercially thinned spruce 0.97 0.641 
Unthinncd hemlock 0.95 0.663 
Commercially thinned hemlock 0.89 0.591 
Precommercially thinned hemlock 0.87 0.583 

Note: Ratios lbr unthinned and commercially thinned young-growth 
are taken from Christensen et al.'s (2002) cubic recovery percentages 
(CRP: cubic-meters of lumber per cubic-meters of log). The LRFs 
for precommercially thinned stands were assumed to be 2% lower 
than for commercially thinned stands because of additional taper. 

a LRF: cubic-meters of lumber per cubic-meters of log (original 
LRFs were 8, 7.9, 7.7, 7.6, 7.1, 7.0 board feet of lumber per cubic 
feet of log). 
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Table 6 
Aggregation of grade groups reported by Warren (2002) into high-, medium-, and low-value groups 

Species group High value group Medium-value group Low-value group 

Douglas-fir ' C Select, D Select Structural items, heavy framing, light framing Utility, economy 
Ponderosa pine 4/4 Select and I Shop, 5/4 and thicker Shopout, 4/4 commons and 8/4 standard and better Low value 

moulding andShop (except shopout) 
Inland hem-fir Moulding, Shop Structural items, heavy framing, light framing Utility, economy 
Coastal hem-fir C Select, D Select and Shop Structural items, heavy framing, light framing Utility, economy 

grades in the mix, not declining prices for these grades 
(Warren, 2003). To best represent the situation when 
the full range of grades was present in product mix, 
we used only the pre-1990 ratios for the medium- to 
high-priced grades. Accordingly, a reasonable ratio is 
2-3 for medium- to high-priced grades and 1.5-2.5 for 
low- to medium-priced grades. This means that rep- 
resentative long-term ratios for low- to medium- to 
high-priced grades range from 0.67:1:2 to 0.4:1:3. We 
chose the upper ratio to reflect the relatively high pro- 
portion of high-value grades found in young-growth 
Sitka spruce and western hemlock in southeast Alaska 
by Christensen et al. (2002) and rounded it to 1:2:6 
(0.5:1:3). 

We used the random lengths framing lumber com- 
posite price (Random Lengths, 2003) as the base price 
for medium-grade lumber because it is a consistent 
long-term estimate of the composite price for all grades 
of construction lumber. From January 2000 to June 
2003 this composite price ranged between $110/m 3 
(Random Lengths, 2001a) and $183/m 3 (Random 
Lengths, 2001b) so we chose a price of $148/m 3 for 
the medium-value grade group. We also evaluated the 
effect of recent prices for various products manufac- 
tured from old-growth timber by mills in southeast 
Alaska because they are familiar to forest and mill 
managers in southeast Alaska and, therefore, provide 
a meaningful link to today's industry. These prices are 
$34/m 3 for low-grade lumber, $212/m 3 for medium- 
grade lumber, and $1272/m 3 for high:grade lumber 
(Steve Brink, Deputy Regional Forester, USDA For- 
est Service, Alaska Region, Juneau, Alaska, personal 
communication). 

Once cubic-meter lumber volumes were estimated 
for each prescription, a set of assumptions about the 
quality of the lumber produced from trees grown 
under each prescription was applied (Table 7). In this 
case, grade yield results reported by Christensen et al. 
(2002) for unthinned and thinned spruce and hemlock 

from young-growth stands were used directly for 
high-site stands harvested at I10 years. Information 
contained in the ESP timber-quality database (Stevens 
and Barbour, 2000) was used to increase or decrease 
the yields of various lumber grade groups for each 
prescription and age, and where data were not avail- 
able, we based assumptions on professional judgment. 
This information was used in calculating an average 
lumber price for each prescription or subprescription. 
For example, the proportions of high-, medium-, and 
low-value lumber from spruce trees removed from 
150-year-old stands, on high site class land, after 
precommercial thinning to 3.7 m spacings at 20 years 
(PCT 12) are 0.02, 0.93, and 0.05, respectively. This 
means that the value of a cubic-meter of lumber 
recovered from these trees was calculated as follows: 
(0.02 x $445 + 0.93 x $148 + 0.05 × $74)= $150/m 3. 
The corresponding values for PCT 12 at 70 years and 
PAS at 150 years for spruce from high site class land 
are $141 and $168/m 3. 

3. Results and discussion 

3.1. l_~g volume, tree size, and species  distribution 

Log volume is one way to display differences 
among silvicultural prescriptions (Table 8). The table 4 
presents (1) merchantable cubic-meter volumes for 
each prescription, (2) the same data normalized by di- 
viding the volume for each prescription by the volume 
of the highest volume-producing prescription at each 
harvest age and site quality, and (3) the quadratic mean 
diameters oI' trees removed at each entry. 

Normalizing the data and grouping it by harvest 
age and site class help to highlight differences among 

4 Volume from comme.rcial thinnings is added to final harvest vol- 
ume in this table. 



R.J. Barbour et aL / Landscape and Urban Planning 72 (2005) 79-94 

Table 7 
Proportion of high-, medium-, and low-quality lumber grades simulated for various silvicultural prescriptions 

87 

Prescription Sitka spruce Prescription Western hemlock 

Harvest age High Medium Low Harvest age High Mcdium Low 

Low site class 
PCT 12 

PCT 18 

CT thinning 
CT harvest 

Passive 

High site class 
PCT 12 

PCT 18 

CT thinning 
CT harvest 

Passive 

PC + C T  FH a 

70 0 0.90 0.10 
110 0 0.90 0.10 
150 0.01 0.93 0.06 
70 0 0.90 0.10 

110 0 0.90 0.10 
150 0.01 0.90 0.09 
60 0 0.90 0.10 
70 0 0.91 .0.09 

110 0.05 0.83 0.12 
150 0.08 0.85 0.07 
70 0 0.89 0.11 

II0 0.03 0.87 0.10 
150 0.07 0.87 0.06 

70 0 0.90 0.10 
110 0 0.90 0.10 
150 0.02 0.93 0.05 
70 0 0.90 0.10 

110 0 0.90 0.10 
150 0.02 0.90 0.08 
60 0 0.90 0.10 
70 0 0.91 0.09 

110 0.06 0.83 0.11 
150 0.09 0.85 0.06 
70 0 0.89 0. I 1 

110 0.04 0.87 0.09 
150 0.08 0.87 0.05 

0.05 

PCT 12 70 0 0.90 
110 0 0.90 
150 0.01 0.91 

PCT 18 70 0 0.90 
110 0 0.93 
150 0.01 0.91 

CT thinning 60 0 0.90 
CT harvest 70 0 0.9 I 

110 0.02 0.91 
150 0.04 0.90 

Passive 70 0.01 0.89 
110 0.02 0.90 
150 0.04 0.90 

PCT 12 70 0 0.90 
110 0 0.90 
150 0.01 0.92 

PCT 18 70 0 0.90 
110 0 0.93 
150 0.01 0.91 

' CT thinning 60 0 0.90 
CT harvest 70 0 0.91 

I10 0.03 0.91 
150 0.05 0.90 

Passive 70 0.01 ' 0.89 
110 0.03 0.90 
150 0.05 0.90 

PCT + CT FH a 110 0.03 0.92 

0.10 
0.10 
0.08 
0.10 
0.07 
0.08 
0.10 
0.09 
0.07 
0.06 
0.10 
0.08 
0.06 

0.10 
0.10 
0.07 
0.10 
0.07 
0.08 
0.10 
0.09 
0.06 
0.05 
0.10 
0.07 
0.05 
0.05 

a FH: final harvest, CT uses the same proportions as CT thinning at 60 years. 

prescriptions.  For example,  the less intense p recom-  

mercial  thinning prescription (PCT 12)cons i s t en t ly  

produces more merchantable  vo lume  than the more  

intense precommerc ia l  thinning prescription (PCT 18) 

on both site classes. Site occupancy might  explain this 

difference.  It seems that the' wider  tree spacing reduced 

s tocking densi ty below full-si te occupancy,  and as a 

result  stands thinned this widely  do not produce as 

much merchantable  vo lume  as those thinned more  

lightly. The  passive management  (PAS) prescription 

responds in a s imilar  fashion but perhaps for opposi te  
reasons. It performs poorly in terms of  merchantable  

vo lume  at the youngest  harvest  age but quickly  gains 

ground on the other  prescriptions,  surpassing the PCT 

12 prescription on the high site and nearly equal ing  it 

on the low site. High s tocking densi ty and associated 

small d iameters  are the reasons for low merchantable  

vo lume  at the younges t  harvest  age, but mortal i ty o f  

suppressed trees after age 70 along with improved  

growth on the remaining  stems is a l ikely explanat ion 

for improvements  in merchantable  vo lume recovery at 

the older  harvest  ages. 

Another  interest ing result  is the mediocre  vo lume  

recovery f rom the commerc i a l l y  thinned prescript ions 

(CT) on the low site. These  prescript ions only pro- 

duce about  75% of  the merchantable  vo lume  of  the 

h ighes t -vo lume-produc ing  prescription,  even when the 
vo lumes  f rom both commerc ia l  thinnings and final har- 

vest  are combined.  The  prescription performs better 

on the high site where  it is a lways within 12% of  the 

h ighes t -vo lume-produc ing  prescription. By 150 years 

it is essential ly equal  to the best prescription.  This  re- 
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Table 8 
Sawlog volume a per ha and quadratic mean diameter for all species from each silvicultural prescription 

Prescription Log volume (m3/ha) Normalized log volume Quadratic mean diameter b (cm) 

Low site High site Low site High site • Low site High site 

PCT 12 70 471 578 1.00 1.00 5/23 7/28 
PCT 18 70 346 518 0.73 0.90 5/20 7/25 
CT 70 360 509 0.77 0.88 15/23 25/I 5 
PAS 70 341 441 0.72 0.76 25 30 
PCT 12 110 707 723 1.00 0.86 5/33 7/38 
PCT 18 110 577 653 0.82 0.78 5/30 7/36 
CT 110 537 737 0.76 0.88 23/23 25/25 
PAS 110 685 837 0.97 1.00 33 41 
PCT CT 110 700 NA 0.84 NA 7/28/38 
PCT 12 150 910 933 1.00 0.92 5/43 7/46 
PCT 18 150 827 889 0.91 0.88 5/41 7/43 
CT 150 684 982 0.75 0.97 23/30 25/36 
PAS 150 847 1014 0.93 1.00 41 48 

a Volume recovered from commercial thinnings is added to final harvest volume in this table. 
b The first number is thinning; the last number is final harvest. The PCT CT 110 had two thinnings; PAS treatments had no thinnings. 

suit suggests that commercial thinning is more appro- 
priate on higher productivity sites. On the other hand, 
on the lower productivity site class the low-intensity 
precommercial thinning (PCT 12) seems to be a good 
alternative at any rotation age if volume production is 
the primary consideration. The combination treatment 
(PCT+CT II0) was only simulated for the 110-year 
rotation where it produced about as much volume as 
the PCT 12 110 prescription or about 16% less than 
the PAS 110 prescription. 

The last two columns of Table 8 show the quadratic 
mean diameter of harvested trees in cm. The first entry 
in each column is for the trees removed during the thin- 
nings; precommercial thinnings are shown to provide 
context. Smaller trees were harvested in the final har- 
vest for the CT 70 treatment because trees 22.9cm in 
diameter at breast height (dbh) and larger were removed 
during the commercial thinnings, and there was only 
a short time for trees to grow (10 years) between the 
commercial thinning and the final harvest. This would 
probably never happen in practice. A more practical ob- 
servation is that the PAS treatment always performed 
nearly as well or better than the4hinning treatments in 
terms of tree size. As a matter of fact, with the exception 
of the CT treatment, there was very little difference in 
the size of the trees available for final harvest among the 
conditions simulated here. Different simulations with 
other constraints might produce different results, but 
in this case variation in tree size was not an important 
factor in differentiating the treatments. 

In some cases, volume production and tree size 
are the only information needed to make comparisons 
among silvicultural prescriptions, but addition of infor- 
mation on species distributions might add animportant 
dimension for some landowners. For example, western 
redcedar never accounts for more than about 8% of 
the total merchantable volume and is usually less than 
about 5% (Fig. I). The relative amount of cedar gen- 
erally increases with harvest age on both site classes. 
These FVS projections suggest that when production of 
cedar is a management objective, thinning can alter the 
proportion of cedar found in older stands. For exam- 
ple, in the combination treatment (PCT + CT 110; not 
shown in the figure) about 3% of the volume harvested 
in the commercial thinning was cedar, but none of the 
volume in the final harvest was cedar. In this case, FVS 
projects that it is possible to effectively remove cedar 
from the stand during' commercial thinning. Presum- 
ably if cedar were desired, maintaining or enhancing 
the species is also possible. 

3.2. Lumber recovery 

Strategic planning for long-term silvicultural pre- 
scriptions benefits from some notion of possible end 
products, but it is also important to recognize that it is 
impractical to say exactly what end products will be de- 
sired in 50-150 years. We chose to examine potential 
lumber volume recovery and lumber grade yield be- 
cause (I) our capability to analyze lumber is better than 
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Fig. 1. Simulations for high- and low-productivity site classes (Sitka spruce height 27.4, high site, or 18.3 m, low site, at 50 years) for the 
Ketchikan Area of the Tongass National Forest showing the proportion of western redcedar in total log volume. See Table 3 for prescription 
descriptions. 

for other products, and (2) because the likelihood that 
the Alaska raw material supply will be relatively small 

compared to the volume requirements of many wood 
processing options suggests that lumber will probably 
represent a part of the product mix. Information on lum- 

ber grades also makes it possible to infer something 
about the prospective characteristics of other products. 
This is particularly true of veneer and raw logs but 

also applies to a range of fiber and composite products. 
Veneer and raw log exports are especially promising 
products because of the probability of relatively small 

raw material volumes and the likelihood of oscillation 
in timber supply over time. There are also a variety of 

minor roundwood products, e.g., house logs, posts, and 
poles, but these generally account for a relatively small 
portion of production. There are continuing proposals 
to establish a wood composite (e.g., oriented strand- 

board [OSB]) or a fiber-based (e.g., medium-density 
fiberboard [MDF]) manufacturing facility in southeast 
Alaska. If these efforts succeed, most of the raw ma- 
terials will probably come from sources such as lower 
quality logs (OSB) and residues from primary process- 
ing (MDF). These sources of supply are complemen- 
tary to lumber or veneer processing and log exports. 

3.3. Lumber  volume 

Our projections for lumber volume recovery 
(Table 9) are dependent on FVS simulations of log vol- 
ume recovery (Table 8). This is particularly evident 
when the normalized results for lumber volume are 
compared to those for log volume. On the low site, the 

PCT 12 or PAS prescription produces the most lumber 
volume at all harvest ages. The PAS prescription out- 
produces the PCT 12 prescription at the older harvest 

ages, but the results for these two prescriptions are so 
close that they are probably not materially different. 

On the high site, the PCT 12 prescription is the largest 
lumber volume producer at the youngest harvest age, 
but this prescription's productivity is equaled by the 

CT prescription and surpassed by the PAS prescription 
at the two older harvest ages. The PCT 18 prescription 
is always the lowest lumber producer on the high site, 

Table 9 
Lumber volume a per ha based on assumptions presented in 
Tables 5-7 and normalized lumber volume per ha based on the largest 
lumber yield in each harvest age class 

Prescription Lumber volume Normalized 
(m3/ha) lumber volume 

Low site High site Low site High site 

PCT 12 70 273 368 1.00 1.00 
PCT 18 70 209 331 0.77 0.90 
CT 70 231 334 0.85 0.91 
PAS 70 210 294 0.77 0.80 
PCT 12 110 411 455 0.94 0.84 
PCT 18 110 345 411 0.79 0.76 
CT 110 332 471 0.76 0.87 
PAS 110 435 544 1.00 1.00 
PCT CT 110 449 0.83 
PCT 12 150 523 576 0.98 0.88 
PCT 18 150 482 547 0.90 0.84 
CT 150 408 604 0.77 0.93 
PAS 150 532 652 1.00 1.00 

a Volume recovered from commercial thinnings is added to final 
harvest volume in this table. 
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Fig. 2. Simulation of total revenues from lumber for stands grown in the Ketchikan Area of the Tongass National Forest on Sitka spruce site 
classes 18.3 m (low, 60ft) and 27.4m (high, 90ft) at 50 years, based on historical price trends. 

but it does better than the CT prescription a t110  and 
150 years on the low site. 

The combination treatment ( P C T + C T  110) was a 
moderate lumber producer with 83% of the volume of  
the highest-lumber-producing prescription (Table 9). 
This treatment was only simulated for the 110-year ro- 
tation on the high site because it is unlikely that man- 
agers would choose to invest the resources necessary 
for two thinning entries on stands with low growth po- 
tential. Nor would they want to carry stands with higher 
investments for longer than necessary to capture ade- 
quate growth. 

3.4. L u m b e r  revenues 

Information on both volume production and value 
per unit volume is needed to estimate lumber revenues. 
These calculations are often simplified by applying 
an average lumber value to all prescriptions, which 
ignores differences in grade yield among prescriptions. 
Such an approach can gloss over important information 
that policymakers or managers might want to consider 
when comparing prescriptions. We included informa- 
tion on grade yields to allow further discrimination 
among prescriptions. In developing the grade yield 
specifications shown in Table 7, we assumed that both 
precommercial thinning prescriptions would promote 
larger, more persistent branches, which would lead to 
larger, more frequent knots and reduce the volume of  
high-value appearance grades of  lumber. This assump- 
tion is based on the empirical information about thin- 
ning and spacing of  Sitka spruce grown in Great Britain 

(Deans and Milne, 1999) and Douglas-fir (Pseudotsuga 

menziesii)  grown in British Columbia, Washington, and 
Oregon (Brix, 1981; Maguire et al., 1991). These as- 
sumptions will be tested through a retrospective study 5 
of the branching habit and branch size in Sitka spruce 
and western hemlock currently underway that uses a set 
of spacing trials in southeast Alaska (DeMars, 2000). 

Our analysis does not consider pruning, which 
would remove persistent branches but also would sub- 
stantially increase management costs. There are two 
reasons we do not consider pruning. There is reason- 
able doubt as to the effectiveness of  pruning in Sitka 
spruce because of  its tendency to sprout epicormic 
branches after pruning (Deal et al., 2003) and this de- 
feats the purpose of  pruning. Pruning also represents 
a major investment in a stand and requires maximiz- 
ing growth rates in order to realize positive economic 
returns (Fight et al., 1993). Without more detailed eco- 
nomic analysis it is impossible to say whether prun- 
ing could have positive economic returns in southeast 
Alaska, but in general economically attractive pruning 
prescriptions tend to involve rotations of  25-40 years, 
not 70 plus years. 

3.4.1. Revenue based on historical pr ices  

The largest-volume-producing prescriptions did not 
always earn the greatest revenues (Fig. 2). At the 
youngest harvest age, the PCT 12 prescription gener- 
ates the greatest revenue for both site classes. This is 

5 Work is in progress by McClellan and Barbour and by D. Mar- 
shall, USDA Forest Service, Pacific Northwest Research Station, 
Forestry Sciences Laboratory, Olympia, WA. 
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Fig. 3. Simulation of average revenues per cubic-meter of lumber for stands grown in the Ketchikan Area of the Tongass National Forest on 
Sitka spruce site classes 18.3 m (low, 60 ft) and 27.4 in (high, 90 ft) at 50 years, based on historical price trends. 

not surprising because at this harvest age, the lumber 

grade distributions from all prescriptions were nearly 
identical in quality (Table 7). As stands aged, the PCT 

12 prescription began to fall behind in revenue on the 
higher site (Fig. 2) even though it continued to produce 

nearly as much or more merchantable volume than the 
CT and PAS prescriptions (Table 9). At the 110- and 
150-year harvest ages on the high site, the PCT 12 pre- 
scription produced about 84 and 88% as much volume 

as the PAS prescription but only 77% and 80% as much 
revenue per hectare. The reason was the change in av- 
erage revenue per unit volume (Fig. 3). Based on the 

assumptions given in Table 7 the difference in revenue 
per cubic-meter ranges from $141/m 3 for the PCT pre- 

scriptions at harvest age 70 to $166/m 3 for the PAS pre- 

scription at harvest age 150 years for the high site class 
stands. Our simulations suggest that this gain could be 
attained without a substantial drop in total lumber re- 
covery under the 110- or 150-year rotations. 

3.4.2. L u m b e r  revenue  b a s e d  on  curren t  p r i c e s  

The relative rankings for revenue per ha for the 

current and historical pricing scenarios are given in 
Table 10. Presenting the results as ranks rather than ac- 

tual dollar values makes it easier to see that there are 
almost no differences between the two pricing systems. 
The only place where rank order actually changed was 

for the low-productivity site with a 150-year rotation 
where the PCT 18 150 and CT 150 switched ranks. Un- 
der the historical pricing scenario, the PCT 18 150 pre- 
scription had a higher value because it was projected to 
produce about 18% more lumber volume than the CT 
150 prescription. Under the current pricing scenario, 

the higher percentage of high-value lumber recovered 
from the CT 150 prescription and the higher percentage 

of low-value lumber recovered from the PCT 18 150 
prescription (Table 7) is enough to swing the revenue 

differential between the two prescriptions. This infor- 
mal sensitivity analysis for price suggests that a more 
formal sensitivity analysis would be a logical next step 
as policymakers and managers determine how to man- 
age the young-growth resource. 

3.5. L u m b e r  charac ter i s t ics  

In addition to a higher selling price for the primary 
product, the appearance-quality lumber grown by us- 

Table 10 
Revenue per ha rank by site class and price basis 

Prescription Revenue per ha rank 

Low site class High site class 

Historical Current  Historical Current 

PCT 12 70 1 1 1 1 
PCT 18 70 4 4 3 3 
CT 70 2 2 2 2 
PAS 70 3 3 4 4 

PCT 12 110 2 2 4 4 
PCT 18 110 4 4 5 5 
CT 110 3 3 2 2 
PCT CT 110 3 3 
PAS 110 1 1 1 1 

PCT 12 150 2 2 3 3 
PCT 18 150 3 4 4 4 
CT 150 4 3 2 2 
PAS 150 1 1 1 1 



92 R.J. Barbour et al. / I_andscape 

ing the CT and PAS prescriptions might offer southeast 
Alaska firms opportunities to manufacture value-added 
products that would simply not be possible by using 
knotty lumber from the younger precommercial thin- 
ning prescriptions. FUrther, results from Christensen 
et al. (2002) show that lumber from trees grown in 90- 
year-old commercially thinned or unthinned stands has 
mechanical properties on par with old-growth spruce 
and hemlock. On'the other hand, work by Wang et al. 
(2000, 2001) based on the Farr thinning trials (DeMars, 
2000) suggests that wood from trees grown in stands 
that were thinned at a young age could have inferior 
mechanical properties, presumably because of higher 
juvenile wood content. This suggests that lumber from 
• the precommercially thinned stands might only have 
characteristics suitable for general construction lumber 
and not for products with more demanding structural 
requirements. 

Simulation of additional wood product recovery in- 
formation would improve confidence in these results. 
Projection of lumber recovery by using sawing sim- 
ulation models is becoming an accepted alternative to 
more expensive empirical wood product recovery stud- 
ies (Todoroki, 1990, 1995; Steele et al., 1994; Pont et 
al., 1999). Inexpensive techniques have been developed 
to diagram the branch size and position in logs either 
for sawing simulations to estimate lumber grade yield 
(Barbour et al., 1999) or to combine this intbrmation 
with other log characteristics, e.g., growth rate and di- 
ameter, to estimate log grade yields (Barbour and Parry, 
2001). These techniques would be appropriate for use 
in southeast Alaska and could be incorporated into eval- 
uations of other thinning trials or remeasurements of 
existing spacing trials. The use of these techniques to 
describe logs and simulate their sawing should make 
it possible to develop detailed information on the out- 
comes of a variety of silvicultural prescriptions without 
having to wait decades for the trees in experimental tri- 
als to grow. 

When economic analyses of the prescriptions ex- 
amined here are performed, it is possible that revenues 
of $140/m 3 will produce better returns under a 70-year 
rotation than $168/m 3 revenues over a 150-year rota- 
tion, but there is actually a more fundamental question. 
Will the types of products manufactured from south- 
east Alaska stands grown in 70 years actually compete 
in global markets given their likely delivered costs? It 
is probably impossible to answer this question, but a 
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timber supply analysis that considers other potential 
sources of raw materials for global timber markets and 
what they might cost and, therefore, how they might 
compete with wood from Alaska would help policy- 
makers gauge the possibility that other regions will fill 
the need for construction grades of lumber at lower 
prices than are possible for Alaska manufacturers. 

4. Summary and conclusions 

Three silvicultural prescriptions with various 
thinning intensities and timings and a no-treatment 
option were simulated by using the Forest Vegetation 
Simulator for two site classes (Sitka spruce 27.4 
[high site] and 18.3m [low site] height growth at 
50 years) for stands in the Ketchikan (southern) 
area of the Tongass National Forest and surrounding 
state and private land in southeast Alaska. A fifth 
prescription combining precommercial and com- 
mercial thinning was simulated at 110 years for the 
high site only. Revenues were estimated based on 
empirical lumber-recovery information and expert 
judgments. At a 70-year rotation, precommercial 
thinning to 3.7 m x 3.7 m spacing at 20 years was the 
best volume- and revenue-producing prescription on 
both site classes. By 110 years, the precommercial 
thinning prescriptions had fallen behind the passive 
management prescription and the commercial thinning 
prescription on both site classes and behind the 
combination treatment on the high site. Results were 
variable for revenue per ha, but in general the passive 
management and commercial thinning prescriptions 
performed better than the precommercial thinning 
prescriptions, particularly on the higher productivity 
site. The prescription to precommercially thin to 5.5 m 
x 5.5 m at 20 years was generally last or next to last 
in terms of revenue per ha. The choice of the "best" 
prescription for a particular landowner or management 
situation, however, depends on the policy goals or 
management objectives. Economic analyses such as a 
net present value or soil expectation value might favor 
the shorter rotation PCT 12 prescription at 70 years. 
Under this prescription, wood product options will 
be limited to manufacture of construction lumber or 
structural veneer, composite or fiber products, or the 
export of logs for their manufacture elsewhere. Factors 
such as rotation length and high operating costs will 
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probably make Alaska  manufacturers  o f  these types of  

products  high-cost  producers  in global  markets,  and 

serious considerat ion should be given to whether  they 

will compe te  successful ly  with regions where  this 

type of  material can be grown in one-third to one-ha l f  

o f  the t ime needed in southeast  Alaska.  There  is also 

a quest ion about  the potential mechanical  propert ies 

o f  this material  that could  make it unsuitable for some 

structural products.  The  passive managemen t  and 

commerc ia l  thinning prescript ions at the higher  har- 

vest  ages will  produce a different  type o f  raw material  

that will be suitable for a wider  range o f  structural and 

appearance products,  some of  which might  have higher  

sel l ing prices than those c o m m a n d e d  by wood  from 

precommerc ia l ly  thinned stands. Again  the quest ion 

o f  whether  cheaper  sources o f  the same material  might  

be available to global  markets should be given serious 

considerat ion.  These  conclus ions  are, however,  influ- 

enced by the assumptions  about  the yields of  various 

grades o f  lumber  recovered f rom each silvicultural  

prescription. These  assumptions  are based partly on 

empir ical  data and partly upon professional  judgments ,  

so col lect ion of  additional empir ical  data for man- 

aged stands would  improve  the conf idence  o f  these 

estimates.  
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Appendix A. Metric equivalents 

When you know Multiply by: To find: 

Hectares 2.47 Acres 
Meters 3.28 Feet 
Centimeter • 0.394 Inches 
Cubic meters 35.3 Cubic feet 

Appendix  A (Cont inued)  

Cubic meters 220 Board feet (log 
scale) 

Cubic meters 424 Board feet (lumber) 
Dollars/m 3 (full 2.358 Dollars per 

sawn lumber) thousand board feet 
(full sawn lumber) 

Dollars per ha 0.405 Dollars per acre 
m3/ha (logs) 14.3 Cubic feet/acre 

(logs) 
m3/ha (lumber) 172 Board feet/acre 

(lumber) 
Cubic feet to board feet 5 is an average conversion factor, that 

varies from 3.5 to 8 depending on species and log diameter. 
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