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Abstract
Understanding the financial implications of forest harvest practices aimed at increas-
ing the structural and tree species diversity in homogenous stands is crucial for 
many  landowners when making management decisions. We surveyed landowners 
interested in managing for a variety of ecosystem services and documented over 80 
harvest operations. These showed the wide range of settings, including pre-treatment 
stands conditions, under which restoration treatments can be profitable. In the docu-
mented operations, the profitability of the harvest depended mainly on a suite of fac-
tors associated with the initial stand conditions, and environmental and financial set-
tings. Treatments in stands that were previously managed for timber production had 
higher profitability due to removal of higher value trees. Applying such treatments 
in stands that already had a diversity of tree species and sizes provided less income. 
Other factors, such as slope and the amount of removal, were also influential. Four 
case studies provide examples showing how landowners adjusted their treatments 
and took advantage of beneficial settings and conditions to make treatments aimed 
at diversifying forests profitable. This, combined with an understanding that leav-
ing high value trees in the stand is an investment, made it feasible for landowners to 
achieve ecological goals within their management constraints.
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Introduction

Across a range of landscapes, many non-industrial private forest landowners are 
trying to achieve a variety of management objectives simultaneously (Zhang et al. 
2005; Blanco et al. 2015). They may encounter special challenges when their for-
ests consist of young even-aged forests which lack the diversity important for pro-
viding a range of long-term financial, social, and environmental benefits, such 
as timber, recreation, hunting, clean water, carbon storage, and wildlife habitat 
(Kohm and Franklin 1997; Isbell et al. 2011). In addition, homogeneous forests 
are of special concern due to their susceptibility to risks (Puettmann 2021), e.g., 
from wildfires (Odion et al. 2004; Thompson et al. 2007), insects (Needham et al. 
1999), diseases (Hansen et al. 2000; Koricheva et al. 2006), and blowdown (Wil-
son and Oliver 2000; Schelhaas 2008). Consequently, landowners show wide-
spread interest in applying silvicultural techniques to even-aged, homogeneous 
forests that encourage more diverse stand structures and composition (Tappeiner 
et al. 1997) through actions such as variable density thinning (Anderson and Ron-
nenberg 2013; Puettmann et al. 2015).

Existing research on financial aspects of treatments aimed at diversifying for-
ests (Adams and Latta 2005), specifically in dense, homogeneous plantations, has 
fallen short of what non-industrial private forest landowners need (Puettmann 
et al. 2015), and much of this work has focused on fuel treatments (Hjerpe and 
Kim 2008). Modeled estimates have been used to compare the long-term financial 
results of partial harvests and other ecological forestry techniques to conventional 
even-aged management (Emmingham et al. 2002; Ralston et al. 2003), indicating 
that partial harvests and similar management options may lead to similar finan-
cial outcomes over the long run. Some agencies have gathered data on financial 
outcomes of thinning and ecologically-based forest management, such as the 
Washington Department of Natural Resources. However, conclusions from these 
long-term and large-scale analyses are difficult to apply at the scale of individ-
ual restoration treatments. Non-industrial private forest landowners face unique 
constraints, typically including higher transaction costs, smaller management 
units, limited resources supporting management decisions, and the desire to real-
ize multiple ecological and financial objectives (Zhang et al. 2005; Blanco et al. 
2015). These constraints lead to the perception that there are limiting tradeoffs 
and financial performances often outweight the benefits to the ecological impacts 
of a forest management operation (Dickie et  al. 2011; Bradford and D’Amato 
2012; Halpern et  al. 2013; Himes et  al. 2020). Together with a lack of neces-
sary information, these constraints are a major reason why many landowners have 
been reluctant to apply alternative silviculture practices, such as variable density 
thinnings (Puettmann et al. 2015).

Many treatments, such as partial harvest operations, are often designed to 
mimic the processes that unfold in unmanaged natural forests as they progress 
to older seral stages (Palik et al. 2020), including fine-scale tree mortality from 
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insects, diseases, and blowdown (Lutz and Halpern 2006; Wilson and Puettmann 
2007; Anderson and Ronnenberg 2013). Over the long term, such treatment strat-
egies are hypothesized to lead to improved carbon storage, biodiversity, wildlife 
habitat, productivity, and profitability, all of which are outcomes that enhance 
forest resilience and the quality of life for forest producers and society as a whole 
(Franklin et al. 2007; Anderson and Ronnenberg 2013).

The purpose of this research was to gather data that will ultimately enhance 
landowners’ understanding of the financial aspects of treatments designed to 
diversity forests. Specifically, we aimed to provide an overview of the differ-
ent conditions which led landowners in the Douglas-fir (Pseudotsuga menziesii 
(Mirb) Franco) dominated region of western Oregon and Washington to consider 
such treatments and provide a better understanding of the financial outcomes they 
could expect.

Table 1  Major information types collected in the survey of landowners in western Oregon and 
Washington

General setting Location (county, state)

Motivation
Harvest year
Harvested acres (in single or multiple units)
Harvest type (Variable density thin, even spacing thinning, 

Selection cutting, Salvage, Clearcut)
Slope (%)
Stand age

Pre-harvest conditions Composition (single, multiple species, conifer, hardwoods)
Stand structure (one, two, multiple canopy layers)
Density (trees per acre; tpa)

Post-harvest conditions Composition (single, multiple species, conifer, hardwoods)
Stand structure (one, two, multiple canopy layers)
Density (tpa)

Harvest results Total volume removed (MBF)
Gross income ($)
Volume sold and income by log sorts (MBF, tons; $)
Damage to residual trees (tpa)

Harvest operations Skidding distance (miles)
Skidding method (cable, tractor)
Felling equipment (machine, hand-feeling)
Road building cost ($)
Logging costs ($)
Trucking costs ($)
Harvest administration costs ($)
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Methods

We developed a survey with questions that collected general information, eco-
logical settings and stand conditions pre– and post– harvest, and income and costs 
(Table 1). The full survey is provided as Supplement 1.

Data Collection and Management

Our initial goal was to create a dataset of financial results from 40 to 50 projects, 
with the aim of  analyzing results to show financial returns per volume harvested 
delineated by variables such as species type, site class, and distance from mills.

The survey was distributed in western Oregon and Washington through land-
owner groups, professional groups, extension services, consulting foresters, land 
trusts, and municipalities. Outreach was conducted through mailing lists, individual 
outreach, in-person requests, and mailers. We reached out to over 300 people indi-
vidually and over 4,000 indirectly (through mailing lists). A gift certificate to local 
forestry supply stores was offered to respondents who completed the extensive sur-
vey, to thank them for their time. The questionnaire was hosted on SurveyMonkey 
but was available in pdf or paper form by request for those facing technical barriers.

After gathering over 40 responses in the first round, we determined that the initial 
dataset did not provide sufficient information to come to robust conclusions due to 
complexity of statistical analysis stemming from the number of variables. Thus, we 
conducted a second round of data collection to add an additional 40 responses. At 
the end of the second round, we had 83 responses. Of these, only 61 and 64 had 
all variables necessary for the statistical analysis of gross income and costs, 
respectively. While these were likely not representative of all treatments designed to 
diversity forests, they reflected a wide range of conditions and treatments found in 
western Oregon and Washington (Fig. 1).

Survey data were processed and cleaned using Excel and the R language. We 
identified and corrected structural errors and data irregularities, such as mislabeled 
variables, inaccurate data types, and string inconsistencies, in selected cases by 
reviewing harvest records.

Fig. 1  Geographic location 
of survey responses. Number 
of respondents per county is 
portrayed by shading with the 
darker shades representing more 
respondents



Financial Outcomes of Harvests Aimed at Diversifying Forests…

Statistical Analysis

We focused the statistical analysis on gross income and costs. In practical terms, 
these are most critical for addressing economic aspects when assessing manage-
ment options. Two separate linear regression models were created to analyze data 
related to gross harvest income and gross costs. Gross costs included harvesting and 
trucking costs, road building, planting costs, and general administrative costs (e.g., 
consulting fees), since respondents were inconsistent in splitting their costs into 
the detailed categories. The purpose of the selected models was to statistically test 
hypotheses about how different operational factors, log sorts, and site conditions, 
which typically vary across harvest units, are associated with income and costs as 
reported by the landowners. Both models take a simple linear form, and we used 
variance inflation factors to determine possible multicollinearities. Post-estimation 
statistical tests were used to investigate the properties of the regression residuals and 
the statistical performance of the model specification. The Shapiro–Wilk test was 
used to test whether the residuals are normally distributed, the Breusch-Pagan test 
to test for constant variance of the residuals (no heteroskedasticity), and the Ram-
sey regression specification-error test (RESET) to test for functional form misspeci-
fication. Several variables reflecting interactions, e.g., volumes separated by wood 
quality or by clearcut versus other harvesting operations were included to control 
potential heterogeneity in the models. We used all survey responses with infor-
mation about gross income or costs for their respective model, but eliminated one 
outlier who reported a gross income of $53 per treated acre. After reviewing the 
survey responses and based on feedback by participants we 1) combined two slope 
categories (30–50% and > 50%, i.e., steep slopes), as both are basically treated the 
same with cable logging; versus ground logging on shallow slopes < 30%. We also 
used the label “selection” instead of “uneven-aged” to reflect that these treatments 
(selection of individuals or group of trees) were designed to start creating condi-
tions that may end up in unegen-aged stands. Because of the unbalanced numbers of 
e.g., clearcuts versus partial harvests and shallow versus steep (> 30 degree) slopes 
and the wide range of variability in conditions and outputs across harvest operations 
reported in the dataset, we used three conventional statistical significance levels 
(0.1, 0.05, and 0.01) in testing hypotheses.

Results

The results indicated that concern about stand health and restoration objectives were 
the main motivation for more than two-thirds of the landowners (Table 2). In con-
trast, financial reasons were only the main objective for about 14% (note that this is 
from a sample of only landowners who had implemented treatments to diversity for-
ests), followed by desires to follow an established management plan, and concerns 
about fire hazards.

The high standard deviations of conditions found in stand that received the 
harvesting treatments (Supplement 2, Table 1) indicated the wide range of stands 
that were targeted for restoration, instead of more standard or traditionally used 
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management goals. Also, Supplement 2 Table  2 provides an overview of the 
harvesting processes and equipment used. All types of treatments resulted in 
profitable outcomes in the reported harvesting operations (Table  3). Clearcut 
operations had the largest gross and net income per acre followed by selection 
harvests, variable density thinning and even-spaced thinnings. In contrast, the 
treatments aimed to create spatial variability, variable density thinning and selection 
harvests, had the highest harvesting costs per MBF.

The survey also showed a wide range of conditions that allowed landowners 
to implement profitable treatments that encourage diversity in forests (Fig.  2). 
On one extreme were homogeneous stands that had been managed primarily for 
timber production, where landowners implemented treatments to alter the stand 
dynamics with the goal of developing late successional characteristics. On the 
other extreme were stands that already had diverse structure and composition. In 
some of these cases, stand shifted from diverse to more homogenous conditions 
(see the upper two graphs in Fig. 2). Such treatments, which appear to counter the 

Table 2  The main motivations 
for landowners to initiate 
the harvesting operations 
represented in the survey

Harvest reason Percentage

Stand health 55
Restoration 15
Financial reason 14
Management plan 7
Fire hazard 4
No response 3
Salvage 1
Taxation requirement 1

Table 3  Averages incomes and costs in $s for the various treatment  groups (Standard deviation in 
parentheses)

Clearcut Even-thinning Variable density 
thinning

Selection All

Per acre
Gross income 8152 (9330) 3317 (1995) 4239 (5505) 5575 (4797) 5011 (5864)
Total cost 4054 (4004) 1518 (1261) 2269 (3016) 2291 (2600) 2433 (3011)
Net income 3757 (7138) 1671 (1648) 1824 (2778) 2854 (2719) 2346 (3775)
Per MBF
Gross income 618 (200) 547 (137) 551 (238) 708 (340) 595 (244)
Total cost 313 (183) 236 (152) 341 (256) 288 (189) 300 (213)
Net income 277 (324) 332 (120) 225 (180) 365 (320) 286 (241)
Harvest cost only ($/

MBF)
218 (117) 217 (93) 275 (163) 248 (170) 251 (147)

Observations 12 14 25 13 64
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goal of diversifying and creating a more vigorous forests could be due to several 
factors. For example, harvesting driven by health concerns about one species 
suffering from drought or insect damage would lead to homogenization in terms of 
species composition, as would when trees from one species are not merchantable 
yet, but trees from other species are. Also, concerns about fuel loading would 
likely result in preferentially removing a selected lower canopy layers, especially 
when it consists of a high density of flammable trees. The high variability of 
initial conditions and market factors did not allow a more sophisticated statistical 
analysis. Instead, we focused on major trends and provided case studies to 
describe how landowners adjusted their restoration treatments to ensure profits.

Fig. 2  Species composition, 
stand structure and stand density 
attributes of harvested stands 
before and after restoration 
treatments. Left distributions 
show stand attributes before 
harvesting. Gray lines represent 
a single survey and lead to the 
resulting stand attributes after 
harvesting on the right side
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Overall, the landowner responses indicated that a wide variety of harvest opera-
tions, from clearcutting to various types of treatments, such as uneven-aged selec-
tion cuttings or variable density thinnings, were financially viable in a variety of 
settings. The actual amount of gross income was mainly influenced by the amount 
but also the quality of the volume harvested (Table  3). The positive parameters 
in Table 3 indicate the additional income when selling veneer and export quality, 
although the coefficient estimate on the export sorts is not statistically significant. 
As to be expected, sorts measured in MBFs receive a much higher price than sorts 
measured in tons. Gross income is also increasing in the number of acres treated in 
clearcut harvests. This could mean that stands designated for clearcutting on average 
contain higher quality timber compared to the other treatment regimes.

In contrast, harvesting costs were influenced by a wider variety of factors. Even 
though all variance inflation factors were below 5.2 (Table 4), various factors have to 
be interpreted in context. In other words, while the coefficient estimates measure the 
marginal effects on gross costs, they should be viewed in the context of net effects. 
For example, the baseline gross cost in the estimated sample is 28,625 USD (the 
estimate for the constant term) which should be used as the reference point when 
considering the marginal effects. In both clearcuts and variable density thinnings, 

Table 4  Parameters from income and cost regression models with standard errors in parentheses

Standard errors in parentheses.
*p < 0.10, **p < 0.05, ***p < 0.01.

Gross income Gross costs

Volume in sorts measured in MBF 532.3*** (35.6)
Export sorts in MBF 215.8 (136.1)
Volume in veneer sort (MBF) 387.8*** (81.90)
Volume in sorts measured in tons 27.41*** (6.6) −4.852 (5.7)
Treated acres in clearcuts 1521.7*** (375.8) 1309.9*** (388.8)
Volume in MBF in 2017 196.2 (136.4) 361.1*** (94.3)
Volume in MBF in 2019 −68.01 (51.32) 188.2*** (35.1)
Volume in clearcuts (MBF) 62.42 (39.3)
Volume in variable density thinnings 73.42** (32.4)
Acres treated −206.6 (128.2)
Clearcut operation (yes = 1)
Slope

−32,931.6 (20,747.5)

Slope > 30 degrees (yes = 1) 29,173.2** (13,820.1)
Volume in MBF when slope > 30 degrees 88.23** (36.4)
Constant 14,330.9 (8954.1) 27,108.0*** (6564.2)
Observations 60 63
Adjusted R2 0.94 0.73
Shapiro–Wilk test (p-value) 0.23 0.40
Breusch-Pagan test (p-value) 0.41 0.41
Ramsey RESET (p-value)
Mean Variance Inflation Factor

0.20
1.63

0.50
2.81
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the volumes harvested increase the gross costs. Additionally, in the case of clearcuts 
the number of acres is also associated with increasing gross costs. However, note 
that the indicator variable for clearcut operations takes a negative value, although it 
is not statistically significant. Furthermore, costs were higher on steeper slopes, and 
the impact of volume harvested from steep slopes increased costs faster than on less 
steep slopes. Finally, the cost of harvesting in years 2017 and 2019 was higher than 
in other years.

The dependent variable is gross income and gross cost (harvesting, trucking, road 
building, planting, and general administrative costs) in US dollars. The estimated 
coefficients can be interpreted as the marginal effects from increasing the variable by 
one unit, while holding all else equal (MBF = 1000 board feet; approximately 7.18 
cubic meters for trees of the size harvested; Spelter 2002). All models presented 
in Table 4 had low variance inflation factors, indicating low multicollinearity. The 
p-values for the Shapiro–Wilk, Breusch-Pagan, and Ramsey RESET tests were all 
greater than 0.1, indicating that the model specification is valid for statistical infer-
ence purposes.

Discussion

The results indicate that treatments aimed at diversifying forests were applied in 
many diverse sets of stand conditions. Also, they showed a wide range of treatments 
in a variety of stands and marketing conditions can result in profitable harvest 
operations and provide examples of opportunities for financially feasible restoration 
activities. This is influenced by the likely bias that only landowners responded to 
our survey who saw the need for and value in such treatments. Landowners with 
different objectives, such as short-term profits were not sampled and thus these 
types of operations are not represented in the data set. The variety of ecological, 
economic, and operational conditions reflected in the dataset only allowed us to 
interpret the results of the financial analysis in the context of a suite of correlated 
factors. For one, the choice of restoration treatments (type and intensity) is partially 
influenced by the pre-harvest stand conditions and thus by the management history 
of the stand (Tappeiner et  al. 2007). The second set of influential factors was 
associated with the intended restoration goals, e.g., to what degree the treatments 
were aimed at altering stand characteristics. Thus, the larger the differences between 
past and current management goals, the more intensive treatments need to be, which 
potentially leads to more volume harvested. Third, the initial conditions as driven 
by past management, specifically when it was focused on high stand growth wood 
quality, and by the trees’ size, also influenced the economic results of treatments. 
For example, as a reproduction cut aimed at initiating tree regeneration, clearcut 
operations are typically done in older stands than thinning operations, and thus 
typically result in higher amounts of larger trees and quality logs and associated 
higher gross income (Supplement 2 Table 1). At the same time, clearcuts remove 
all trees and thus had higher harvesting costs per treated stands and per acre, but 
not per MBF than thinnings. Modifications when clearcuts are used as "restoration 
treatments" can  result in additional costs when residual trees need to be protected 
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during the harvesting operation (Note that the number for clearcuts in Supplement 
2 Table  1 is likely inflated due to the use of the mean bin values, i.e., 50 TPS 
when the bin as “ < 100). It also indicates the high total harvesting costs (and the 
per acre costs) are mainly driven by the larger amount of volume removed on 
clearcut sites. In contrast, variable density thinning and selection harvests, often 
applied in stands with a mix of species, tree sizes, and spatial arrangements, and 
designed to improve long-term timber quality and habitat structure (this includes 
removing clumps of highly valuable trees to benefit nearby patches of smaller trees). 
The higher net income per MBF for selection harvests suggests that valuable trees 
were preferentially removed compared to clearcut operations, which removes trees 
of all sizes and qualities (as reflected in the higher proportion of wood sold as 
sawtimber; Supplement 2 Table 1). At the same time, the spatial heterogeneity of 
such operations, as well as variable density thinnings resulted in higher harvesting 
costs per MBF, which are mostly due to the actual harvesting and not the planning 
efforts (Kellogg et al. 1998).

On one end of the spectrum, a past management focus on timber production often 
results in homogeneous stands with full stocking of high-value trees (Puettmann 
et al. 2009). Our results indicate a high gross income if those stands are clearcut, 
mainly because of the higher volume that is removed. Apparently, respondents 
viewed these clearcuts as treatment that qualified as diversifying forests. This sug-
gests that those stands were in conditions where the landowners decided the best 
management options was to start over, while leaving residual trees of higher ecolog-
ical values. Such treatments can act as a reference in our study as a choice that leads 
to highest immediate income. At the same time, even partial harvests in these stands 
can be profitable. If the goal of such operations is to create more diverse stand struc-
tures and thus improve forest health and aesthetics by increasing horizontal variabil-
ity in stand density. Typically, such operations include skips and gaps (Brodie and 
Harrington 2020). Compared to low thinnings typical in stands with timber objec-
tives, including gap creation in harvesting operations results in patches in which 
all trees are harvested, including the dominant and most valuable trees (Puettmann 
et  al. 2016). Replacing – or complementing – low thinnings with operations that 
harvest patches or rows of trees has been shown to increase harvester productivity 
(Bergström et  al. 2022). At the same time, the spatial variability complicates the 
actual harvesting operations and thus increases the total harvesting cost per MBF. 
The addition of gaps in thinning operations had likely little or no impact on planning 
and layout costs (Kellogg et al. 1998). In contrast, the shape of harvested patches 
resulted in lower harvesting costs on steep units, if the patches were shaped to align 
with skyline corridors (Kellogg et al. 1996), Also, the chosen thinning methods has 
an impact on size and volume of removed trees (Grigoreva et al. 2022) and thus eco-
nomic outcomes. In contrast to low thinning, when treatments aim to maintain the 
diversity of tree sizes and thus harvest trees across the whole diameter range, larger, 
higher value trees are also removed, with the associated positive impact on revenues 
and average harvesting costs (Kluender et al. 1997).

On the other end of the spectrum of initial stand conditions, a history of lim-
ited management often results in stands with variability in tree species, stand struc-
ture, and density (Tappeiner et al. 2007; Williams and Powers 2019). Treatments to 
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diversify  such stands are typically not aimed at removing the majority of high-value 
trees. In contrast to clearcutting, such partial harvest operations are aimed, among 
other goals, at “improving” the stand inventory (“improvement cuts” in the sense 
of the term as used by the Society of American Foresters, i.e., they preferentially 
remove smaller and lower quality trees (Dodson et al. 2012; Puettmann et al. 2016). 
Under these conditions, the lower overall income of the individual restoration treat-
ment when compared to clearcutting operations is partially due to leaving higher-
value, more vigorous residual trees for future harvest and thus needs to be viewed 
as an investment into future stand conditions. Our results suggest that even in stands 
designated for selection, i.e., not suitable for the other treatments, valuable trees 
were removed and sold to make the operation profitable. In contrast, once desired 
stand structure and composition are achieved, harvest treatments in these types of 
stands will become even more profitable, as fast-growing, high-value trees can then 
be removed in greater numbers (Roessiger et al. 2016).

The influence of past management and specific goal of the treatments are also 
reflected in the harvest costs. As indicated above, owners who had managed stands 
to be more homogeneous were also more likely to implement clearcuts and evenly 
spacing thinnings. Operating in stands with trees of homogeneous size, higher 
quality, and even spacing can be done fairly efficiently, which is reflected in lower 
harvest cost in stands with higher proportions of sawtimber. In contrast, selection 
harvests in stands with a range of species, tree sizes (canopy layers) and densities 
resulted in higher harvest costs (Kellogg 1996; Kellogg, Milota, and Stringham 
1998; Kellogg and Spong 2004). This was likely due to a combination of the vari-
ability in harvested trees in terms of size and quality, the lower harvest volume, and 
the additional effort necessary to protect the remaining growing stock.

The higher gross income when harvesting more volume and larger units is not 
surprising. Besides the impact of selling more volume, this may be part of a feed-
back loop, where positive market conditions increase the owners’ propensity to har-
vest. Thus, the prospect of higher gross income likely led the owner to harvest larger 
volumes and apply their harvest prescription to larger units. In contrast, when log 
prices are lower, owners do the minimum to achieve their management goals, hop-
ing for better markets at the time of their next entry. Potential interacting factors 
include that larger harvest volumes may attract loggers who have newer, more effi-
cient equipment or are willing to market higher value products. Alternatively, larger 
volumes may provide a better negotiating position when setting log prices. This 
suggests that landowners would benefit from combining several harvest treatments 
into a single contract. As such, our results indicate potential financial benefits of 
landowner collaborations, e.g., by coordinating harvests and negotiations of wood 
prices, in addition to other social and ecological benefits (Fischer et al. 2019).

In addition to the factors discussed above, unfavorable terrain, specifically on 
steeper slopes, resulted in higher harvesting costs. This was also found in other stud-
ies, as cable yarding is more expensive than ground-based logging (Kellogg and 
Davis 2006; Kellogg et al. 1986). Our study conditions did not allow us to statisti-
cally quantify the influence of skidding distance, which has been shown to have an 
impact on logging costs (Kellogg and Spong 2004; Hossain 1998). Both of these 
factors are of special concern when harvesting smaller trees (Pan et  al. 2008), as 
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is typically done in thinning operations (see stand ages in Supplement 2 Table 1). 
Harvesting costs are also influenced by the planning procedures, e.g., how much 
extra work is needed in partial versus clearcut operations in terms of timber cruis-
ing, marking, and skid trail design (Renzie and Han 2008). Much efficiency can be 
gained when operational constraints are considered in the treatment planning, e.g., 
gaps are aligned with cable corridors for efficient skidding, and the use of new tech-
nology, such as GIS, GPS, and Lidar (K. Puettmann, pers. observation). Also, our 
sample was not sufficient to sort out specific impacts of harvesting methodologies 
and equipment due to the low sample size and because some of these factors are cor-
related with other variables, e.g., the statistical impact of the choice of ground based 
versus cable logging is reflected in the impact of the slope variable.

Finally, it is important to note that the data from the survey of past restoration 
practices is likely biased towards settings in which landowners expected a profitable 
outcome. It can be assumed that restoration treatments that were expected to pro-
vide no income or have high costs were likely not implemented as frequently or not 
reported. Thus, rather than providing summary information reflecting all possible 
partial harvest or other treatments aimed at diversifying forests, our sample provides 
examples under which conditions these treatments could be done to achieve owner-
ship goals with financially viable treatments.

Case Studies

The following four case studies provide examples of treatments aimed at diversi-
fying forests in various settings. A summary of the general setting and financial 
outcomes are provided in Table 5, with more details in the text. The first two case 
studies describe treatments in stands with already high structural (case study 1) and 
compositional (case study 2) diversity. The next two case studies describe restora-
tion treatments in plantations with results driven by the high quality of harvested 
material (case study 3) and a combination of the setting and the amount of harvested 
material (case study 4). For the last case study, we provide more detail on the finan-
cial factors that went into the decision by the landowners not to clearcut, but instead 
to implement a partial harvest. In combination, these case studies provide examples 
in a variety of ecological and financial settings of how landowners managed their 
treatments to take advantage of desirable circumstances to make these treatments 
profitable and thus possible in order to achieve a suite of management goals.

Case study 1 is an example of a selection harvest in a mature Douglas-fir-
dominated stand that yielded solid financial returns per acre despite a light harvest 
prescription that removed just 16% of the pre-harvest volume of 50 MBF per acre. 
When planning the harvest, it became obvious that much of the area could not be 
treated due to stream buffers and steep slopes, leaving only nine acres accessible for 
thinning. The ownership goals were to improve stand health and improve wildlife 
habitat in the short term, while making the forest more resilient to climate change 
and enhancing biodiversity in the long term. After harvest, some small openings 
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in the stand were planted to fill in gaps in the canopy and initiate a new cohort of 
western red cedar.

Logging and hauling costs amounted to about 45% of gross revenue—a relatively 
low percentage for such a small job. This low fraction likely resulted from the high 
prices realized for the relatively large and high-quality logs, which were mostly 
sold for export. The profitability of the harvest also benefited from short hauling 
distances, which ranged from 10 miles for pulp and sawlogs to 48 miles for export 
logs. The $8200 cost of harvest administration, paid to a consultant, represents 14% 
of the gross revenue from the job—an unusually high fraction that reflects the fixed 
costs of initiating and overseeing a harvest job, regardless of its size, but potentially 
justified due to the need for marking trees and oversight of the harvest operation. 
Nevertheless, owing to the value of these high-quality logs from this mature stand, 
this harvest returned significant profit despite its small scale.

Case study 2 represents the results of a harvest in a 40- to 60-year- old mixed-
species stand of Douglas-fir, western hemlock, and true fir in the Cascade foothills. 
The second-growth forest had been clearcut in the 1970s by the previous owners and 
the stand established with substantial amounts of natural regeneration, leading to the 
higher species diversity. Due to a pre-commercial thinning about 30 years ago the 
stand was not overstocked, with under 200 stems to the acre before the harvest. A 
major factor influencing the financial results was that the harvest operation stretched 
out across three seasons of logging, owing to equipment breakdowns, seasonal con-
straints on operability of the terrain, and the logger’s intermittent availability. Nev-
ertheless, the landowner realized solid financial returns from the removal of about 
one-third of the standing merchantable volume.

Even though this harvest took place in a younger stand than case study 1, this 
harvest yielded a similar net income per acre. Reasons for this included a slightly 
more aggressive prescription (removing more volume per acre) and the economies 
of scale when implementing a harvest across 48 instead of 9 acres, even though the 
advantage of scale was mitigated by the duration of the harvest operation across 
three successive years. This resulted in higher mobilization costs, which in this 
case were absorbed by the logger, who had bid a fixed percentage of the logs’ sell-
ing price (50 percent, including hauling). Spreading the harvest across three years 
hedged the owner against the market risk of fluctuations in log prices, in this case 
resulting in the marketing of logs in eight different sorts, from export logs to chip-n-
saw, reflecting changes in market demands and prices.

Case study 3, as well as case study 4, is an example of treatments aimed at 
diversifying forests that are fairly common and a result of changing ownership 
values, specifically when values of current owners do not match the ownership 
values at the time of stand establishment. In the Pacific Northwest, millions of 
acres of even-aged, monoculture Douglas-fir plantation were successfully estab-
lished in the 1980s and are now the subject of treatments aimed at increasing 
within-stand diversity or accelerate development of late successional structures 
(Olson and Van Horne 2017). As indicated in the statistical analysis, the influ-
ence of past treatments was a major factor driving the financial results. For this 
stand, the gross income was heavily driven by past management which had led 
to the presence of high-value trees, with the majority sold as peeler logs, about 
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one-third as chip’n’saw (the lowest grade above pulpwood), and 10 percent as 
pulpwood. Major costs associated with the harvesting included the logger, who 
received 50% of the gross receipt, and about $ 1,800 in road building costs. The 
owners avoided administrative costs, estimated to total between $ 4,000 and $ 
8,000, by overseeing the harvest themselves.

Case study 4 focused on a 38-year-old third-growth Douglas-fir plantation that 
had been established in 1982 following a clearcut harvest of the second-growth for-
est. The density prior to the harvest suggested that a pre-commercial thinning had 
been fairly light and the stand had not been commercially thinned. The stand was 
fully stocked and the pre-treatment volume reflects the high site quality. Motivated 
by a desire to generate recurring income over time from her forest and to reduce 
fire hazard, the owner opted for a commercial thinning instead of a clearcut harvest. 
This treatment consisted of a variable density thinning that was not very intense. 
However, as indicated by the post-thinning density range, the treatment increased 
the spatial variability of the remaining trees. The main product was rough peeler 
logs averaging 9 inches in diameter, with a range of diameters from 4 to 20 inches. 
Key elements that lead to the profitability of this treatment included the simplicity 
of the plan and permitting process, which kept harvest administration fees to just 
under $3,000; the flatness of the terrain (maximum slope 5 percent); and the short 
hauling distance (20 miles).

Since in case study 4 the landowner considered the choice of whether to thin or 
clearcut the stand, we explored the financial implications of the landowner’s option 
to clearcut or harvest the stand through multiple entries over time. We calculated 
the combined value of the residual stand plus the net harvest income and the net 
income the landowner could have achieved if they had opted to clearcut instead. The 
value of the standing timber left behind after thinning was estimated using standard 
appraisal methods by deducting the estimated logging and hauling costs from the 
estimated selling price of the standing timber.

In this instance, the residual stand was estimated to contain 198 MBF of stand-
ing saw timber, valued at $80,000—a net stumpage value of just over $400 per 
MBF. The $13,500 net income to the landowner from the partial harvest represents 
a “withdrawal” of principal from the forest’s balance of growing stock, while leav-
ing $80,000 worth of timber to continue growing. Thinning operations in this region 
lead to natural regeneration of a variety of species (Kuehne and Puettmann 2008; 
Dodson et al. 2014), but successful establishment of a new cohort may require some 
investment in regeneration, e.g., repeated canopy openings (Shatford et  al. 2009), 
weeding, or pre-commercial thinning (Berger et  al. 2012). Because of the uncer-
tainty of the treatment needs, timing, and extent, we did not include regeneration 
costs for this scenario.

In contrast, if the landowner had clearcut the stand, they would have realized 
much higher gross revenues immediately, as a result of removing approximately 
three times the timber volume and incurring lower logging costs per unit volume 
(due to greater ease of operations). The removal of 292 MBF of sawlogs would 
have yielded approximately $118,000 in net harvest income before taxes. The owner 
would have incurred reforestation costs estimated at $12,000 for the 20-acre stand 
($600 per acre), reducing her net cash income to $106,000.
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In the short run, the difference in income between a clearcut and the chosen par-
tial harvest is about $12,500. This is due in part to the higher per-MBF cost of a 
thinning harvest compared with a clearcut harvest, minus the cost of reforestation 
(not addressed in the thinning scenario). This can be viewed as an investment into 
the stand and payment for all the ecological and social benefits of partial harvests. A 
majority of non-industrial private forest landowners in the region appear to be very 
interested in these benefits, especially scenic and wildlife related values (Creighton 
et  al. 2002). Especially landowners with timber and non-timber related objectives 
have been shown to be willing to invest in such benefits (Kline et al. 2000).

Conclusion

Our survey responses indicated that the majority of the reported harvesting activities 
aimed at diversifying forests were initiated by concerns about stand health and eco-
logical goals, even though economic outcomes will always be part of any manage-
ment decisions. Keeping in mind that our sample of activities did not include treat-
ments with a main economic focus, this result reflects findings about the diversity 
of motivations of people for owning and managing forest lands, with an emphasis 
on scenic and wildlife related values (Creighton et al. 2002). Recent trends suggest 
that this set of values is becoming more common with woodland owners (Sass et al. 
2023). Our results highlight financial implications for landowners that are interested 
in exploring options to emphasize ecological values as it is reflected in their forest 
ownerships. Also, landowners interested in restoration treatments may interpret their 
role in a different context. When the lower combined value of the remaining stand 
and removed material is purely a function of the higher cost of more labor-intensive 
selection harvests, they may see this as a contribution to the local economy. How-
ever, the relatively lower income from harvests aimed at diversifying forests com-
pared to standard clearcutting operations is partially offset as assets (merchantable 
trees) remain on the land and thus the stand growth in the next few years will be 
higher due to the residual trees’ growth response to the increased growing space 
(Dodson et al. 2012; Dagley et al. 2018). A more complete financial comparison of 
the two type of management approaches would, require projections of future cash 
flows and alternative investments to be able to determine and compare the resulting 
net present values of the two alternatives.

The reported operations, including the four case studies, highlight the variety of 
ecological, economic, and operational settings in which landowners were able to 
implement restoration treatments, while at the same time obtaining income from 
their forests. Specifically, the findings show how landowners accommodated differ-
ent initial stand conditions as well as different environmental and financial settings 
to implement profitable restoration treatments (Table 4). For example, owners took 
advantage of low transportation or low administration costs to enter stands which 
otherwise would not have been profitable due to small acreage or low harvest vol-
umes. In other cases, entering dense areas within stands of high-value trees allowed 
them to make more expensive harvest operations in other parts of the stand profit-
able. Where stands were too young to have high-value trees, landowners resorted to 
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more intensive operations to ensure sufficient harvest volume. All of these factors 
allowed owners to obtain financial benefits, manage stands for more structural and 
compositional diversity and the associated benefits in terms of a more diverse under-
story plant community (Ares et  al. 2010; Davis and Puettmann 2009), contribute 
to the local economy in the short and long term through more frequent, repeated 
entries. Notwithstanding assertions that harvest methods other than clearcutting 
are less efficient in removing wood from a site, the results from this survey demon-
strates that landowners (at least those who responded to the survey) may emphasize 
instead the potential ecological benefits of viewing partial harvesting, i.e., the trees 
remaining after harvests, as an investment in the medium-term productivity of the 
stand. Associated changes in stand structure and composition can even help prepare 
forests for future conditions, e.g., by increasing the likelihood of providing selected 
ecosystem services despite the impacts of anthropogenic climate change (Neill and 
Puettmann 2013). Finally, any treatment needs to be viewed as part of a long-term 
management strategy. Landowners should be prepared for careful monitoring and 
potentially follow-up treatment to ensure development towards the desired stand 
structure and composition (Dodson et al. 2014).

Supplementary Information The online version contains supplementary material available at https:// doi. 
org/ 10. 1007/ s11842- 024- 09582-2.

Acknowledgements We acknowledge Dan Stonington for his inspiration to start the project, Lindsay 
Malone for her help in project launch and data collection, several colleagues for the insightful and 
constructive reviews at different stages of the work, and all the landowners who took the time to fill out 
the survey. We thank Sara Loreno for help with data management and two reviewers for their insightful 
comments. Funding was provided by the United States Department of Agriculture National Institute of 
Food and Agriculture Award No. 2017-68006-26349 and the Edmund Hayes Professorship in Silviculture 
Alternatives.

Funding Funding was provided by the United States Department of Agriculture National Institute of 
Food and Agriculture Award No. 2017–68006-26349 and the Edmund Hayes Professorship in Silvicul-
ture Alternatives.

Availability of data and material The data can be provided upon request.

Code availability Not applicable.

Declarations 

Competing interests The authors declare no conflict of interests.

References

Adams DM, Latta GS (2005) Costs and regional impacts of restoration thinning programs on the national 
forests in eastern Oregon. Can J For Res 35:1319–1330

Anderson PD, Ronnenberg KL (2013) Density management in the 21st century: west side story. PNW-
GTR-880. Pacific Northwest Research Station, USDA Forest Service, Portland, OR.

Ares A, Neill AR, Puettmann KJ (2010) Understory abundance, species diversity and functional attribute 
response to thinning in coniferous stands. For Ecol Manage 260:1104–1113

https://doi.org/10.1007/s11842-024-09582-2
https://doi.org/10.1007/s11842-024-09582-2


 K. J. Puettmann et al.

Berger CA, Puettmann KJ, McKenna J (2012) Understory response to repeated thinning in Douglas-fir 
forests of western Oregon. J Sust For 31:589–605

Bergström D, Fernandez-Lacruz R, de la Fuente T, Höök C, Krajnc N, Malinen J, Nordfjell T (2022) 
Effects of boom-corridor thinning on harvester productivity and residual stand structure. Int J For 
Eng 33:226–242. https:// doi. org/ 10. 1080/ 14942 119. 2022. 20582 58

Blanco V, Brown C, Rounsevell M (2015) Characterising forest owners through their objectives, 
attributes and management strategies. Eur J For Res 134:1027–1041

Bradford JB, D’Amato AW (2012) Recognizing trade-offs in multi-objective land management. Front 
Ecol Env 10:210–216

Brodie LC, Harrington CA (2020) Guide to variable-density thinning using skips and gaps. Gen. 
Tech. Rep. PNW-GTR-989. Portland, OR: US Department of Agriculture, Forest Service, Pacific 
Northwest Research Station.

Creighton JH, Baumgartner DM, Blatner KA (2002) Ecosystem management and nonindustrial private 
forest landowners in Washington State, USA. Small-Scale For Econ Manage Pol 1:55–69

Dagley CM, Berrill J-P, Leonard LP, Kim YG (2018) Restoration thinning enhances growth and diversity 
in mixed redwood/Douglas-fir stands in northern California, USA. Rest Ecol 26:1170–1179

Davis LR, Puettmann KJ (2009) Initial response of understory vegetation to three alternative thinning 
treatments. J Sust for 28:904–934

Dickie IA, Yeates GW, St John MG, Stevenson BA, Scott JT, Rillig MC, Peltzer DA, Orwin KH, 
Kirschbaum MU, Hunt JE (2011) Ecosystem service and biodiversity trade-offs in two woody 
successions. J Appl Ecol 48:926–934

Dodson EK, Ares A, Puettmann KJ (2012) Early responses to thinning treatments designed to accelerate 
late successional forest structure in young coniferous stands of western Oregon, USA. Can Jour for 
Res 42:345–355

Dodson EK, Burton JI, Puettmann KJ (2014) Multiscale controls on natural regeneration dynamics after 
partial overstory removal in Douglas-fir Forests in western Oregon, USA. For Sci 60:953–961

Emmingham WL, Oester P, Bennett M, Kukulka F, Conrad K, Michel A (2002) Comparing short-term 
financial aspects of four management options in Oregon: implications for uneven-aged management. 
Forestry 75:489–494

Fischer AP, Klooster A, Cirhigiri L (2019) Cross-boundary cooperation for landscape management: 
collective action and social exchange among individual private forest landowners. Lands Urb Plan 
188:151–162

Franklin JF, Mitchell RJ, Palik BJ (2007) Natural disturbance and stand development principles for 
ecological forestry. General Technical Report NRS-19. USDA Forest Service, Northern Research 
Station. Newtown Square, PA.

Grigoreva O, Runova E, Savchenkova V, Hertz E, Voronova A, Ivanov V, Shvetsova V, Grigorev, I (2022) 
Comparative analysis of thinning techniques in pine forests. Jour For Res 1–12.

Halpern BS, Klein CJ, Brown CJ, Beger M, Grantham HS, Mangubhai S, Ruckelshaus M, Tulloch 
VJ, Watts M, White C, Possingham HP (2013) Achieving the triple bottom line in the face of 
inherent trade-offs among social equity, economic return, and conservation. Proc Nat Acad Sci 
110:6229–6234

Hansen EM, Stone JK, Capitano BR, Rosso P, Sutton W, Winton L, Kanaskie A, McWilliams MG (2000) 
Incidence and impact of Swiss needle cast in forest plantations of Douglas-fir in coastal Oregon. 
Plant Dis 84:773–778

Himes A, Puettmann KJ, Muraca B (2020) Trade-offs between ecosystem services along gradients of tree 
species diversity and values. Eco Serv 44:101133

Hjerpe EE, Kim Y-S (2008) Economic impacts of southwestern national forest fuels reductions. J For 
106:311–316

Hossain MM (1998) Young stand thinning in western Oregon: cost comparison of harvesting alternatives 
and comparison of time study techniques. PhD-thesis Oregon State University, Corvallis, OR

Isbell F, Calcagno V, Hector A, Connolly J, Harpole WS, Reich PB, Scherer-Lorenzen M, Schmid B, 
Tilman D, van Ruijven J (2011) High plant diversity is needed to maintain ecosystem services. 
Nature 477:199–202

Kellogg LD (1996) A comparison of logging planning, felling, and skyline yarding costs between 
clearcutting and five group-selection harvesting methods. West J Appl For 11:90–96

Kellogg LD, Davis CT (2006) Tractor thinning productivity and costs: Experience from the Willamette 
Young Stand Project. Research Contribution 48. Forest Research Laboratory, Oregon State 
University, Corvallis, OR.

https://doi.org/10.1080/14942119.2022.2058258


Financial Outcomes of Harvests Aimed at Diversifying Forests…

Kellogg LD, Spong B (2004) Production and cost of cut-to-length thinning: Experience from the 
Willamette Young Stand Project. Research Contribution 47. Forest Research Laboratory, Oregon 
State University, Corvallis, OR.

Kellogg LD, Olsen ED, Hargrave MA (1986) Skyline thinning a western hemlock-Sitka spruce stand: 
harvesting costs and stand damage. Report No. 53, Forest Research Laboratory. Oregon State 
University, Corvallis, OR.

Kellogg LD, Milota GV, Stringham B (1998) Logging planning and layout costs for thinning: Experience 
from the Willamette Young Stand Project. Research Contribution 20. Forest Research Laboratory, 
Oregon State University, Corvallis, OR.

Kline JD, Alig RJ, Johnson RL (2000) Fostering the production of nontimber services among forest 
owners with heterogeneous objectives. For Sci 46:302–311

Kluender R, Lortz D, McCoy W, Stokes B, Klepac J (1997) Removal intensity and tree size effects on 
harvesting cost and profitability. For Prod J 48:54–59

Kohm KA, Franklin JF (1997) Creating a forestry for the 21st century: The science of ecosystem 
management. Island Press, Washington DC

Koricheva J, Vehviläinen H, Riihimäki J, Ruohomäki K, Kaitaniemi P, Ranta H (2006) Diversification of 
tree stands as a means to manage pests and diseases in boreal forests: myth or reality? Can J For Res 
36:324–336

Kuehne C, Puettmann KJ (2008) Natural regeneration in thinned Douglas-fir stands in western Oregon. J 
Sust For 27:246–274

Lutz JA, Halpern CB (2006) Tree mortality during early forest development: a long-term study of rates, 
causes, and consequences. Ecol Mono 76:257–275

Needham T, Kershaw JA, MacLean DA, Su Q (1999) Effects of mixed stand management to reduce 
impacts of spruce budworm defoliation on balsam fir stand-level growth and yield. North J Appl For 
16:19–24

Neill A, Puettmann KJ (2013) Managing for adaptive capacity: thinning improves food availability for 
wildlife and insect pollinators under climate change conditions. Can J For Res 43:428–440

Odion DC, Frost EJ, Strittholt JR, Jiang H, Dellasala DA, Moritz MA (2004) Patterns of fire severity and 
forest conditions in the western Klamath Mountains, California. Cons Bio 18:927–936

Olson DH, Van Horne B (2017) People, forests, and change: lessons from the Pacific Northwest. Island 
Press, Washington, DC

Palik BJ, D’Amato AW, Franklin JF, Johnson KN (2020) Ecological silviculture: foundations and 
applications. Waveland Press, Long Grove, IL

Pan F, Han H-S, Johnson LR, Elliot WJ (2008) Production and cost of harvesting, processing, and 
transporting small-diameter (< 5 inches) trees for energy. For Prod J 58(5):47–53

Puettmann KJ (2021) Extreme events: managing forests when expecting the unexpected. J For 
119:422–431

Puettmann KJ, Coates KD, Messier C (2009) A Critique of silviculture: Managing for complexity. Island 
Press, Washington, DC

Puettmann KJ, Wilson SM, Baker SC, Donoso PJ, Drössler L, AmenteG HBD, Knoke T, Lu Y, Nocentini 
S (2015) Silvicultural alternatives to conventional even-aged forest management-what limits global 
adoption? For Ecosys 2:1–16

Puettmann KJ, Ares A, Burton JI, Dodson EK (2016) Forest restoration using variable density thinning: 
Lessons from Douglas-fir stands in western Oregon. Forests 7:310

Ralston R, Buongiorno J, Schulte B, Fried J (2003) WestPro: A computer program for simulating uneven-
aged Douglas-fir stand growth and yield in the Pacific Northwest. PNW-GTR-574 USDA Forest 
Service, Pacific Northwest Research Station, Portland, OR.

Renzie C, Han HS (2008) Harvesting productivity and cost of clearcut and partial cut in interior British 
Columbia. Can J For Environ Sci 24:1–14

Roessiger J, Ficko A, Clasen C, Griess VC, Knoke T (2016) Variability in growth of trees in uneven-aged 
stands displays the need for optimizing diversified harvest diameters. Eur J For Res 135(2):283–295

Sass EM, Butler B, Caputo J, Huff ES (2023) Trends in United States family forest owners’ attitudes, 
behaviors, and general characteristics from 2006 to 2018. For Sci 69:689–697

Schelhaas M (2008) The wind stability of different silvicultural systems for Douglas-fir in the 
Netherlands: a model-based approach. Forestry 81:399–414

Shatford JPA, Bailey JD, Tappeiner JC (2009) Understory tree development with repeated stand density 
treatments in coastal Douglas-fir forests of Oregon. West J Appl For 24:11–16



 K. J. Puettmann et al.

Spelter, H. (2002). "Conversion of board foot scaled logs to cubic meters in Washington State, 1970–
1998." U.S. Department of Agriculture, Forest Service, Forest Products Laboratory.

Tappeiner J, Huffman D, Marshall D, Spies T, Bailey J (1997) Density, ages, and growth rates in old-
growth and young-growth forests in coastal Oregon. Can J For Res 27:638–648

Tappeiner JC, Maguire DA, Harrington TB (2007) Silviculture and ecology of western US forests. 
Oregon State University Press, Corvallis, OR

Thompson JR, Spies TA, Ganio L (2007) Reburn severity in managed and unmanaged vegetation in a 
large wildfire. PNAS 104:10743–10748

Williams N, Powers M (2019) Medium-term effects of active management on the structure of mature 
Douglas-fir (Pseudotsuga menziesii) stands. Ecosphere 10:e02830

Wilson JS, Oliver CD (2000) Stability and density management in Douglas-fir plantations. Can J For Res 
30:910–920

Wilson DS, Puettmann KJ (2007) Density management and biodiversity in young Douglas-fir forests: 
Challenges of managing across scales. For Ecol Manage 246:123–134

Zhang Y (2005) Multiple-use forestry vs forestland-use specialization revisited. For Pol Econ 7:143–156

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps 
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of such publishing agreement and 
applicable law.


	Financial Outcomes of Harvests Aimed at Diversifying Forests in Western Oregon and Washington
	Abstract
	Introduction
	Methods
	Data Collection and Management
	Statistical Analysis

	Results
	Discussion
	Case Studies

	Conclusion
	Acknowledgements 
	References


