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ABSTRACT 

These management approaches will 

New silvicultural prescriptions for ecosystem management on both public and likely result in an influx of small-diameter 

private timberlands in western North America will likely result in an influx of relatively sawtimber at existing processing plants 

small-diameter sawtimber for processing. Since sawmills currently process a majority thoughout the region. Since 

of sawtimber harvested in western North America (more than 80% in some regions), this process a sawtimber bar- 

study concentrated on determining the value of small-diameter sawtimber delivered to in & region (more than 80% in 
sawmills. Data were collected during the summer of 1997 to describe a representative the idand region of the western United 
random-length sawmill and a representative stud mill forthe inland region of the United States), this study concentrated on deter- 
States. Data included inputs for machinery, mill layout, machine speeds, volume and mining the value of small-diameter saw- 
gracte recovery, product prices, and fixed and variable manufacturing costs. A simulator timber delivered to sawmills. A simulator 
(MSUSP) was employed to describe the sawmills and to determine delivered-sawtimber (MSUSP) (21) was employed to describe 
values by stem diameter for each mill. The value of sawtimber delivered to a sawmill a representative random-length sawmill 
was based upon a 25 percent and a 10 percent return on investment (ROI) capital and and a representative stud mill for the re- 
upon covering only variable costs of production. Results showed that sawtirnber under gion and to determine delivered-sawtim- 
9 inches (23-cm) diameter at breast height (DBH) could not cover harvest and delivery ber values by diameter breast height 
costs and earn even a modest ROI capital at sawmills in the region. The 6- and 7-inch @BH) class for each sawmill. 
(15.2- and 17.8-cm) DBH sawtimber harvested from gentle slopes could not cover the 

BACKGROUND 
variable costs of manufacture and the costs of harvest and delivery to the sawmill. 
Sawtimber under 10 inches (25.4 cm) DBH harvested from steeper slopes would require The industry has numer- 

substantially higher lumber prices to cover variable costs. Results indicate that small- OUS simulators to investigate the 

diameter sawtimber may have to be subsidized to allow for profitable manufacture of 10g-sawing process ( 192,4,8,1 3,1491 7- 

products by the current sawmill industry in westemNorth America. 20,22). These simulators were designed 
to improve either the lumber-volume 
yield or the lumber-grade yield from 
sawlogs. A few large companies have 

E s t  selective logging of sera1 species approaches(5,n. Collectively, these con- used simulators to evaluate overall saw- 
and effective fire suppression have dra- ditions have pushed managers to con- mill performance (3,10,11,21), and re- 
matically altered the composition a d  sider more ecologically based, socially cently, sawmill simulators have been 
health of forest ecosystems in many parts acceptable management approaches (6). designed that incorporate graphics ani- 
of western North America (12). Many 
forest stands are now overstocked with 
small-diameter, late-succession species The authors are, respectively, Professor, Forest Prod. Dept., Univ. of Idaho, Moscow, ID 
such asDouglas-fir, grand fir, andwestem 83844-1 132; Associate Director, Bureau of Business and Economic Res., Univ. of Montana, 

Missoula, MT 598 12; and Principal Economist, and Team Leader, USDA Forest Serv., Pacific 
'Oncern Over manage- Northwest Res. Sta., P.O. Box 3890, Portland, OR 97208. This research was partially funded 

ment practices that emphasized a narrow through grants from the Bitterroot National Forest and the Pacific Northwest Res. Sta. This 
range ofresource outputs has also caused paper was received for publication in December 1997. Reprint NO. 8743. 

t Forest Products Society Member. forest managers to reexamine the ecologi- Products Society 1998. 
cal basis and visual impacts of traditional Forest Prod. J. 48(9):30-34. 
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mation and object-oriented libraries 
(9,151. 

The sawmill-flow simulator (MSUSP) 
employed in the current study, has been 
used by Temple-Inland Forest Products 
to model the operation of sawmills in 
eastern Texas and southwestern Louisi- 
ana (21). Specifically, they employed the 
MSUSP simulator to value and to allo- 
cate sawtimber to each of their four saw- 
mills. Temple-Inland Forest Products has 
used this approach since 199 1. During 
1994, they produced approximately 500 
million board feet (BF) of lumber from 
sawtimber worth $154 million and esti- 
mated that they saved approximately $5 
million through improved bid prices and 
improved allocation of sawtimber. 

As mentioned, the MSUSP simulator 
(21) was employed to value sawtimber 
by DBH class in this study. Data for the 
simulator were collected during the sum- 
mer of 1997. The goal was to use the 
simulator to design representative ran- 
dom-length and stud sawmills for the 
inland region of the western United 
States. Random-length sawmills and 
stud mills in northwestern Montana were 
visited, and managers were interviewed 
to obtain the following data: 1) a full 
description of each sawmill (machines, 
conveyors, and surge decks); 2) lumber- 
volume and lumber-grade yields fiom 
logs of different diameters, lengths, and 
grades; and 3) machine processing rates 
by log diameter, length, and species. 

Lumber prices were from the Random 
Lengths Yardstick (16) for hem-fir (late- 
succession species group) lumber during 
August 1997. Other product prices and 
costs were from sawmill surveys con- 
ducted by the Bureau of Business and 
Economic Research at The University of 
Montana-Missoula. Fixed costs were 
based upon capital investments of $22 
million for the random-length sawmill 
and $17 million for the stud mill. These 
capital investments represent existing 
sawmills that have been partially depre- 
ciated but maintained through the addi- 
tion of new and used equipment. Annual 
labor, utilities, property taxes, and other 
non-timber, non-capital costs were $6.9 
million annually for the stud mill and 
$8.1 million annually for the random- 
length sawmill based on 500 8-hour 
shifts per year. 

The sawmill design selected to repre- 
sent random-length sawmills in the re- 

gion had the following characteristics 
and machines: 1) two lines; 2) produces 
lumber 8 to 20 feet (2.4 to 6.1 m) in 
length, 4 to 12 inches (8.9 to 28.6 cm) 
wide, and 1 and 2 inches (1.9 and 3.8 cm) 
thick (majority was 2-inch- (3.8 cm) 
thick structural lumber); 3) processes 
multiple mill-length sawtimber; 4) circu- 
lar log-cutoff saw; 5) ring debarker; 6) 
band headrig with conventional carriage 
on the large-log side; 7) twin-band, 
sharp-chain headrig on the small-log 
side; 8) double-arbor gang resaw on the 
large-log side; 9) quad-band resaw on the 
small-log side; 10) two lumber edgers; 
1 1) lumber trimsaw; 12) automatic J-bar 
lumber sorter; 13) chipper for undersized 
and poor-quality sawlogs; and 14) chip- 
per for log cutoffs "lily pads." The saw- 
mill also had slabbing chippers at the 
headrigs, appropriately sized surge decks 
at each machine, and conveyors. 

The sawmill design selected to repre- 
sent stud mills in the region had the fol- 
lowing characteristics and machines: 1) 
one line; 2) produces lumber 6 to 10 feet 
(1.8 to 3.0 m) in length, 4 and 6 inches 
(8.9 to 14.0 cm) wide, and 1 and 2 inches 
(1.9 and 3.8 cm) thick (majority 2 inches 
(3.8 cm) thick, 4 inches (8.9 cm) wide, 
and 8 feet (2.4 meters) long); 3) proc- 
esses multiple mill-length sawtimber; 4) 
circular log-cutoff saw; 5) chipping-can- 
ter twin-band headng; 6) single-arbor 
gang resaw; 7) lumber edger; 8) lumber 
trimsaw; 9) automatic J-bar lumber 
sorter; 10) chipper for undersized and 
poor quality logs; and 1 1) chipper for log 
cutoffs "lily pads." The sawmill also had 
appropriately sized surge decks and con- 
veyors for each machine. 

The USDA Forest Service Best Open- 
ing Face @OF) program has been incor- 
porated into the MSUSP simulator (8). 
The BOF program was modified to cre- 
ate lumber look-up tables for headrigs 
and resaws based upon sawmill parame- 
ters and sawmill efficiency. Before the 
simulator is run, the BOF program cre- 
ates a look-up table that represents the 
lumber that would be produced from a 
range of logs processed at a sawmill. For 
this study, separate BOF look-up tables 
were created for the random-length saw- 
mill and the stud mill. For creation of the 
look-up tables, it was assumed that lum- 
ber recovery factor (LRF) (BF of lumber 
tally per cubic foot of log input) was 7 for 
the random-length sawmill with an aver- 
age log diameter of 10 inches and was 7 
for the stud mill with an average log 

diameter of 8 inches. The BOF program 
automatically adjusts LRF for logs of 
different diameters. Each time a log or a 
cant is processed by a headrig or a resaw 
in the simulator, the log or cant disap- 
pears and lumber enters the simulator 
based upon a BOF look-up table and the 
diameter, length, and grade of the log or 
cant processed. 

Multiple runs of the MSUSP simulator 
were made to determine the value of saw- 
timber at each sawmill. Sawtimber deliv- 
ered to the sawmills had an average 
length of 41 feet (12.5 m) and an average 
taper of 2.5 inches (6.3 cm) per 16 feet 
(4.9 m) and was bucked to log-process- 
ing lengths at each sawmill. Processing 
lengths were 8 feet (2.4 m) plus trim at 
the stud mill and were fiom 8 to 20 feet 
(2.4 to 6.1 m) plus trim at the random- 
length sawmill. Percentages in each 
length class at the random-length saw- 
mill were 1 percent for 8 feet (2.4 m), 9 
percent for 10 feet (3.0 m), 15 percent for 
12 feet (3.7 m), 5 percent for 14 feet (4.3 
m), 30 percent for 16 feet (4.9 m), 10 
percent for 18 feet (5.5 m), and 30 per- 
cent for 20 feet (6.1 m). In each run, a 
specific sawtimber DBH class was evalu- 
ated (6 to 18 inches (15.2 to 45.7 cm) 
DBH at the random-length sawmill and 6 
to 14 inches (15.2 to 35.6 cm) DBH atthe 
stud mill). Diameters within each saw- 
timber DBH class followed a lognormal 
distribution with a standard deviation of 
0.25 inches (0.6 crn). Most sawmills in 
western North America do not sort by 
sawtimber DBH class for processing. 
However, this step was necessary to de- 
termine the relative value of each saw- 
timber DBH class in this analysis. 

After each run, the profit/loss (less 
sawtimber costs) and volume of saw- 
timber processed (thousand BF (MBF) 
Scribner scale) were recorded. The break- 
even value of each sawtimber DBH class 
was then calculated by dividing profid 
loss by MBF Scribner scale for each run. 
Value of sawtimber was based upon 25 
percent and 10 percent return on invest- 
ment (ROI) and upon covering variable 
costs of manufacture. Twenty-five per- 
cent ROI is considered by many forest 
products companies and by many lend- 
ing institutions to be a reasonable long- 
term ROI for high-risk ventures. Ten- 
percent ROI is viewed as a minimum 
ROI to attract capital into the sawmill 
industry. Under certain extreme situ- 
ations, sawmill managers may choose to 
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operate if they can cover the variable 
costs of production. 

In multiple runs of the simulator, lum- 
ber production for an &hour shift of the 
random-length sawmill ranged from 
60.08 MBF (97.5 m3) for 6-inch (15.2- 
crn) DBH sawtimber to 358.91 MBF 
(582.6 m3) for 17-inch (42.5-cm) DBH 
sawtimber, and lumber production for an 
8-hour shift of the stud mill ranged from 
56.12 MBF (91.1 m3) for 6-inch (15.2- 
cm) DBH sawtimber to 204.23 MBF 
(331.5 m3) for 14- inch (35.0 cm) DBH 
sawtimber (Table 1). The LRF (BF lum- 
ber tz~llylft.~ of log input) for the random- 
length sawmill ranged from 4.52 (25.9 

.- percent of log volume) for 6-inch (15.2- 
cm) DBH sawtimber to 8.92 (5 1.1 per- 
cent of log volume) for 18-inch (45.7- 
cm) DBH sawtimber, and LRF for the 
stud mill ranged from 4.53 (25.9 percent 
of log volume) for 6-inch (15.2-cm) 
DBH sawtimber to 8.57 (49.1 percent of 
log volume) for 14-inch (35.6-cm) DBH 
sawtimber (Table 2). The ranges in LRF 
values were automatically determined by 
the modified BOF program through each 
run of the simulator. 

The break-even values of sawtimber at 
the simulated random-length sawmill 
and the simulated stud mill are shown in 
Tables 3 and 4, respectively. Relative 
break-even values of sawtimber at the 
two sawmills are dependent upon many 
factors, and direct comparisons of values 
should be approached with caution. With 
a 25 percent ROI, 6-, 7-, and 8-inch (1 5.2, 
17.8, and 20.3-cm) DBH sawtimber had 
negative values at both mills. Even when 
only variable costs were covered, the 
break-even values for 6- and 7-inch (15.2 
and 17.8-cm) DBH sawtimber at both 
mills would not cover harvest and deliv- 
ery costs. Harvest and transportation 
costs for 6- and 7-inch (15.2 and 17.8- 
cm) DBH sawtimber on gentle slopes 
(tractor ground) is nearly $5OO/MBF and 
$360/MBF Scribner scale ($36/m3 and 
$33/m3), respectively (Bureau of Busi- 
ness and Economic Research, Forest In- 
dustry Data System, The University of 
Montana-Missoula 1998). Note that as 
DBH decreases, the Scribner scale un- 
derestimates, by an increasing amount, 
the volume of wood fiber in the sawtim- 
ber. For example, to produce an MBF 
Scribner scale from 6-inch (15.2- cm) 
DBH sawtimber would require 14 m3, 
while a MBF Scribner scale from 10- 

TABLE I .  - Lumber production for an &hour 
shift of the simulated random-length smvmill and 
stud mill by diameter class of sawtimber: 

Sawtimber Random-length Stud 
DBH sawmill mill 

(in,) - - - - - - (MBF tally) - - - - - - 
6 60.08 56.12 
7 61.35 62.88 
8 67.72 77.30 
9 86.60 100.70 

10 111.60 130.45 
1 1  137.90 172.79 
12 171.30 196.08 
13 214.08 202.34 
14 245.55 204.23 
15 280.34 
16 328.78 
17 358.91 

TABLE 2. - Lumber recovery factor (LRF) for 
the simulated random-length sawmill and the 
stud mill by diameter class of sawtimber 

Sawtimber Random-length Stud 
DBH sawmill LRF mill LRF 

(in.) - - - - - -  (MBF tally) - - - - - - 
6 4.52 4.53 
7 5.71 5.98 
8 5.84 6.74 
9 6.39 7.38 

10 6.83 7.81 
I I 7.02 8.04 
12 7.32 8.23 
13 7.77 8.40 
14 8.04 8.57 
15 8.23 
16 8.47 
17 8.74 
18 8.92 

TABLE 3. - Break-even sawtimber value (delivered) for the simulated random-length suwmill with 25 
percent and I 0  percent return on investment (ROI) and with variable costs covered, by diameter class. 

Sawtimber DBH 25 percent ROI 10 percent ROI Variable costs 

(in.) - - - - - - - - - - - - - - - - - - ($/MBF Scfibner) - - - - - - - - - - - - - - - - - - 
6 -341.21 -92.57 311.47 
7 -315.99 -75.84 3 14.42 
8 -172.09 26.54 349.33 
9 31.84 381.69 425.19 

10 202.29 3 14.49 496.82 
1 1  300.16 385.86 525.13 
12 383.30 449.72 557.64 
13 461.19 513.63 598.84 
14 502.01 546.54 618.90 
15 538.89 577.05 639.06 
16 567.62 599.28 650.72 
17 622.03 652.54 702.13 
18 573.39 603.50 652.43 

TABLE 4. Break-even sawtimber value (delivered) for the simulated srud m'll with 25 percent and 1 0  . " 
percent return on investment (ROI) and with variable costs covered, by diameter c h s .  - 

Sawtimber DBH 25 percent R01 10 percent ROI Variable costs 

(in.) 
6 
7 
8 
9 

10 
1 1  
12 
13 

inch (25.4-cm) DBH sawtimber would the cost of harvest and delivery on tractor 
require just 7 m3, which is half the vol- ground until DBH was 11 inches (27.9 
ume. With a 25 percent ROI, the break- cm) or larger at both sawmills. With a 10 
even values of sawtimber did not exceed percent ROI, the break-even values of 

I l2 
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TABLE5. - Average sawlug small-end diameter for cable ground) did not cover the cost 
~mcessed by the simulated rundum-length sow- of harvest and delivery. H ~ ~ ~ ~ ~ ~ ,  con- miN and stud mill, by dinnaeter ckus of sawtimber 

siderable variation exists among saw- 
Random-length Stud mill mills, and some sawmills in the region Sawtimber sawmill sawlog sawlog 

DBH diameter diameter could process logs more or less effi- 
- - - - - - - - - - - - - -  (in.) - - - - - - - - - - - - - - ciently than the sawmills profiled in this 

sawtimber did not exceed the cost of har- 
vest and delivery until DBH was 9 inches 
(22.9 cm) or larger at both sawmills. 

Much of the forest land in need of 
management is on steep slopes (35%) 
requiring cable-harvest systems. These 
systems often result in harvest and deliv- 
ery costs in excess of $400/MBF Scrib- 
ner scale ($60/m3) for sawtimber of 9 
inches (25.4-cm) DBH and less; for 
larger sawtimber, harvest and delivery 
costs may be as high as $300/MBF Scrib- 
ner scale ($45/m3) (Bureau of Business 
and Economic Research, Forest Industry 
Data Systems, The University of Mon- 
tana-Missoula 1998). These costs exceed 
the delivered value of sawtimber under 
10 inches (25.4-crn) DBH when cover- 
ing just variable costs (Tables 3 and 4). 
Only 10-inch (25.4-cm) DBH and larger 
sawtimber would cover harvest and de- 
livery costs and would return a 10 per- 
cent ROI on investments at both saw- 
mills. 

CONCLUSIONS 
Results of this study address several 

important forest land management ques- 
tions. One question deals with whether 
the value of small-diameter sawtimber 
exceeds the cost of harvest and delivery 
to sawmills in western North America. 
Although many variables (i.e., milling 
efficiency, lumber prices, and chip prices) 
impact the answer to this question, re- 
sults suggest that at the present time, the 
break-even values of small-diameter 
sawtimber (< 9 in. (22.9 cm) DBH for 
tractor ground and < 11 in. (27.9 cm) 

study. 
In times of peak markets for lumber 

and chips, sawmills could pay substan- 
tially more for sawtimber than indicated 
in Tables 3 and 4. However, lumber 
prices used in this analysis (16) are on a 
par with prices over the past few years 
and are relatively high by historic stand- 
ards. Most experts do not expect dramatic 
sustained increases in lumber prices. 

In the shod run, some sawmills may be 
willing to pay considerably more than 
long-term break-even value for sawtim- 
ber. This happened in 1994 when saw- 
timber prices rose to unprecedented lev- 
els in western North America due to 
sawtimber shortages resulting from re- 
ductions in harvest from USDA Forest 
Service lands. Today, many sawmills in 
western North America are operating at 
substantially below-optimum levels of 
production due to sawtimber shortages. 
Some sawmills are operating in a sur- 
vival mode hoping that sawtimber har- 
vests will increase. In the short run, these 
sawmills may secure sawtimber at prices 
that will allow them to only cover vari- 
able costs of production as shown in Ta- 
bles 3 and 4. However, forest restoration 
prescriptions are long-term propositions, 
and the sawmill industry will have to 
make ongoing investments in equipment 
and facilities to efficiently process saw- 
timber from these lands. The two col- 
umns in Tables 3 and 4 illustrating 
break-even sawtimber value for 10 and 
25 percent ROI provide a better basis for 
long-term planning than do prices when 
only variable costs are covered. 

Although many factors affected the 
break-even value of small-diameter saw- 
timber at the two mills, the factors that 
had perhaps the greatest impact were 
lumber production and lumber recovery. 
As can be seen in Table 1, lumber pro- 
duction for 6-inch (15.2-cm) DBH saw- 
timber was only about one-fourth that of 
lumber production for 14-inch DBH 
(35.6-cm) sawtimber processed at both 
mills. Although some sawmill machines 
process smaller pieces somewhat faster 
than larger pieces, the increases in proc- 
essing speeds were not enough to offset 
the low volume per piece for small- 

diameter sawtimber. The LRF (Table 2) 
for 6-inch (15.2-cm) DBH sawtimber 
was only about one-half that for 18- and 
14-inch (45.7 and 35.6-cm) DBH saw- 
timber processed at the random-length 
sawmill and the stud mill, respectively. 
As a result, twice as much cubic log 
volume had to be processed to produce 
the same volume of lumber from the 6- 
inch (15.2-cm) DBH sawtimber as from 
the larger-diameter sawtimber. 
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