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Abstract

On the basis of an analysis of operating costs and market prices for hardwood logs and lumber, earlier research
determined that in an average eastern hardwood sawmill, a small change of 0.1 percent in any of these factors (operating
cost, log cost, lumber prices) will lead to a statistically significant (o = 0.05) change in profit. However, operating cost, log
cost, or lumber prices typically fluctuate more than 0.1 percent, with changes of several percentage points for all factors not
uncommon. The effect of these fluctuations on what constitutes the break-even log is unknown. The break-even log is the
combination of a diameter class, length, species, and log grade factors such that when the log is sawn into lumber and
residues the total value generated is offset by the total costs (e.g., a zero-dollar profit). In this paper we explored the impact
of statistically significant market price changes for operating cost, log cost, and lumber prices on the break-even log.
Findings include that, in general, statistically significant market price fluctuations did not lead to immediate changes in
characteristics of the break-even log. However, market price (logs, lumber) or operating cost changes of 2.5 percent or

more did lead to pronounced differences in what constituted the break-even log for a US hardwood sawmill.

In US hardwood sawmills, the concept of the break-even
log is the combination of the diameter class, length, species,
and log grade factors such that when the log is sawn into
lumber and residue, the total product value equals the sum
of the operating and log costs, resulting in a zero-dollar
profit (Adams 1970, 1972). Thus, the concept of the break-
even log does not point to a single log but to a group of logs
where each log results in a zero-dollar profit.

Adams (1970, 1972) and Adams and Dunmire (1977)
were the first researchers to examine the methods of deter-
mining the characteristics that determined if a hardwood
log could be sawn at a profit or not. They used computing
power to determine how much a mill could pay for a set of
logs and make a profit depending on their operating costs
and expected lumber sales. Their work resulted in the devel-
opment of the SOLVE (Adams 1972) and SOLVE II
(Adams and Dunmire 1977) computer programs, which cre-
ated tables of profitability contrasted with costs for log
grades and sizes sawn by a mill. The last revision of the
SOLVE program (Palmer et al. 2009) calculated the break-
even cost on the basis of a sawmill’s log and operating cost
data and lumber prices. As such, SOLVE provides the esti-
mated break-even price that could be paid for logs of differ-
ent grades for a break-even profit point. The user can adjust
this break-even point to include a break-even margin based
on a user-specified profit margin (Palmer et al. 2009).

Bond (2007) also discussed how to assess hardwood saw-
mill operating costs and determine the value of the lumber
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produced, with the goal of being able to make better deci-
sions about when to process a log and when to sell it to
another processor (merchandising, Bond 2007). For exam-
ple, if sawing a specific log required 4 minutes of process-
ing time in a sawmill and resulted in a total profit of $0.75,
then it might be best for the mill to avoid similar logs and
concentrate on logs that resulted in a higher profit for the
time devoted to it.

Perkins et al. (2008) performed a break-even analysis on
the basis of the production data and costs of a hardwood
sawmill to determine the feasibility of a potential sawmill
expansion project. The analysis examined two levels of pro-
duction volume combined with two potential recovery vol-
umes and three levels of log costs. The goal of the analysis
was to determine which log diameters could be profitably
processed in the proposed mill. In this study, the operating
costs were obtained from a participating sawmill. However,
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since the proposed sawmill operation was different from the
participating sawmill’s, the operating costs were adjusted (Per-
kins et al. 2008). As a result, Perkins et al. (2008) found that
the current sawmill and pallet part mill were profitable, but a
new sawmill (scragg mill) would likely not be profitable.

The lack of accurate operating costs and hence the use of
estimated operating costs is a problem that exists for many
hardwood sawmill operators (Buehlmann and Thomas
2025). This directly affects their abilities to accurately
determine what constitutes the break-even log for their mill.
If operating costs are unknown, the LOg ReCovery Analy-
sis Tool (LORCAT; Thomas et al. 2021, 2024; Thomas and
Buehlmann 2024, 2025) can be used to calculate a saw-
mill’s break-even operating cost using a log sample, the
processing setup, and current log and lumber market prices
(Buehlmann and Thomas 2025). Although this results in an
estimate of a hardwood sawmill’s operating costs, it is
likely to be more reflective of the log sample and processing
setup of the hardwood sawmill operation.

Once operating costs are known, LORCAT provides a
quick method of determining the break-even log on the
basis of a mill’s operating and log costs, processing setup,
and product market values (Thomas and Buehlmann 2024,
2025; Thomas et al. 2024). Although LORCAT provides a
solution to identifying the break-even log as the market
prices of logs and lumber and residues, as well as a hard-
wood sawmill’s operating costs, are subject to frequent
change. For example, an informal survey by Hardwood
Market Report (HMR 2024a) found that the cost of manu-
facturing in hardwood sawmills had risen by 30 to 40 per-
cent over the past 3 years. Furthermore, HMR (2024a)
reports that the increase in operating costs resulted from
increases in almost every factor required to operate a saw-
mill, such as labor, insurance, fuel, energy, logging, equip-
ment, and parts. In addition, log, lumber, and residue prices
are far from static. HMR reports industry average lumber
prices by species, region, and thickness for green and kiln-
dried lumber. HMR (2024b) reported that the current com-
posite price for 4/4, kiln-dried selected species is $1,553 per
thousand board feet (MBF) and reported the month and
year-ago composite prices as $1,522 and $1,290, respec-
tively, (e.g., a month-over-month increase of 2.4% and
year-over-year increase of 20.4%).

Hardwood log prices are also subject to significant change
over time. The Kentucky Division of Forestry (2023, 2024)
reports delivered log prices to sawmills by state region and
quality: high, medium, or low (S. A. Rogers, Kentucky Divi-
sion of Forestry, personal communication, July 3, 2024). These
standards are approximately equivalent to the US Forest Service
(USFS) forest log grades Factory 1, Factory 2, and Factory 3
(Rast et al. 1973), respectively (S. A. Rogers, Kentucky Divi-
sion of Forestry, personal communication, July 3, 2024). Fig-
ure 1 lists the prices for red oak logs by grade for the first and
second halves of 2023 and the first half of 2024. Comparing
first halves of 2023 and 2024 shows that the prices for Factory
1, Factory 2, and Factory 3 log grades have decreased by 11.4,
5.4, and 35.7 percent, respectively (Figure 1).

Buehlmann and Thomas (2025) analyzed the cost and
price factors of 4, 8, and 12 MMBF (million board feet)
annual production hardwood sawmills and found that a
change in operating cost, log cost, or lumber prices by
plus or minus 0.1 percent caused a statistically significant
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Figure 1.—Hardwood log prices by US Forest Service log
grade for 2023 and 2024.

(o0 = 0.05) change in profit. Given the volatility of costs and
market prices in hardwood sawmills and the sensitivity of profit
to slight changes in these factors, an obvious question arises:
How do the characteristics of the break-even log, such as diam-
eter class, length, species, and log grade, change when a statisti-
cally significant change in profit occurs?

Methods

LORCAT’s profit/loss analysis allows users to identify
the group of logs that results in a loss or an unacceptably
low profit when sawn (Thomas and Buehlmann 2024,
2025). LORCAT begins the analysis by creating a sample
of logs that includes 10 logs for every small-end diameter
(SED) 1-inch class in 0.1-inch increments. The SED log
diameters for each grade range from the minimum diameter
allowed by the log grade rules: 13, 10, and 8 inches for
USFS Factory log grades 1, 2, and 3 (Rast et al. 1973),
respectively, to maximum SED log diameters of 25, 24, or
20 inches for Factory log grades 1, 2, and 3, respectively.
The large-end diameter (LED) is determined by using the
hardwood log taper distribution data (Wood et al. 2020) that
were collected to create the hardwood log recovery yield
tables (Hanks et al. 1980). The entire log sample created for
this simulation contains 430 logs with a total Doyle scale
volume of 79,359 board feet.

Once LORCAT (Thomas and Buehlmann 2024, 2025)
completes creating the log data sample, it then processes
the log sample using the user’s processing setup: opening
face size, cant specifications, target board thickness, kerf
thickness, sawing variation, hourly volume sawn, market
prices for logs, lumber, and residues. For each log sawn
LORCAT reports the value produced from the lumber, cant,
and residues, as well as log and operation cost, and, most
important, the profit or loss associated with every log in the
sample. In the LORCAT simulations performed for this
example, we specified an average production volume of
5,333 board feet per hour. Given an average of 2,250 oper-
ating hours per year (D. Spessert, National Hardwood Lum-
ber Association, personal communication, January 2023),
the example analysis presented here represents a mill with
an approximate annual production volume of 12 MMBF.

For this analysis of the break-even log, sawing practices
of typical Appalachian hardwood sawmills were used
(Thomas et al. 2024). All lumber was sawn to 1-inch (4/4)
thickness with a green allowance of 0.125 inch. A minimum
opening face width, e.g., the width of the board produced
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by the first cut on the face of a log, was specified at 5.5
inches with a minimum board length of 8 feet. All logs
were sawn to a 6-inch-high random-width cant that was
then sawn into lumber using a gang resaw. The kerf thick-
nesses and total sawing variation at the headrig and gang
resaw were set to 0.125 and 0.035 inches respectively.
Given the green allowance and total sawing variation speci-
fications and 1-inch lumber thickness, using Brown’s equa-
tion (Brown 2000), a target thickness of 1.194 inches was
specified. The grade sawing method used by LORCAT
(Thomas and Buehlmann 2024, 2025) simulates typical
hardwood sawing practices where the log is rotated and
boards are sawn from the highest-grade face until a user-
specified cant thickness is achieved. In addition, LORCAT
simulated split-taper sawing where the taper of the log is
split between opposite faces and the log is sawn parallel to
its central axis (Hallock et al. 1978).

Log and lumber market prices

To perform an accurate analysis of break-even log costs
and prices that reflect current market conditions, accurate
current log and lumber prices are required. Average red oak
log prices for the first half of 2024 were obtained from the
Kentucky Division of Forestry (2024). We used the pricing
data for Region 4, eastern Kentucky, as it has the most com-
plete data. The prices for red oak logs per thousand board
feet Doyle scale are presented in Figure 1. Market prices for
green, red oak 4/4 lumber in the Appalachian region are
shown in Figure 2 (HMR 2024b). Note that HMR does not
report prices for F1F or Selects. These prices are estimated
on the basis of the price for firsts-and-seconds (FAS) lum-
ber. F1F and Selects are approximately 0.98 and 0.95 per-
cent of the FAS price, respectively (J. Johnson, personal
communication, September 2022).

Residue prices

Average market residue prices for hardwood residue
products were obtained from an anonymous source at a pulp
and paper mill (Anonymous, personal communication, Jan-
uary 2024). For January 2024 it was reported that the aver-
age prices for hardwood chips, bark, and sawdust were $25,
$17, and $17 per ton, respectively, delivered to the mill. As
these prices do not include any transportation costs, we con-
tacted a local trucking company for a price quote to deliver

Selects 1 Common 2 Common 3 Common

$1,200.00

$1,000.00

$800.00

$600.00

$400.00

$200.00

$0.00
FAS FIF

Figure 2—Green red oak 4/4 lumber prices per 1,000 board
feet as reported by Hardwood Market Report (HMR) for June
30, 2024 (J. Johnson, personal communication, September
2022, HMR 2024b).
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the residue products to the pulp mill from a hypothetical
sawmill 50 miles away. K. Weiss (Weiss Trucking, personal
communication, February 15, 2024) stated that it depended
on the number of trailers required to park at the mill and
collect the residues and the number of loads per day deliv-
ered to the mill. On the basis of the volume of residue esti-
mated to be produced by a 12-MMBF sawmill, the distance
to the mill, and the number of trailers needed to be kept at
the mill to collect the residue, K. Weiss (Weiss Trucking,
personal communication, February 15, 2024) quoted a price
of $17 per ton to transport the residue products.

For our hypothetical mill, the cost to transport sawdust
and bark is the same as the value of the product, $17 per
ton. Thus, these residues are a break-even proposition at
best. It is important to note that if there was not a market
available for sawdust and bark, they would still need to be
disposed of. In a worst-case scenario, the sawdust and bark
are disposed of at a landfill. The average national tipping
fee is approximately $57 per ton (EREF 2024), plus the
transportation and trailer costs, resulting in a potential dis-
posal cost of $74 per ton. Although there are likely cheaper
alternatives to disposing of sawdust and bark, we present
the option of landfill disposal as the worst case.

Study design

Using a typical processing setup for an Appalachian saw-
mill and current market prices for logs, lumber, and residue
as specified above, we determined that the break-even operat-
ing cost for our hypothetical sawmill was $2,234.07 per hour
(Buehlmann and Thomas 2025). That is, with this operating
cost, the average hourly profit for the sawmill will be zero
dollars. Since the objective of a sawmill is to make a profit,
we performed the analysis such that a profit of 10 percent, or
$9052.19, was realized on the basis of a total product value
of $90,521.85 that was produced from sawing the 430-log
sample. LORCAT estimated that a 12-MMBF sawmill saw-
ing an average of 2,250 board feet per hour would require
23.7 hours to saw the sample used in this study. Thus, we cal-
culated that to achieve a 10 percent profit with log costs and
lumber prices unchanged, the operating cost would need to
be $1,852.47, resulting in an hourly profit of $381.60.

For each diameter class within each log grade, we exam-
ined the impact of what happens to log profitability when
there was plus or minus change of 20, 15, 10, 5, 2.5, 0.5, or
0.1 percent to any of the major cost/price factors: operating
cost, log cost, or lumber prices. However, we did not change
the price for residues as they make up a very small part of a
hardwood sawmill’s profitability. All changes are compared
with the baseline cost and price factors explained above (10%
profit). As operating costs and log costs increase, and lumber
prices decrease, the profit level will necessarily decrease.
Similarly, a reduction in operating costs or log costs or an
increase in lumber prices will increase profitability.

Results

LORCAT’s simulated sawing of the 430-log sample pro-
duced a total of 103,983.2 board feet of lumber. The 430-
log sample with USFS Factory log grades 1, 2, and 3 and all
SED and LED diameters produced a total profit at the stan-
dard settings of no changes to any cost and value factors of
$9,052.14 (10%). We use this processing information from
the 430-log sample to establish a level of reasonable profit
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such that the profitability of each log diameter class within
each Forest Service log grade is observable. Buehlmann
and Thomas (2025) found that a 0.1 percent change in any
of the cost/revenue factors (logs, operating cost, lumber)
resulted in a statistically significant impact on profit.
Although 0.1 percent differences were statistically signifi-
cant, the potential impact of a 0.1 percent difference in any
of these factors on day-to-day operations may be minimal
(Buehlmann and Thomas 2025). However, little knowledge
exists about how such a small percent change in cost (oper-
ating and log costs) and prices (lumber), independently or
combined, may change the characteristics of the break-even
log composition. Below we address the percent change in
costs and prices for each factor (operating and log cost,
lumber prices) independently (e.g., each factor without
changing the other factors) to determine the potential
impact they would have on the break-even log.

Operating cost

For the 430-log sample a 0.1 percent decrease/increase in
operating cost resulted in a plus/minus profit difference of
$44 or approximately 0.48 percent, as can be seen in
Table 1. Figure 3 shows the change in profit with respect to
the percent change in operating cost, log cost, and lumber
prices. Table 1 also shows that a 1.0 percent decrease in
operating cost will improve overall profit to $9,491.64 over
the initial profit of $9052.12, an increase of 4.86 percent.
Thus, the 0.1 percent change in operating cost that was
found to be significant in Buehlmann and Thomas (2025) is
magnified by a factor of 4.86 with respect to profit for our
hypothetical sawmill. Therefore, a 5 percent decrease in
operating costs is echoed by a 24.27 percent profit increase,
from $9,052.14 to $11,294.52. Similarly, a 5 percent
increase in operating cost results in a 24.27 percent profit
decrease, from $9,052.14 to $6,855.18.

Table 2 lists log profitability in US dollars by USFS Factory
log grade, SED, and by percent change in operating cost. For
example, a USFS Factory 1 25-inch SED log returns a profit of
$42.02 with the base operating cost of $1,852.47 per hour. Fur-
ther, increasing operating costs by 5.0 percent will reduce profit
on that log to $34.73. In Table 2, log grade, SED, and percent
change combinations that result in a log being sawn at a loss are
highlighted in orange. For USFS Factory Grade 1 logs,
sawing 13- and 14-inch SED logs will result in a loss when
operating cost is increased by 5.0 percent. When operating
costs increased by 20 percent, all USFS Factory 1 logs with
SEDs <21 inches became unprofitable to saw into lumber.

16,000
14,000
12,000
10,000
8,000
6,000
4,000
2,000

0
-6.0% -4.0% -2.0% 0.0% 2.0% 4.0% 6.0%

= Operating Cost == Log Cost Lumber Prices

Figure 3.—Profit by percent change in operating cost, log cost,
and lumber prices.
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Table 2—Log profit in dollars, by log grade, small-end diameter (SED), and percent change of operating cost. Orange shading

indicates where sawing resulted in a loss.

Operating cost percent change

Loggrade SED —20.0% —15.0% —10.0% —50% —-25% —0.5% —0.1% 0.0% 0.1% 05% 2.5% 50% 10.0% 15.0% 20.0%

13 1231 9.78 724 471 345 244 223 218 213 193 091
14 1441 1148 855 562 416 299 276 270 264 241 1.23
15 2162 1829 1497 1164 998 865 839 832 825 799 6.6
16 2778 2406 2034 1662 1476 1327 1297 1290 1282 1253 11.04
17 2964 2552 2141 1729 1523 1358 1325 1317 13.09 1276 1L.11

T 18 3081 2630 2178 1727 1501 1320 12.84 1275 12.66 1230 10.49

g 19 3410 2919 2428 1936 1691 1494 1455 1445 1435 1396 12.00

& 20 3854 3323 2793 2262 1997 1784 1742 1731 1720 1678 14.66
21 4290 3719 3149 2578 2293 2065 20.19 20.08 19.96 1951 1723
22 5758 5148 4538 3927 3622 3378 3330 33.17 33.05 3256 30.12 2707 2097 1487 877
23 6370 5721 5071 4421 4096 3836 37.84 3771 37.58 37.06 3446 3121 2471 1821 1172
24 6709 6019 5330 4641 4296 4020 39.65 39.51 3937 3882 3606 3262 2572 1883 11.93
25 7119 6389 56.60 4931 4567 4275 4217 4202 4188 4129 3837 3473 2744 2015 12386
10 581 416 251 086  0.04
11 458 254 049
12 341 0.97
13 3.88 1.04
14 554 230

o 15 1149 7386

2 16 1947 1544

g 17 2133 1691

= 18 2606 2124 1.95
19 2928 2407 3.19
20 3641 3080 2518 1956 1676 1451 1406 1395 1384 1339 1114 833 272
21 4377 3776 3175 2574 2273 2033 1985 1973 19.61 1913 1672 1371  7.70
22 6008  53.67 4726 4086 37.65 3509 3457 3445 3432 3380 3124 28.04 21.63 1522 88l
23 69.14 6233 5553 4872 4532 4260 4205 4192 4178 4123 3851 3511 2830 2150  14.69
24 7676 69.55 6235 5515 51.55 48.67 48.09 47.95 47.80 4723 4435 4075 3354 2634 19.14
8 048
9 139
10 501
11 515

" 12 701

S 131033

g 14 1474

£ 15 24.10
16 3331

17 39.71 34.98 30.24 2551 2315 21.25
18 46.79 41.66 36.53 3140 28.83 26.78
19 5434 48.82 4329 3776 3500 32.79
20 64.29 58.37 5245 4652 4356 41.19

20.87 20.78 20.68 2031 1841 16.05 1131 6.58 1.85
2637 2627 26.17 2576 23.71 21.14 16.01  10.88 5.75
3235 3224 3213 31.68 2947 2671 21.18 15.66  10.13
40.72  40.60 40.48 40.01 37.64 3468 2876 2283 1691

A surprising observation is that with a 15 percent increase in
operating cost, 18- and 19-inch SED Factory 1 logs became
unprofitable to saw, whereas 16- and 17-inch logs were profit-
able. There are two factors that interact and lead to this condi-
tion. First, the larger-diameter logs are more expensive. Second,
across the range of sawlog diameters, there are diameters such
that when sawn there is less waste and a greater proportion of
the log converted into lumber. Conversely, some log diameters
have a greater degree of waste where a lesser proportion of the
log is sawn into lumber. Thus, when the increased diameter
results in a greater log cost and it is not possible to saw the log
into lumber with the same degree of efficiency, the larger-diam-
eter log can result in a loss when sawn.

For USFS Factory Grade 2 logs, all logs with SEDs <15
inches were unprofitable to process with the base operating cost
(0.0% column, Table 2). Fifteen-inch SED USFS Factory 2
logs became profitable to saw only when operating costs
decreased by 5 percent, with an estimated profit of only $0.60
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(Table 2). When operating costs increase by 10 percent, sawing
logs with SEDs <19 inches is unprofitable. A 20 percent
increase results in =22-inch SED logs to be the only profitable
USFS Factory 2 logs (Table 2). Sixteen- and 17-inch SED
USEFS Factory 2 logs become unprofitable to saw when operat-
ing costs increase by =5.0 percent. For the conditions in our
analysis, =20-inch SED USFS Factory 2 logs were more profit-
able to saw at the base operating cost than USFS Factory 1 logs
(Table 2). This is due to the 27 percent higher market price of
the USFS Factory 1 logs. However, the higher operating costs
had a greater impact on the profitability of USFS Factory 2
logs. Thus, when operating costs increased, USFS Factory 1
logs became more profitable to process than USFS Factory 2
logs.

All USFS Factory Grade 3 logs with SEDs <13 inches
could not be profitably sawn at the base operating cost (0.0%
column, Table 2). USFS Factory 3 13-inch SED logs became
profitable to saw only when operating costs decreased by
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5 percent (Table 2). Further, the profit for 14-inch logs is
negative when operating costs increase by =2.5 percent and
is just $0.57 at the base operating cost. On the whole, our
analysis estimates that sawing larger-diameter (e.g., USFS
Factory 3 SED logs >16 in.) may be more profitable than
sawing USFS Factory 2 logs of the same size. However, the
log population data collected from 42 hardwood sawmills
and compiled by Wood et al. (2020) found that only 16 per-
cent of USFS Factory 3 logs had SEDs =16 inches and only
8 percent of USFS Factory 3 logs had SEDs =18 inches.

Log cost

When examining the effect of log cost changes, the base
operating cost of $1,852.47 per hour and unmodified lumber
prices as reported in Figure 2 were used. We found that a
0.1 percent decrease/increase in log cost resulted in a plus/minus
overall profit difference of approximately 0.41 percent, or $37
(Table 1). As with operating cost, the effect of a change in log

cost is magnified with respect to profit. For example, a 1.0 per-
cent change in log cost effects a 4.14 percent difference in
profit. Thus, as with operating costs, small changes can lead to
statistically significant profitability impacts (Buehlmann and
Thomas 2025).

Table 3 lists log profitability by USFS Factory log grade
and SED by percent change in log cost. All USFS Factory
Grade 1 logs were profitably sawn using the base log costs
(column 0.0%, Table 3). When log prices increased by 5.0 per-
cent, 13- and 14-inch SED logs became unprofitable to saw
(Table 3). Further increases in log costs had greater impacts
on profitability. For example, 15 and 20 percent log cost
increases caused <21-inch SED logs and all SED logs, respec-
tively, to be unprofitable to saw.

For USFS Factory Grade 2 logs, all logs with SEDs <15
inches were unprofitable to process with the base operating
cost (0.0% column, Table 3). As with the examination of
operating costs, the log cost analyses results indicate that

Table 3.—Log profit in dollars, by log grade, small-end diameter (SED), and percent change of log cost. Orange shading indicates

where sawing resulted in a loss.

Log cost percent change

Log grade SED —20.0% —15.0% —10.0% —5.0% —2.5% —0.5% —0.1% 0.0% 0.1% 05% 2.5% 50% 10.0% 15.0% 20.0%

13 10.99 8.79 6.59 438 328 240 222 218 214 196 1.08
14 1358  10.855 8.14 542 406 297 275 270 264 242 134
15 2148 18193 1490 1161 996 865 839 832 825 799 6.67
16 2857 24647 2073 1682 1486 1329 1298 1290 12.82 1251 1094 898 5.06
17 3156 26958 2236 17.77 1547 13.63 1326 13.17 13.08 12.71 10.87 857  3.98

“-b 18 3408 28746 2341 18.08 1542 1328 1286 1275 1265 1222 10.09 742  2.09

g 19 3893 3281 26.69 2057 1751 1506 1458 1445 1433 1384 1139 833 221

s 20 4516 38199 3124 2427 2079 1801 17.45 1731 17.17 16.62 13.83 1035  3.38
21 5152 43659 3580 27.94 2401 2086 2024 20.08 1992 1929 16.15 1222 436
22 6843 59.614 5080 4199 37.58 34.06 3335 33.17 33.00 3229 2877 2436 1555
23 7699  67.167 5735 4753 4262 3869 3791 37.71 3751 36.73 32.80 27.89 18.07 8.25
24 83.03 7215 6127 5039 4495 40.60 39.73 3951 3929 3842 3407 2863 1775  6.87
25  90.00 78007 66.01 54.02 48.02 4322 4226 4202 41.78
10 2.11 1.385 0.66
11 0.34
12
13
14

3 15

E 16

9 17

= 18
19
20
21
22 60.50  53.98 4747 4096 3770 35.10 34.58 3445 3432 3380 31.19 2793 2142 1491 8.40
23 7094  63.683 56.43  49.17 4554 4264 4206 4192 4177 41.19 3829 3466 2740 20.15 12.89
24 80.11 72068 64.03 5599 5197 4875 48.11 4795 4779 47.14 4393 3991 3187 2383 1579
8
9
10
11

. 12

] 13

E 14

;e% 15 1156 10.758 9.95 9.15 875 843 836 835 833 827 794 754 674 593 5.13
16 1980 18.842 1788 1693 1645 1606 1599 1597 1595 1587 1549 1501 1405 13.10 12.14
17 2527 24149 23.03 2190 2134 2089 20.80 20.78 20.76 20.67 2022 19.65 1853 17.41  16.28
18 3148  30.18 28.88  27.57 2692 2640 2630 2627 2624 26.14 2562 2497 23.66 2236 21.06
19 3822 36724 3523 3373 3298 3239 3227 3224 3221 3209 3149 3074 2924 2775 2625
20 4741 4571 44.01 4230 4145 4077 40.63 40.60 40.57 40.43 39.75 3890 3720 3549 33.79
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USFS Factory 2 SED logs =22 inches are more profitable
to saw than USFS Factory 1 logs of the same diameter
(Table 3). As explained previously, this is largely due to the
higher market price of Factory 1 logs.

All USFS Factory Grade 3 logs with SEDs <13 inches could
not be profitably sawn at the base log cost (0.0% column) or
when log costs decreased as much as 20 percent (Table 3). Fur-
ther, the profit for 14-inch logs is negative when log costs
increase by 5.0 percent or more. Additionally, even when log
prices decreased as much as 5.0 percent, the estimated profit
from a USFS Factory 3 14-inch SED log was only $1.24
(Table 3). Logs =15 inches SED were sawn profitably even
when log costs increased by as much as 20 percent.

Lumber prices

We used the base operating cost of $1,852.47 per hour and
unmodified log costs when examining the effect of lumber
value changes. We found that a 0.1 percent decrease/increase in

lumber prices resulted in a plus/minus profit difference of
approximately $89 or 0.99 percent (Table 1). As with operating
and log costs, the effect of a change in lumber prices is mag-
nified with respect to profit. For example, a 1.0 percent
change in lumber prices effects a 9.90 percent difference in
profit. As with operating and log costs, small changes in lum-
ber prices are likely to have statistically significant impacts on
profitability (Buehlmann and Thomas 2025).

For USFS Factory 1 logs all SEDs could be profitably
sawn with the base lumber prices (0.0% Column, Table 4).
Only when lumber prices decreased =2.5 percent did the
13- and 14-inch SEDs become unprofitable to saw (Table 4).
Lumber price decreases of =15 percent caused all USFS
Factory 1 logs to be sawn unprofitably.

When lumber prices increased by 5.0 percent, USFS Fac-
tory 2 15-inch SED logs and larger SEDs were profitable
(Table 4). Decreases of 5 percent in lumber prices resulted in
all SED logs up to 19 inches being unprofitable. Further,

Table 4.—Log profit in dollars, by log grade, small-end diameter (SED), and percent change of lumber prices. Orange shading

indicates where sawing resulted in a loss.

Lumber price percent change

Loggrade SED -20.0% —15.0% -10.0% —-5.0% —-2.5% —0.5%

—0.1% 0.0% 0.1% 0.5% 25% 5.0% 10.0% 15.0% 20.0%

13 1.70
14 2.12
15 7.62
16 470 880 12.08
17 3.88 853 1224
T'b 18 237 756 11.71
g 19 258 834 1294
8 20 429 1080 16.01
21 563 1285 18.63
22 16.72 2495 31.53
23 19.64 28.67 35.90
24 19.90 29.70  37.55
25 40.02
10
11
12
13
14
a 15
S 16
S 17 2.84
= 18 5.87
19 338 740
20 261 828 12.82
21 7.04 1338 1846
22 540 1992 27.18  32.99
23 9.86  25.89 33.90 4031
24 1295 3045
8
9
10
11
12
@ 13
g 14
& 15
16
17 0.36
18 333 1097 18.62 2245 2551
19 6.66 1519 2371 2797 3138

20 243 11.98 2152 31.06 3583  39.65

209 218 228 266 457 695 11.73 1650 21.28

258 270 281 327 555 840 1411 19.82 2552

8.18 832 846 9.02 11.80 1527 2223 29.18 36.14
12.74 1290 13.06 13.72 17.00 21.10 29.30 37.51 4571
1298 13.17 1336 14.10 17.81 2245 31.74 41.02 50.30
12.54 12,75 1296 13.79 1795 23.14 3352 4391 5429
13.86 1445 1432 15.62 19.85 25.61 37.12 48.63 60.14
17.05 1731 17.57 18.61 23.82 30.33 4335 5637 69.39
19.79  20.08 2037 21.52 2730 3453 4897 6342 77.87
32.84 33.17 3350 34.82 4140 49.63 66.08 82.53 98.99
3735 3771 38.07 39.52 46.75 55.78 73.86 91.93 110.00
39.12 3951 3990 4147 4932 59.12 7873 9834 117.95
41.70  42.02 42.55 84.31 105.40 126.50
3.79 6.07 8.36
1.99 4.78 7.58
0.34 3.69 7.03
0.57 4.60 8.62
2.19 6.99 11.79
8.63 1447 20.30
1037 17.38 2439 31.40

3.48 363 379 442 759 1155 1946 2738 3529

6.59 6.77 696 7.68 1128 1578 2478 33.78 42.79

8.21 841 861 941 1344 1846 2852 3857 48.63
13.72 1395 14.18 15.08 19.62 2529 36.64 4798 59.32
19.47 19.73 1998 21.00 26.07 3241 4509 57.78 70.46
3415 3445 3473 3590 41.70 4897 6349 78.01 92.53
41.59 4192 4224 4352 4993 5794 7397 90.00 106.03
100.44 117.95

26.12 2627 2642 27.04 30.10 3392 4156 4921 56.86
32.07 3224 3241 33.09 36.50 40.76 4929 57.81 66.34
40.41 40.60 40.79 41.56 4537 50.14 59.68 69.23 78.77
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lumber price decreases of =15 percent resulted in all USFS
Factory 2 logs becoming unprofitable to saw.

All SED USFS Factory 3 logs <13 inches resulted in a
loss when sawn at base lumber prices (Table 4). When lum-
ber prices decreased by =2.5 percent, 14-inch SED logs
became unprofitable to saw. Lumber price decreases of
20 percent resulted in only the 20-inch SED USFS Factory
3 log being profitable to saw. Lumber price increases of
20 percent resulted in only the 8-inch SED USFS Factory 3
log being unprofitable to saw.

Discussion

Table 5 reports the number of times any log grade and SED
combination went from being profitable to saw at the base
cost/price factors to unprofitable given a change to a single
factor. The analysis presented here examined a total of 123 log
grade and SED combinations. A 2.5 percent change in cost/
price factors resulted in a total of six log grade and SED com-
binations moving to a loss situation. Additionally, 5 and 10 per-
cent changes in the factors resulted in 9 and 17 log grade and
SED combinations, respectively, changing to a loss (Table 5).
Overall, cost/price factor changes of <5 percent resulted in a
total of 15 (12.2%) of all log grade SED combinations moving
to a loss (Table 5). Changes in the cost/price factors of 10, 15,
and 20 percent resulted in 17, 20, and 14, respectively, log
grade and SED combinations being at a loss when sawn
(Table 5). Overall, either increased operating costs, log costs,
or decreased lumber prices resulted in 65 of the 123 log grade
and SED combinations being at a loss when sawn.

Thus, although a change to a cost/price factor may be statisti-
cally significant, it does not result in large changes to what a
hardwood sawmill regards as a break-even log. However, cost
factor changes like those seen by sawmills recently with respect
to logs (Fig. 1, Kentucky Division of Forestry 2023, 2024),
operating costs (HMR 2024a), and lumber prices (HMR 2024b)
are likely to change the break-even log definitions of most hard-
wood sawmills.

As operating and log costs decrease or lumber prices
increase, mill profitability will necessarily improve and
change the definition of the break-even log. Table 6 reports
the number of times any log grade and SED combination
went from resulting in a loss at the base cost/price factors to
being sawn at profit due to changes in the factors. At the
base operating cost, which was set to yield a 10 percent
profit given current market prices for logs and lumber, there

Table 5.—Number of times a profitable log changed to a loss
log by cost factor, log grade, and percent change.

Number of changes to loss by cost
factor percent change

Log
Cost factor grade 2.5% 5.0% 10.0% 15.0%  20.0%
Operating cost ~ Factory 1 2 3 4
Factory 2 2 2 1 1
Factory 3 1 1 1
Log cost Factory 1 2 7 4
Factory 2 4 1 1
Factory 3 1
Lumber price ~ Factory 1 2 8 3
Factory 2 2 2 2 3
Factory 3 1 1 1 3
Total 6 9 17 20 14
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Table 6.—Number of times a loss log changed to a profitable
log by cost factor, log grade, and percent change.

Number of changes to profit by cost
factor percent change

Cost factor Loggrade 2.5% 5.0% 10.0% 15.0% 20.0%
Operating cost  Factory 1
Factory 2 1 1 1 3
Factory 3 1 3 2
Log cost Factory 1
Factory 2 2 2
Factory 3
Lumber price Factory 1
Factory 2 4 4
Factory 3 1 3 1
Total 1 7 13 3 5

were 12 combinations that resulted in a loss when sawn
(Tables 2 through 4). When operating costs decreased by as
much as 10 percent, 7 of the 12 combinations became prof-
itable (Tables 2 and 6). When operating costs had decreased
by 20 percent, all logs were profitable. Decreased log cost
had the least effect, with only two combinations becoming
profitable with a 10 percent decrease, and two more with a
20 percent decrease. Increased lumber prices had the great-
est effect, with all 12 log combinations becoming profitable
with a 10 percent increase (Tables 3 and 6).

Conclusions

The break-even log analysis presented in this study repre-
sents the costs, market prices, and processing setup of a
hypothetical mill modeled after actual processing configura-
tions. Further, current market prices for lumber, logs, and
residue were used in this analysis. Thus, the setup of the mill,
the market costs, and processing volumes reflect a specific
instance of a processing environment. It is unlikely that a
sawmill will have the exact costs and processing setup as our
hypothetical sawmill. In addition, it is extremely unlikely
that any two hardwood sawmills would have nearly identical
economic and processing conditions. However, this does not
prevent an operation from using LORCAT in combination
with their mill specifications, costs, and lumber process to
identify which logs are profitable and those that will likely
result in a loss.

While performing the analysis presented here we also
examined different levels of profit, including no profit in
combination with 8 MMBF and 4 MMBF of annual produc-
tion and different processing setups. In this series of analy-
ses the same trends emerged, in essence if a log can be
profitably sawn at the base operating cost, log cost, or lum-
ber price, then cost factor changes as much as 5 percent are
unlikely to alter the profitability of any log. However, as
reported by Buehlmann and Thomas (2025), such changes
will have a significant impact on overall mill profitability.

Earlier hardwood break-even studies (Adams, 1970,
1972; Adams and Dunmire 1977) were concerned with
identifying how much could be paid for a hardwood log on
the basis of the expected resulting product value and pro-
cessing cost. Bond (2007) discussed a similar approach
using mill studies and detailed operating cost analyses. This
study took a different approach and examined which log
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diameters and grades were profitable or unprofitable to pro-
cess on the basis of changes to costs or lumber market val-
ues. As such, the results of this study can be used to
determine when the characteristics of the break-even log
need to be re-evaluated to ensure a continued profitable
operation.

In this paper we limited our analysis to examining the
impact of cost and price factors individually. The interac-
tions between these factors can either multiply or nullify
any differences with respect to profitability and the break-
even log. These interactions and their impact deserve addi-
tional study.
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