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Abstract: Family forest owners affect the ecosystem services that forests provide and, thus, their
management decisions are of interest to the forestry sector. There are many programs available
to help family forest owners reduce the management costs, some of which involve a reduced tax
burden in exchange for active management. Research Highlights: this study is the first to examine the
family forest owners enrolled in a statewide forest property taxation program in Michigan in order to
understand how parcel characteristics affect management decisions. Background and Objectives:
the goal is to understand the relationships between parcel characteristics and family forest owner
management decisions for these program enrollees. Materials and Methods: a dataset of enrollment
information was compiled and cleaned, which resulted in 20,915 unique forest stands in the state.
Key variables analyzed via multinomial regression include stand condition, size, density, forest types,
and forest practices. Results: region, forest type, and stand size significantly predicted forest practices.
Conclusions: given that stand and parcel characteristics significantly predict forest practice, it may be
useful to use these data, rather than self-reported management data from the owners themselves in
order to understand future management trajectories of private forests. These data also describe forest
practices of enrollees in a tax program, demonstrating that the program is successfully incentivizing
management and shedding light on how these programs can promote conservation and stewardship
of private forests.

Keywords: family forest owner; property taxation; silviculture; multinomial regression; Michigan

1. Introduction

Family forest owners control the plurality (36%) of forestland in the United States [1].
Because of this and their contributions to abundant, clean water, wildlife habitat, wood
fiber, recreation, and other ecosystem services, it is important to understand the land
they own, what it looks like, and how it is managed. Importantly, state programs exist in
order to incentivize family forest owners to manage their land for the consistent provision
of these ecosystem services. We analyzed family forest owners that were enrolled in
Michigan’s Qualified Forest Program, a statewide tax incentive program. Currently, much
of the literature aimed at evaluating conservation incentive programs focuses on counting
tangible outputs that are easy to quantify and measures, such as the number of management
plans developed, or tons of phosphorus retained, for example [2,3]. No such studies that
we have found assess the relationship between parcel characteristics and management
practices through a taxation program enrollee case study.

By USFS definitions, family forests are lands that include at least one acre, are 10%
stocked with trees, and that are owned by individuals, married couples, family estates and
trusts, or other groups of individuals who are not associated as a legal entity. The average
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age of the family forest owner (primary decision maker) is 62 years old. Primary decision
makers of family forests are predominately white (95%) and male (79%) [1]. Five percent of
family forest owners own between one and nine acres of woods (or forest). Family forest
owners that own at least ten acres account for 95% of the acres of private woods (or forest)
in the United States (USDA, Washington, DC, USA, 2015), but only 37% of the total number
of owners [1]. Given these characteristics of the United States’ family forest resource, one
can conclude that the actions that are taken by family forest owners can have great and
long-lasting impacts on the country’s forests and overall quality of life. In Michigan, nearly
45% of the state’s 20 million acres of forestland is owned and maintained by family forest
owners [4]. Michigan is estimated to have approximately 375,000 family forest owners and
nearly half own less than ten wooded acres [5]. Communicating with this group is difficult,
because there is no complete record of forest ownership in the state. Property tax records
do not indicate whether a parcel is forested.

Family forest owners are confronted with myriad challenges in owning and managing
forestland. Property taxes, the cost of ownership, and market uncertainty all exist as
challenges in maintaining ownership of a forested property. Increasing forest fragmentation,
as well as an increasing number of family forest owners, creates challenges in managing
forestland for specific objectives. Conway et al. (2003) show that many factors affect family
forest owner management behavior. Bequest motives, debt, and non-market activities
(hunting, hiking, wildlife observation, etc.), as well as the usual harvesting decisions, are
interrelated and depend on landowner preferences, market, and land characteristics [6].
Other factors, such as absenteeism, forest parcel size, and non-timber preferences, are also
important in landowner decisions [6].

Policymakers and stakeholders have long sought to incentivize family forest owners
to actively manage their woodlands. Several incentive programs were established, such as
forest management planning, financial assistance for implementing conservation practices,
and technical assistance through The Agriculture Act of 2014 (Farm Bill), The Environ-
mental Quality Incentives Program (EQIP), Conservation districts (CDs), and the Forest
Stewardship Program, for example. The Qualified Forest Program (QFP) and Commercial
Forest Reserve Program are Michigan’s two current forestland tax programs. Both of the
programs offer unique tax reductions for following a written forest management plan that
is developed by a private sector professional forester.

The developing paradigm for understanding family forest owner behaviors and
motivations has suggested that non-monetary benefits are paramount in shaping how
they view and manage their forests, even when there are financial benefits to be had for
particular practices [7]. Koontz (2001) found that financial incentives do not necessarily
encourage management activities, but rather utilize public funding in order to subsidize
those that are already managing. Potter-Witter (2005) sought to understand whether
forest management activity that was reported by Michigan family forest owners who were
enrolled in several types of incentive programs differed significantly by program and
whether management activity was significantly explained by landowner demographics [8].
Potter-Witter (2005) demonstrated that, within the groups studied, parcel size and whether
the parcel was also the owner’s permanent residence were significant in explaining forest
management activity [8].

Saulnier et al. (2017) conducted a similar analysis to Potter-Witter (2005) and found
similar results for family forest owners in Virginia [9]. The variables income, age, forested
acres owned, and forest management were all significantly and positively related to the
willingness to harvest. The researchers suggest that, as demand for wood fiber in Virginia
increases, the ability to predict and forecast availability becomes increasingly important.
With most of Virginia’s forest in private ownership, as is the case in Michigan, family forest
owners are a critical variable in the equation. Wolde et al. (2017) presented a survey to
landowners in Virginia and Texas in order to identify factors that predict behavior, assess
overlap in family forest owner motivations, and determine how the respondent’s forest
management plans and sustainability concerns correspond with their decisions. They
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determined that family forest owners are willing to simultaneously consider multiple ways
of supplying biomass [10].

Evaluating the effectiveness and efficiency of conservation programs helps program
managers, policymakers, and researchers craft programs that improve natural resources
according to the desired future conditions and outcomes. Butler et al. (2014) examined
the effectiveness of the USFS Forest Stewardship Program (FSP). The authors concluded
that the FSP reaches a small fraction of eligible landowners and suggested that one-on-one
forestry practice assistance may be more useful to family forest owners than other forms
of assistance (e.g., the development of forest management plans) [11]. The objective of
this paper is to understand the relationships between parcel characteristics and family
forest owner management decisions for participants that are enrolled in the QFP, one of
Michigan’s two tax incentive programs for forest landowners. Forestry incentive program
managers and forestry practitioners could use these results to help predict family forest
owner management decisions, thereby providing justification for targeted conservation
initiatives. It can also help to refine existing taxation programs or make the case for new
ones. This study is not designed or intended to evaluate the effectiveness of the QFP, but
rather to understand how enrollee land and forest characteristics might predict the forest
practices among those who have self-selected to enroll in a tax incentive program.

Landowners in the QFP receive two direct benefits in exchange for enrolling. One
benefit exempts enrollees from certain school operating taxes; usually, 16 mills. This benefit
is called the Qualified Forest School Tax Affidavit. The millage rates are locally determined,
and one mill represents a dollar paid in property taxes per $1000 of taxable value. The rates
vary from less than 34 to more than 127 in Michigan, depending on the local government.
A property’s taxable value is approximately equal to 50% of the assessed fair market value.
The savings from this first benefit can sometimes represent as much as 40% of the annual
property tax bill. The second benefit prevents the “uncapping” of the property’s taxable
value to the current State Equalized Value in the event of a change in ownership. This
benefit is called the Qualified Forest Taxable Value Affidavit. A new owner of QFP property
will be taxed on the property value that is experienced by the previous landowner. This
accounts for major property tax savings, especially if a long tenured owner originally
enrolled the land.

Eligible land are parcels that are greater than 20 acres. Parcels that are greater than
20 acres and less than 40 acres must be at least 80% productive forests. Parcels that are 40
acres and greater must be at least 50% productive forest. Productive forest is defined as
forests that are capable of producing 20 cubic feet of wood, per acre, per year.

The decision to enroll in a tax incentive program has been found to depend more
on the knowledge that the program exists than other factors, like management intentions
or ownership objectives [12]. However, parcel size was also found to predict the use of
federal tax provisions among family forest owners [13]. Enrollment in woodland owners
associations has been found to differ based on management intentions [14,15], but this
enrollment decision may differ from the decision to enroll in a property tax incentive
program. Therefore, we do not know whether QFP enrollees differ from non-enrollees in
terms of management intentions. However, it is likely that owners differ from non-QFP
enrollees in terms of parcel size and the knowledge of programs.

Given that this study only examines landowners that are enrolled in a property tax
incentive program (which requires participants to manage their forests), we are already
examining landowners that are predisposed to manage their woods. Therefore, we are
interested in understanding what specific forest practices are occurring and why they
might be occurring. We hypothesized that combinations of parcel characteristics can be
indicative of landowner behavior for landowners that are enrolled in a forest property
taxation program. Forest types, the size of holdings, and geographic location might all
contribute to a family forest owner’s decision making more generally [15,16], and parcel
size has been found to relate to the use of tax provisions [13]. Larger forest stands might
make different management options more likely, because of economies of scale. Large
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forest stands might also make the expression of certain family forest owner values possible,
such as privacy or a sense of place. Owners of large forest tracts might also be wealthier,
which impacts how financial motivations affect forest management decisions [1]. Research
suggests that landowners are not a homogenous group [17,18], and this study aims to
understand these differences and how they relate to forest practices on the ground.

2. Materials and Methods
2.1. Data

Data for this study were derived from enrollment information that was regularly
collected by the Michigan Department of Agriculture and Rural Development (MDARD)
and include all ownerships that were enrolled in the Qualified Forest Program through mid-
2017. Data records represented 20,915 unique forest stands across all ownerships. Stand
acres, forest type, stand condition (tree size and tree density), and region are the stand-level
variables evaluated. These independent variables were analyzed in order to describe forest
management practices at the stand level. We were limited by the variables that were
included in the QFP database, but did eliminate some variables, such as management plan
writer and landowner application data. The variables were eliminated either because the
variance was too low (e.g., the same management plan writer for many landowners and
correlation with variable for region) or because we could not find literature to suggest a
strong relationship with forest practice (e.g., year enrolled in the program). We focused on
hypothesized predictors of forest practice, like parcel size and forest type/condition, as
there was support from the literature that these were related to management decisions [15].

Each forest stand that was enrolled in the QFP was assigned a value that describes
the size (seedlings/saplings, poletimber, sawtimber) and density (poorly stocked, mod-
erately stocked, well stocked) of the trees in the stand. The program calls this “stand
condition”, and the forest management plan writers assign the values. Conditions are
given values that range from zero to nine. The conditions are, as follows: non-stocked
(0), seedlings/saplings—poorly stocked (1), seedlings/saplings—moderately stocked
(2), seedlings/saplings—well stocked (3), poletimber—poorly stocked (4), poletimber—
moderately stocked (5), poletimber—well stocked (6), sawtimber—poorly stocked (7),
sawtimber—moderately stocked (8), and sawtimber—well stocked (9). Generally, seedlings/
saplings are trees that are 1–5 inches diameter at breast height (dbh) greater than three feet
tall. Poletimber describes trees between five and ten inches dbh. Sawtimber describes trees
with a dbh greater than ten inches.

The condition of each stand is assigned a number, alongside the stand type, by the
plan-writing forester at the time of application. The number represents a qualitative
assessment of the size of the trees and the relative stocking in the stand. Stand conditions 1,
2, and 3 all represent stands in the seedling/sapling size class and they increase in stocking
from poorly stocked (1) (SS-P), to moderately stocked (2) (SS-M), to well stocked (3) (SS-W).
Stand conditions 4, 5, and 6 represent stands in the poletimber class and increase in stocking
from poorly stocked (4) (P-P), to moderately stocked (5) (P-M), to well stocked (6) (P-W).
Stand conditions 7, 8, and 9 represent stands in the sawtimber class and increase in stocking
from poorly stocked (7) (S-P), to moderately stocked (8) (S-M), to well stocked (9) (S-W). A
stand condition “0” means that the stand is non-stocked (NS). This classification is usually
limited to non-forest types, such as grass or rock.

2.2. Data Analysis

Multinomial logistic regression was used in order to determine the log-odds of a forest
practice occurring relative to another, while other variable categories are held constant.
In this type of analysis, one category of the dependent variable (forest practice) is chosen
as the reference category. Each forest practice (e.g., artificial regeneration, clearcut) was
testedas compared to a reference category of “no practice”. Multinomial logistic regression
is a method that generalizes logistic regression to situations where there are more than two
levels of a dependent variable. Statistical tests were performed in SPSS (IBM). A selection
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of forest practice analyses is presented in this study, but additional results can be found in
Schram (2019) [19].

The multinomial logistic regression analysis is interpreted as the odds ratio. For a
continuous variable (stand acres), the odds ratio determines the odds of selecting one
category of the dependent variable over the reference category with a one-unit increase in
the continuous variable, holding all of the other variables constant. For categorical variables
(condition, region, stand type), the odds of selecting one category of the dependent variable
over the reference category are Exp(β)-times higher than the zero parameter. Comparisons
can be made between the different categories of the predictor variables within a category
of the independent variable by dividing the odds ratio of one category of the predictor
variable by another.

3. Results

As of May 2017, the QFP had 450,555 acres enrolled and it represented forest types in
seven broad groups: maple/beech/birch group (29%), aspen/birch group (23%), spruce/fir
group (15%), oak group (10%), other forest types (9%), white/red/jack pine group (8%),
and elm/ash/cottonwood group (7%). Forest types that are enrolled in the QFP are similar
to forest type proportions on all private land in Michigan. Nearly one-third of the private
land in Michigan (33.18%) and land enrolled in the QFP (29.17%) is the maple/beech/birch
group (northern hardwoods). However, aspen/birch is nearly double in the QFP (23.35%)
versus the proportion of private land in Michigan (12.11%). The proportion of forest types
enrolled varies by the region of the state. Enrollment in the Southern Lower Peninsula
(SLP), Northern Lower Peninsula (NLP), and Eastern Upper Peninsula (EUP) all exhibit
similar proportions of the Northern hardwoods type (maple/beech/birch)—28%, 27%, and
29%, respectively. The plurality (46%) of forest stands that are enrolled in the program is
middle-aged (poletimber). Nearly one-quarter (24%) of the enrolled stands are classified as
poletimber—well stocked (Figure 1). Sawtimber, in all densities, represents 34% of all the
forest stands enrolled. The seedling/sapling class, across all densities, represents 19% of
the forest stands enrolled.

Within the aspen/birch group, 37% of stands are seedling/saplings—well stocked; the
most common condition in the group. Poletimber—well stocked (22%) is the second most
common stand condition in the group. In the elm/ash/cottonwood group, the majority of
stands are poletimber (58%). Only 6% of stands in the maple/beech/birch group are in
the seedling/sapling condition. Forty-one percent (41%) of the spruce/fir group is in the
poletimber-well stocked condition. Nearly half (45%) of the white/red/jack pine group is
in the sawtimber condition. Oak is also quite “top heavy”, in that 79% of the group is in
the sawtimber condition (Table 1).

The aspen/birch forest type group is mostly concentrated in the northeastern Lower
Peninsula and the central Upper Peninsula, with Alcona County having the highest number
of acres (10,952.2). The elm/ash/cottonwood group has a similar pattern to the aspen/birch
group, except that the county with the highest number of acres in the type is Delta (2168.4).
Marquette County has the most acres of the maple/beech/birch group (8254.9). Alcona
County contains the most acres in the oak forest type group (8465.1). Most of the spruce/fir
forest type group in the central Upper Peninsula, Delta, and Menominee counties have the
most acres with 9190.1 and 9458.8, respectively. The pine resource appears to be spread
between two regions. The two counties with the most acres in the white/red/jack pine
forest type are Osceola (1869.4) and Schoolcraft (1648.4).

Artificial regeneration is a practice that is most frequent in the eastern half of the
NLP. Crawford (688.9) and Alpena (429.8) counties contain the most acres of artificial
regeneration. Alcona County has the most acres of clearcut (6342.1) prescribed, with Delta
County having the second most (5986.4). Most of the acres prescribed selection harvest
are in the Western Upper Peninsula (WUP). Marquette (6347.3) and Menominee (5692.6)
are the two counties with the most acres. Similarly, most of the acres prescribed selection
harvest are in Marquette County. Marquette County also has a lot of acres that are enrolled
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in the program. An inappropriate interpretation would be to say that the SLP region does
not have a high proportion of stands being prescribed a selection harvest, simply because
they have fewer acres enrolled than the other three regions.
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Table 1. Forest condition as a percentage of stands within each forest type group.

Forest Type Group NS * SS-P * SS-M * SS-W * P-P * P-M * P-W * S-P * S-M * S-W *

Aspen/birch 0% 1% 5% 37% 5% 12% 22% 4% 5% 8%
Elm/ash/cottonwood 0% 1% 4% 8% 16% 20% 22% 10% 11% 9%
Maple/beech/birch 0% 1% 2% 3% 7% 16% 21% 12% 17% 21%

Other 9% 14% 6% 11% 20% 8% 18% 5% 4% 5%
Spruce/fir group 0% 2% 5% 8% 12% 21% 41% 3% 4% 4%

White/red/jack pine 0% 2% 3% 10% 5% 10% 26% 11% 13% 21%
Oak 0% 1% 1% 2% 4% 7% 7% 25% 28% 26%

* NS = Non-stocked, SS-P = Seedlings/Saplings poorly stocked, SS-M = Seedlings/Saplings moderately stocked, SS-W = Seedlings/Saplings
well stocked, P-P = Poletimber poorly stocked, P-M = Poletimber moderately stocked, P-W = Poletimber well stocked, S-P = Sawtimber
poorly stocked, S-M = Sawtimber moderately stocked, S-W = Sawtimber well stocked.

The multinomial logistic regression analysis determines the odds of a particular forest
management practice occurring relative to some category of an independent variable.
Region, stand condition, forest type, and stand acres were included as the independent
variables. Stand acreage significantly increased the odds of a family forest owner selecting
each forest practices. This analysis only evaluated the multinomial logistic odds with
respect to one reference category: no practice. The odds of a family forest owner selecting
artificial regeneration instead of no practice increases by 0.9% with each one-acre increase
in stand size (Table 2). Because the odds ratio describes a linear relationship, the odds of a
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family forest owner selecting artificial regeneration instead of no practice increases by 9%
with each ten-acre increase in stand size.

Table 2. Multinomial logistic regression parameter estimates for significant results predicting the forest practice “Artificial
Regeneration.” Stand acres and stand type as independent variables (showing results from artificial regeneration). N =
20,915 unique forest stands enrolled in the Qualified Forest Program.

Forest Practice: Artificial
Regeneration a B Std. Error Wald df Sig. Exp(β)

95% Confidence
Interval for Exp(β)

Lower
Bound

Upper
Bound

Intercept −3.964 0.417 90.405 1 0.000
Stand Acres 0.009 0.002 23.103 1 0.000 1.009 1.005 1.012

Stand Type = Aspen −1.005 0.477 4.437 1 0.035 0.366 0.144 0.933
Stand Type = Cedar −2.173 0.929 5.476 1 0.019 0.114 0.018 0.703

Stand Type = Lowland Poplar (Bam) 1.380 0.596 5.353 1 0.021 3.974 1.235 12.789
Stand Type = Marsh −2.989 2.301 1.688 1 0.194 0.050 0.001 4.574

Stand Type = Mixed Deciduous 1.252 0.564 4.920 1 0.027 3.496 1.157 10.564
Stand Type = Mixed Lowland Conifers −1.217 0.596 4.177 1 0.041 0.296 0.092 0.951

Stand Type = Red Pine 1.160 0.452 6.583 1 0.010 3.189 1.315 7.735
Stand Type = Upland Mixed Conifers 2.265 0.467 23.506 1 0.000 9.635 3.856 24.075

Stand Type = White Spruce/Fir 0 b 0
a The reference category is No Practice. b This parameter is set to zero because it is redundant. This is the reference category.

The geographic region of Michigan can be significant in predicting forest practice.
The odds of a family forest owner selecting artificial regeneration instead of no practice
is 2.907 times higher when the stand is in the SLP and 2.093 times higher when the stand
is in the NLP than for a stand in the WUP (Table S1). The odds of a family forest owner
selecting artificial regeneration (tree planting) instead of no practice is 1.634 times higher
when the stand is white spruce/fir as compared to when the stand is aspen. In the NLP,
the stand condition SS-P is significant in predicting artificial regeneration instead of no
practice as compared to S-W (Table S2). In the WUP, stand conditions SS-W and P-W are
significant in predicting artificial regeneration instead of no practice when compared to
stand condition S-W (Table S3).

The odds of a selecting clearcut instead of no practice increases 0.8% with each one-
acre increase in stand size (Table 3). There is no instance where a region is significant in a
family forest owner selecting clearcut instead of no practice (Table S1). The odds of a family
forest owner selecting clearcut instead of no practice is 1.714 times higher when the stand is
aspen as compared to when the stand is white spruce/fir (Table 3). The stand conditions SS-
P, SS-M, SS-W, P-P, and S-P are significant in predicting the selection of clearcut instead of
no practice in the EUP when compared to stand condition S-W (Table S4). Stand conditions
SS-P through S-M are significant, when compared to the stand condition S-W, in predicting
clearcut instead of no practice in the NLP (Table S2). Stand conditions SS-M, SS-W, and
P-P significantly predict clearcut instead of no practice when compared to stand condition
S-W in the SLP (Table S5). Stand conditions P-M, P-W, and S-M are significant in selecting
clearcut instead of no practice as compared to stand condition S-W in the WUP (Table S3).

The odds of selecting a salvage treatment instead of no practice increases 1.3% with
each one-acre increase in stand size (Table 4). The odds of selecting a salvage treatment
instead of no practice are 2.166 times higher if a stand is in the EUP and 3.413 times higher
in the NLP than a stand in the WUP (Table S1). The stand conditions SS-W and P-M are
significant in predicting the selection of a salvage treatment instead of no practice in the
EUP when compared to stand condition S-W (Table S6). The odds of selecting a seed tree
harvest instead of no practice increases 0.6% with each one-acre increase in stand size
(Table 5). The odds of selecting a seed tree harvest instead of no practice is 1.347 times
higher for a stand in the WUP than a stand in the EUP, 1.367 times higher than a stand in
the NLP, and 1.533 times higher than a stand in the SLP (Table S7). The seed tree harvest
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practice had few significant results. The odds of a family forest owner selecting a seed tree
harvest instead of no practice is 9.685 times higher in a lowland poplar stand than in a
white spruce/fir stand, and 18.985 times higher when the stand is mixed lowland conifers
as compared to a white spruce/fir stand (Table 5).

Table 3. Multinomial logistic regression parameter estimates for significant results predicting the forest practice “Clearcut.”
Stand acres and stand type as independent variables (showing results from clearcut). N = 20,915 unique forest stands
enrolled in the Qualified Forest Program.

Forest Practice: Clearcut a B Std. Error Wald df Sig. Exp(β)

95% Confidence
Interval for Exp(β)

Lower
Bound

Upper
Bound

Intercept −1.171 0.119 96.608 1 0.000
Stand Acres 0.008 0.001 120.532 1 0.000 1.008 1.007 1.010

Stand Type = Aspen 0.539 0.124 18.938 1 0.000 1.714 1.345 2.186
Stand Type = Bog or Muskeg −3.327 0.493 45.622 1 0.000 0.036 0.014 0.094

Stand Type = Cedar −1.757 0.211 69.462 1 0.000 0.173 0.114 0.261
Stand Type = Grass −3.324 0.255 169.498 1 0.000 0.036 0.022 0.059

Stand Type = Hemlock −1.802 0.473 14.510 1 0.000 0.165 0.065 0.417
Stand Type = Local Use (various

non-commercial or exotic) −3.091 0.862 12.854 1 0.000 0.045 0.008 0.246

Stand Type = Lowland Brush −2.916 0.315 85.548 1 0.000 0.054 0.029 0.100
Stand Type = Lowland Hardwoods −0.482 0.157 9.467 1 0.002 0.617 0.454 0.839

Stand Type = Lowland Mixed −0.487 0.218 5.012 1 0.025 0.614 0.401 0.941
Stand Type = Marsh −3.402 0.704 23.317 1 0.000 0.033 0.008 0.133

Stand Type = Mixed Deciduous −0.780 0.297 6.895 1 0.009 0.458 0.256 0.820
Stand Type = Mixed Lowland Conifers −0.798 0.151 27.889 1 0.000 0.450 0.335 0.605

Stand Type = Non-Stocked −3.179 0.374 72.354 1 0.000 0.042 0.020 0.087
Stand Type = Northern Hardwoods −1.659 0.170 95.482 1 0.000 0.190 0.136 0.265

Stand Type = Oak −1.111 0.179 38.536 1 0.000 0.329 0.232 0.468
Stand Type = Red Pine −1.341 0.195 47.275 1 0.000 0.262 0.178 0.383

Stand Type = Rock −3.353 4.865 0.475 1 0.491 0.035 2.527 ×
10−6 484.026

Stand Type = Tamarack −0.726 0.261 7.719 1 0.005 0.484 0.290 0.807
Stand Type = Treed Bog −3.379 1.589 4.525 1 0.033 0.034 0.002 0.767

Stand Type = Upland Brush −3.262 0.836 15.223 1 0.000 0.038 0.007 0.197
Stand Type = Water −3.407 0.541 39.602 1 0.000 0.033 0.011 0.096

Stand Type = White Pine −1.634 0.266 37.768 1 0.000 0.195 0.116 0.329
Stand Type = White Spruce/Fir 0 b 0

a The reference category is No Practice. b This parameter is set to zero because it is redundant. This is the reference category.

The odds of selecting thinning instead of no practice increases by 0.8% with each
one-acre increase in stand size (Table 6). The odds of selecting thinning instead of no
practice is 3.166 times higher when the stand is in the NLP and 2.610 times higher in the
SLP than when the stand is in the WUP (Table S8). Stand conditions SS-M, SS-W, P-P, P-M,
P-W, and S-M are significant in predicting thinning instead of no practice as compared
to stand condition S-W in the EUP (Table S9). Stand conditions SS-P through P-W are
significant, when compared to stand condition S-W, in predicting a thinning instead of no
practice in the NLP (Table S10). Stand conditions SS-P through P-M and S-P are significant,
when compared to stand condition S-W, in predicting a thinning instead of no practice
in the SLP (Table S11). When compared to stand condition S-W, stand conditions SS-M
through P-M significantly predict thinning instead of no practice in the WUP (Table S12).
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Table 4. Multinomial logistic regression parameter estimates for significant results predicting the forest practice “Salvage
Treatment.” Stand acres and stand type as independent variables (showing results from salvage treatment). N = 20,915
unique forest stands enrolled in the Qualified Forest Program.

Forest Practice: Salvage Treatment a B Std. Error Wald df Sig. Exp(β)
95% Confidence

Interval for Exp(β)

Lower Upper

Intercept −2.421 0.194 155.655 1 0.000
Stand Acres 0.013 0.001 135.277 1 0.000 1.013 1.011 1.016

Stand Type = Aspen −3.289 0.365 81.339 1 0.000 0.037 0.018 0.076
Stand Type = Black Spruce −1.999 0.609 10.797 1 0.001 0.135 0.041 0.446

Stand Type = Bog or Muskeg −4.502 1.501 9.002 1 0.003 0.011 0.001 0.210
Stand Type = Cedar −2.080 0.386 28.998 1 0.000 0.125 0.059 0.266
Stand Type = Grass −4.515 0.772 34.220 1 0.000 0.011 0.002 0.050

Stand Type = Lowland Brush −2.460 0.456 29.101 1 0.000 0.085 0.035 0.209
Stand Type = Lowland Hardwoods −0.719 0.270 7.089 1 0.008 0.487 0.287 0.827

Stand Type = Lowland Mixed −1.279 0.455 7.886 1 0.005 0.278 0.114 0.680
Stand Type = Marsh −4.566 2.199 4.312 1 0.038 0.010 0.000 0.774

Stand Type = Mixed Lowland Conifers −1.555 0.291 28.532 1 0.000 0.211 0.119 0.374
Stand Type = Non-Stocked −4.534 1.270 12.745 1 0.000 0.011 0.001 0.129

Stand Type = Northern Hardwoods −0.894 0.240 13.868 1 0.000 0.409 0.256 0.655
Stand Type = Oak −0.988 0.283 12.181 1 0.000 0.372 0.214 0.649

Stand Type = Red Pine −4.452 1.276 12.173 1 0.000 0.012 0.001 0.142
Stand Type = Tamarack −4.152 2.116 3.848 1 0.050 0.016 0.000 0.996

Stand Type = Upland Brush −1.780 0.749 5.642 1 0.018 0.169 0.039 0.733
Stand Type = Upland Mixed −3.098 1.163 7.098 1 0.008 0.045 0.005 0.441

Stand Type = Upland Mixed Conifers −3.939 1.917 4.225 1 0.040 0.019 0.000 0.833
Stand Type = Water −4.460 1.579 7.980 1 0.005 0.012 0.001 0.255

Stand Type = White Pine −1.469 0.428 11.749 1 0.001 0.230 0.099 0.533
Stand Type = White Spruce/Fir 0 b 0

a The reference category is No Practice. b This parameter is set to zero because it is redundant. This is the reference category.

Table 5. Multinomial logistic regression parameter estimates for significant results predicting “Seed Tree Harvest.” Stand
acres and stand type as independent variables (showing results from seed tree harvest). N = 20,915 unique forest stands
enrolled in the Qualified Forest Program.

Forest Practice: Seed Tree Harvest a B Std. Error Wald df Sig. Exp(β)
95% Confidence

Interval for Exp(β)

Lower Upper

Intercept −5.027 0.717 49.178 1 0.000
Stand Acres 0.006 0.002 12.008 1 0.001 1.006 1.003 1.009

Stand Type = Lowland Poplar (Bam) 2.271 0.858 7.004 1 0.008 9.685 1.802 52.048
Stand Type = Mixed Lowland Conifers 2.944 0.724 16.541 1 0.000 18.985 4.596 78.433

Stand Typ = Oak 2.213 0.738 8.985 1 0.003 9.141 2.151 38.845
Stand Type = Tamarack 1.870 0.831 5.059 1 0.025 6.487 1.272 33.089

Stand Type = Upland Mixed 2.769 0.779 12.629 1 0.000 15.944 3.462 73.428
Stand Type = White Spruce/Fir 0 b 0

a The reference category is No Practice. b This parameter is set to zero because it is redundant. This is the reference category.

4. Discussion

The Federal government, states, and nongovernmental organizations (NGOs) attempt
to incentivize family forest owners in order to actively manage their woodlands. These
incentive programs can include property tax reductions, forest management planning,
financial assistance for implementing conservation practices, and technical assistance. In
this paper, we used the QFP in Michigan to understand the relationship between parcel
characteristics and the enrolled landowners’ behaviors. While using forest types as one
of the indicators, we found that the maple/beech/birch group characterizes the highest
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proportion of enrolled forest types (29%) and the highest proportion of forest types on
all private land in Michigan (33%). This forest type often exists on productive sites and
it can offer the highest and most frequent return on investment in the form of income
from timber products, thus we expected family forest owners with this forest type to be
more interested in active management. Family forest owners with productive, high-value
forest types might be more inclined to participate because of the strict QFP requirement
to conduct forest management activity according to the written plan. Potentially, these
high-quality forest types have the lowest risk for non-compliance, due to a lower likelihood
of having non-marketable timber.

Table 6. Multinomial logistic regression parameter estimates for significant results predicting the forest practice ‘Thinning.’
Stand acres and stand type as independent variables (showing results from thinning). N = 20,915 unique forest stands that
are enrolled in the Qualified Forest Program.

Forest Practice: Thinning a B Std. Error Wald df Sig. Exp(β)

95% Confidence
Interval for Exp(β)

Lower
Bound

Upper
Bound

Intercept −2.006 0.167 143.627 1 0.000
Stand Acres 0.008 0.001 86.661 1 0.000 1.008 1.006 1.009

Stand Type = Aspen −1.033 0.191 29.300 1 0.000 0.356 0.245 0.517
Stand Type = Bog or Muskeg −2.724 0.564 23.313 1 0.000 0.066 0.022 0.198

Stand Type = Cedar −1.487 0.284 27.458 1 0.000 0.226 0.130 0.394
Stand Type = Grass −2.617 0.293 79.551 1 0.000 0.073 0.041 0.130

Stand Type = Lowland Brush −2.509 0.399 39.600 1 0.000 0.081 0.037 0.178
Stand Type = Lowland Hardwoods −0.521 0.225 5.372 1 0.020 0.594 0.383 0.923

Stand Type = Lowland Poplar (Bam) 1.772 0.242 53.512 1 0.000 5.882 3.659 9.456
Stand Type = Marsh −2.693 0.761 12.512 1 0.000 0.068 0.015 0.301

Stand Type = Mixed Deciduous 1.340 0.238 31.609 1 0.000 3.819 2.394 6.093
Stand Type = Mixed Lowland Conifers −1.329 0.242 30.201 1 0.000 0.265 0.165 0.425

Stand Type = Non-Stocked −2.668 0.449 35.263 1 0.000 0.069 0.029 0.167
Stand Type = Northern Hardwoods 1.241 0.176 49.943 1 0.000 3.458 2.451 4.879

Stand Type = Oak 1.287 0.183 49.520 1 0.000 3.622 2.531 5.184
Stand Type = Red Pine 0.804 0.189 18.052 1 0.000 2.235 1.542 3.239
Stand Type = Tamarack −1.016 0.423 5.753 1 0.016 0.362 0.158 0.831

Stand Type = Upland Brush −2.558 0.900 8.073 1 0.004 0.077 0.013 0.452
Stand Type = Upland Mixed Conifers 0.822 0.242 11.559 1 0.001 2.275 1.416 3.653

Stand Type = Water −2.697 0.588 21.007 1 0.000 0.067 0.021 0.214
Stand Type = White Pine 1.072 0.199 28.872 1 0.000 2.920 1.975 4.317

Stand Type = White Spruce/Fir 0 b 0
a The reference category is No Practice. b This parameter is set to zero because it is redundant. This is the reference category.

The elm/ash/cottonwood group ranks the second most common forest type on private
forestland in Michigan (13%), but seventh in the QFP (7%). The elm/ash/cottonwood
group, which is commonly referred to as lowland hardwoods, is a forest type that is not
known for high-value forest products. This low value is compounded by the mortality and
stand degradation that are caused by the Emerald Ash Borer (Agrilus planipennis) [20], an
exotic invasive pest of North American ash trees, and Dutch Elm Disease [21], a vascular
disease of elm (Ulmus spp.), caused by a fungus (Ceratocystis ulmi). Thus, these forest types
might not meet the productivity standard that is defined in statute of being capable to
produce 20 cubic feet of wood per acre per year.

The aspen/birch group (Figure 1) makes up a proportion that is 11% less on QFP en-
rolled land than on private land statewide. The forest products market for the aspen/birch
type throughout much of the state suggests that enrollment would not risk compliance is-
sues. In 2016, aspen represented 20% of the state’s total cords that are processed by primary
mills and 14% of the total board foot volume processed by primary mills [22]. Michigan
is home to pulp-producing mills (Packaging Corporation of America, Verso Corporation)
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and composite board-producing mills (Decorative Panels International, Louisiana-Pacific
Corporation, and Weyerhaeuser) that specifically utilize large volumes of aspen.

The breakdown of stand condition within each species group shows that 37% of the
aspen/birch group is well-stocked seedlings/saplings. Only 5% of the group is sawtimber
—well stocked and only 22% is poletimber—well stocked. This could lead to a figurative
“pig in the python” scenario, where production from QFP lands on this forest type is
relatively low for a number of years and, then, as the type reaches maturity, a much greater
amount is put up for sale in a small cluster of years. The condition of the oak resource
on QFP land is another example. More than three-quarters (79%) of the type is in the
sawtimber size class. As these stands are harvested, there may be societal demands for oak
stands to regenerate for long-term financial, wildlife, and biodiversity concerns. The lack
of stands in the two smaller size classes may cause similar short and medium-term issues.
The majority (58%) of stands in the elm/ash/cottonwood group are in the poletimber size
class. Forest health issues clouded the future of this type. Ash (Fraxinus) and elm (Ulmus)
species are both troubled by non-native insects and diseases, such as emerald ash borer
(Agrilus planipennis) and Dutch elm disease (Ascomycota), which puts future forest cover in
jeopardy.

The size of a forest stand was significant in predicting all forest practices on QFP
enrolled land. This is consistent with literature that finds the size of holding is related to a
spectrum of management behaviors and decisions [1,5]. The largest odds ratio for stand
acres is when selecting a salvage treatment (1.3% with each one-acre increase in stand size)
(Table 4). Salvage treatments are conducted in an effort to take advantage of available
wood fiber directly after an event that causes the loss of wood volume and/or quality [23].
For example, many salvage treatments in Michigan occur after a forest health issue, such
as an insect infestation, kills many trees on a large landscape. The relatively elevated odds
of selecting a salvage treatment with an increase in stand size on QFP enrolled land makes
intuitive sense. The quality and volume of wood fiber per unit of area is generally lower
for stands that qualify for salvage treatments, by definition. Because of this, one might
argue that a greater amount of area is required in order to compensate for less volume per
acre and make a timber sale attractive to a potential buyer. Professional forest management
plan writers determine the forest stands. The program requires forest management to be
conducted on any given parcel. Markets and access often drive forest management. It is
reasonable, then, to posit that foresters delineate stands and prescribe forest management
practices that are economically viable as well as ecologically justified.

The odds of a family forest owner choosing artificial regeneration instead of no practice
is 2.907 times higher in the SLP than in the WUP (Table S1). The WUP is almost entirely
forested, while the SLP is a mosaic of forests, grasslands, farms, and urban environments.
It is possible that there are simply more acres available for tree planting in the SLP, because
it is not all already in forest cover. The nomenclature of the practice can cause confusion.
Artificial regeneration suggests that the practice is an attempt at reforesting a stand after
some other management activity. It is possible that some of the participants are using the
term artificial regeneration as a means of afforestation.

The availability of financial assistance to conduct tree/shrub plantings through the
USDA Natural Resources Conservation Service (NRCS) is a related justification. While this
funding is available to all farmers, ranchers, and forestland owners, farmers commonly
participate because of their familiarity with the involved federal agencies and programs [24].
Forest (timber) stand improvement is another forest conservation practice funded through
the NRCS. That might be why the odds of selecting that practice are 10.914 times higher in
the SLP than the WUP.

The fragmented nature of forests in the SLP as compared to the WUP is another
explanation. This might play a role in the ability to market the harvested material that is
removed in a traditional timber stand improvement. The removal of the same material
in the WUP might make its way into a normal commercial timber harvest, which might
prompt the plan-writing forester to use another silvicultural term, such as selection harvest.
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The multinomial logistic regression with a stand type as the independent variable was
conducted at a statewide scope. As one considers the “normal” silviculture associated with
each forest type, many of the results are intuitive. For example, aspen (Populus spp.) is a
forest type that is not normally propagated by planting, rather by even-aged methods of
overstory removal, which allows for the aspen root suckers to grow into new stems.

Some stand types yielded less intuitive results. The lowland poplar (mostly Populus
balsamifera) type had an odds ratio of 3.974 for selecting artificial regeneration instead of no
practice (Table 2). This is difficult to understand, because the lowland poplar type usually
exists in wet areas that are not well suited for easy planting, and the trees are somewhat
short-lived, and they grow quite fast. The wood is not particularly sought after by the
forest products industry. The low number of observations for this stand type (n = 213) is
one justification for this phenomenon.

Clearcutting is a common practice across the regions and in may forest types. We
expected a higher likelihood of this type and practice than was reflected in the data and,
after reviewing the proportion of aspen stands in the seedling/sapling size class, it is logical.
Over the program’s maximum 20-year forest management-planning period many aspen
stands may not be economically mature enough to warrant a timber harvest. The statewide
county mapping for forest practice and forest type demonstrated that Alcona County has
the highest number of acres in the aspen/birch type, as well as the highest number of acres
that are prescribed clearcut. A northern hardwoods stand is 781.8% more likely to have
a selection harvest than no practice (Table 7). This is a common silvicultural practice in a
northern hardwood type. The result is likely to be indicative of both forestry norms and
the societal desire to see big trees and minimal site disturbance in forested ecosystems. The
current challenges in northern hardwood regeneration might begin to skew this type to
another, more uneven-aged management technique in an effort to successfully recruit shade
intolerant species as well as combat the increased white-tailed deer (Odocoileus virginianus)
numbers in the state.

Table 7. Multinomial logistic regression parameter estimates for significant results. Stand acres and stand type as indepen-
dent variables (showing results from selection harvest). N = 20,915 unique forest stands that are enrolled in the Qualified
Forest Program.

Forest Practice: Selection Harvest a B Std. Error Wald df Sig. Exp(β)

95% Confidence
Interval for Exp(β)

Lower
Bound

Upper
Bound

Intercept −2.034 0.168 145.961 1 0
Stand Acres 0.009 0.001 155.838 1 0 1.009 1.007 1.01

Stand Type = Aspen −0.562 0.184 9.366 1 0.002 0.57 0.397 0.817
Stand Type = Bog or Muskeg −2.308 0.472 23.904 1 0 0.099 0.039 0.251

Stand Type = Grass −2.198 0.26 71.526 1 0 0.111 0.067 0.185
Stand Type = Hemlock 1.472 0.24 37.603 1 0 4.356 2.722 6.973

Stand Type = Lowland Brush −2.131 0.346 37.911 1 0 0.119 0.06 0.234
Stand Type = Lowland Hardwoods 0.934 0.187 24.865 1 0 2.543 1.762 3.671

Stand Type = Lowland Poplar (Bam) 1.258 0.265 22.522 1 0 3.52 2.093 5.919
Stand Type = Marsh −1.687 0.486 12.06 1 0.001 0.185 0.071 0.48

Stand Type = Mixed Deciduous 1.966 0.221 78.985 1 0 7.144 4.631 11.023
Stand Type = Non-Stocked −2.243 0.38 34.792 1 0 0.106 0.05 0.224

Stand Type = Northern Hardwoods 2.177 0.173 157.743 1 0 8.818 6.278 12.385
Stand Type = Oak 1.433 0.183 61.658 1 0 4.191 2.931 5.994

Stand Type = Red Pine 1.504 0.182 68.001 1 0 4.498 3.146 6.43
Stand Type = Tamarack −0.833 0.396 4.418 1 0.036 0.435 0.2 0.945

Stand Type = Upland Brush −2.13 0.743 8.219 1 0.004 0.119 0.028 0.51
Stand Type = Upland Mixed 1.145 0.241 22.584 1 0 3.142 1.959 5.038

Stand Type = Water −2.277 0.491 21.474 1 0 0.103 0.039 0.269
Stand Type = White Pine 0.632 0.212 8.896 1 0.003 1.881 1.242 2.848

Stand Type = White Spruce/Fir 0 b 0
a The reference category is No Practice. b This parameter is set to zero because it is redundant. This is the reference category.
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Stand conditions did not appear to be significant in a statewide analysis. However,
when the data were regionally aggregated, certain stand conditions did become significant
in selecting certain forest practices. Again, this might have to do with available markets for
forest products within a region. Intuitively, stands with a higher overall volume relative
to the size of trees within the stand (conditions SS-W, P-W, and S-W) might be more
likely to be harvested, because the higher volume could be seen as attractive for timber
producers. Additionally, stands with relatively smaller trees (conditions SS-P through P-W)
can only be marketed when a use for products that use smaller-diameter roundwood exists
within the region. For example, the SLP contains virtually no market for pulpwood and
other small-diameter tree products. It can be difficult for family forest owners that are
interested in forest management to find markets for their small diameter material, which
can reduce their ability to conduct forest management in the absence of technical and
financial assistance.

Other variables could be helpful in an analysis of family forest owner behavior. The
year that enrolled stands have a planned harvest would provide some further insight to
the management of forestland that is enrolled in the QFP. The planned harvest year could
be categorized by the following conditions: “harvest shortly after plan development”,
“harvest in near future”, and “harvest in distant future”. Dividing harvest years into these
categories might tell us something about whether family forests are currently at harvestable
volumes and values, or whether the enrolled lands are relatively “young” when compared
to non-enrolled family forests or those in other ownerships. It might also indicate the level
of management intensity that family forest owners are willing to engage in. These data are
available for each forest stand enrolled in the QFP and are easily accessible from MDARD’s
database. There were not included in this analysis because they are outside of the focus of
evaluating parcel characteristics with respect to forest management practices.

Additionally, it is worthwhile to note the limitations of our study. This study could be
extended to combine with forest management plan writer interviews in order to determine
whether harvest year reflects forest age or some social reason instead. A more thorough
examination of the significant relationships might yield stand and parcel characteristics
that could be selectively utilized in unique regression equations. The forest management
plan writer is another variable that could have substantial effects on forest practice; both at
the time of plan development and implementation. Forest management plan writer data
are collected in the program’s database and then assigned to each parcel at the time of
application. Critics of the QFP often claim that the program only provides a tax incentive
to those already managing forestland. It is unclear to them as to whether the program has
enticed family forest owners that were not already practicing forest management. This
is difficult to infer in the present study, and it might require a combination of analyses,
including surveys to participants and non-participants.

5. Conclusions

This study informs the growing literature on family forest owner behavior and par-
ticipation in conservation programs. The results have demonstrated that, in certain cases,
stand and parcel characteristics can predict forest practice. Characteristics, such as size,
condition, type, and region, each play a unique role in influencing the outcome of a forest
management decision. We hypothesized that parcel size, forest type, and geographic
location would predict forest practice, based on past findings, which was indeed the case.
This indicates that forest practice is best understood by combining location, species type,
and size of ownerships. These factors may also relate to the decision to manage forests
more broadly, but this understanding is beyond the scope of the present study. We have
intentionally not provided an evaluation of the effectiveness of the QFP in achieving its
goals. Additional research should be implemented in order to support such an evaluation,
by pairing management outcomes with intended program goals, and comparing these
outcomes across enrolled and non-enrolled family forest owners.
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Several implications can be drawn from this study. The results can be used in order to
make observations regarding QFP participants; however, its application to non-enrolled
family forest owners is still uncertain. As participation in QFP grows, one might argue that
it either more closely represents all family forest owners, because the program will make
up a greater proportion, or that the tax break and available technical assistance through
Michigan’s conservation districts are changing behavior, such that similarities cannot be
drawn. These hypotheses can be investigated in future research. A similar analysis of
family forests that are outside the QFP might help to strengthen those claims in either
direction, but the difficulty of acquiring data outside of a voluntary government program
might be prohibitive. Cutting-edge forestry technologies might make acquiring these data
for all private land more feasible in the future. The parcel characteristics outlined in this
analysis can be determined through objective observation, and they do not necessarily
require interaction with the landowner. Aerial photo interpretation and other remote
sensing technologies might be used in order to acquire the data quickly and inexpensively,
although these methods might bring up other concerns, such as privacy.

Near the end of developing this paper, the QFP experienced a change in law that
will take effect on 3 March 2019. Among the changes, one was the removal of the maxi-
mum number of acres that a landowner can enroll per tax-collecting unit of government,
which was previously 640 acres. This has the potential to rapidly increase enrollment, as
large landowners are able to enroll the remaining portions of their ownerships that were
previously excluded. Another major change was the increase of the statewide program
maximum acreage to 2.5 million acres from 1.2 million acres. It will be critical to study these
changes, and their effect on family forest owner behaviors, and the resulting ecosystem
services provided by these private forests. It is important that academic institutions and
government agencies continue to study taxation program enrollees, because of its large
impact on forest conservation and natural resource management. Conservation programs
that are similar to the QFP have the potential to conserve and protect forest landscapes that
are economically important, for communities that rely on the forest products we use every
day; environmentally, to preserve critical ecosystem functions and rare plant communities;
and, socially, in order to maintain forests that positively affect humans and their networks.
With this contribution to the literature, practitioners have a new tool to aid in evaluating
the conservation programs that promote these values.

Supplementary Materials: The following are available online at https://www.mdpi.com/1999-490
7/12/1/35/s1, Table S1: Multinomial logistic regression parameter estimates for significant results.
Geographic region of Michigan as independent variable. N = 20,915 unique forest stands enrolled
in the Qualified Forest Program. Table S2: Multinomial logistic regression parameter estimates for
significant results. Stand condition as independent variable. Northern Lower Peninsula. N = 20,915
unique forest stands enrolled in the Qualified Forest Program. Table S3: Multinomial logistic
regression parameter estimates for significant results. Stand condition as independent variable.
Western Upper Peninsula. N = 20,915 unique forest stands enrolled in the Qualified Forest Program.
Table S4: Multinomial logistic regression parameter estimates for significant results. Stand condition
as independent variable. Eastern Upper Peninsula. N = 20,915 unique forest stands enrolled in
the Qualified Forest Program. Table S5: Multinomial logistic regression parameter estimates for
significant results. Stand condition as independent variable. Southern Lower Peninsula. N = 20,915
unique forest stands enrolled in the Qualified Forest Program. Table S6: Multinomial logistic
regression parameter estimates for significant results. Stand condition as independent variable.
Eastern Upper Peninsula. N = 20,915 unique forest stands enrolled in the Qualified Forest Program.
Table S7: Multinomial logistic regression parameter estimates for significant results. Geographic
region of Michigan as independent variable. N = 20,915 unique forest stands enrolled in the Qualified
Forest Program. Table S8: Multinomial logistic regression parameter estimates for significant results.
Geographic region of Michigan as independent variable. N = 20,915 unique forest stands enrolled
in the Qualified Forest Program. Table S9: Multinomial logistic regression parameter estimates for
significant results. Stand condition as independent variable. Eastern Upper Peninsula. N = 20,915
unique forest stands enrolled in the Qualified Forest Program. Table S10: Multinomial logistic
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regression parameter estimates for significant results. Stand condition as independent variable.
Northern Lower Peninsula. N = 20,915 unique forest stands enrolled in the Qualified Forest Program.
Table S11: Multinomial logistic regression parameter estimates for significant results. Stand condition
as independent variable. Southern Lower Peninsula. N = 20,915 unique forest stands enrolled in
the Qualified Forest Program. Table S12: Multinomial logistic regression parameter estimates for
significant results. Stand condition as independent variable. Western Upper Peninsula. N = 20,915
unique forest stands enrolled in the Qualified Forest Program.
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