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Abstract: Forest landowner activities change over the lifespan of the forest and ownership cycle. Patterns
of change emerge which suggest the evolving nature of forest landownership and Non-industrial
Private Forest (NIPF) landowners’ interest in their land. The objective of this study was to examine
trends in NIPF landowners’ distribution of forestry expenses in their management activities over time.
First, 2010 Mississippi NIPF landowners were randomly selected from a property tax roll list.
Our analysis compared study results of Arano et al. (2002) with a 2016 survey that was conducted by
the authors of this paper. Both studies drew on assessments of timber management expenditures that
were conducted on behalf of a state government department of revenue to determine ad valorem
taxes for forest land. As such, both studies contained similar survey questions with 12 forestry-related
activities grouped into four major categories: (1) Fees for Professional Services (e.g., consulting
foresters, surveyors), (2) Timber Management Expenditures (e.g., site preparation, planting),
(3) Other Management Expenditures (e.g., road construction), and (4) Property Taxes. Like the
2002 article, results here are presented as descriptive statistics. In both survey cycles, Timber
Management Expenditures represented the largest component of annual expenditures in both the
1990s and 2015. The largest decrease in reported expenditures occurred for Other Management
Expenditures. By broadly describing differences in expenditures over time, this study provides
insights into the involvement of NIPF landowners in management activities on forest land such as
reforestation after final harvest, thinning, and timber stand improvement, which can impact forest
products’ supply over time.
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1. Introduction

Non-industrial Private Forest (NIPF) landowners comprise 47% of the nation’s total timberland
area [1]. As such, these owners’ management decisions and behaviors are particularly important
regarding the net benefits that are provided by the nation’s forests [2]. In particular, the U.S. South,
commonly termed the wood basket of the United States, performs a critical role in satisfying the
nation’s demand for timber, paper products, forest-based biofuels, and recreation. In turn, Mississippi
is one of the most heavily forested states in the nation by percentage of area. Hardwood and mixed
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stands occupy 10.5 million acres and pine forests cover 6.62 million acres of forested land in the state
with forested acreage increasing over the past four decades [3]. While natural stands have decreased
since 2006, planted loblolly pine has increased [4].

Regardless of forest type, the U.S. Forest Service’s National Woodland Owner Survey (NWOS)
notes that the most common objectives of owning forest land are for beauty, wildlife habitat, and nature
protection [5]. Timber production was one of the least frequently cited reasons for owning forest land.
By comparison, Mutandwa et al. [6] found that the most important reason for forest landownership
in Mississippi was to provide a legacy to heirs, followed by long-term investment and personal
recreation [6]. Timber production was the fourth most important reason for owning forests followed by
fee-based recreational services (e.g., hunting leases, ecotourism, and horseback riding). The diversity
of landowner objectives is important to keep in mind when seeking to understand the relationship
between management behavior and the maximization of forest land benefits.

This study is guided by the notion that decisions regarding forest management activities depend
on the landowner’s utility maximizing behavior, regardless of management objectives [7]. According
to the economic theory of utility-maximization, landowners that are considered utility-maximizers
take non-monetary benefits such as biodiversity, aesthetics, and recreation into consideration along
with timber and non-timber benefits produced from their forest lands [8]. This is important because
landowners with multiple objectives have tended to be interested in a wide range of forest related
benefits [9]. However, despite the importance of non-timber benefits, this study focuses solely on timber
management activities due to their broad-ranging local and extra-local market impacts. To maximize
utility, a landowner should invest his or her money such that each dollar spent per product or
service purchased have the marginal utility. This utility can be gained by maximizing the profits and
optimizing the efficiency of a forested property [10,11]. NIPF management activities include, for example,
site preparation, planting, prescribed burning, property line maintenance, protection against fire
and insects, and timber stand improvement. Landowners’ expenditures on these forest management
activities can be observed as a function of their utility maximizing behavior. Further, expenditure
information is an indicator of landowners’ willingness to invest in forest management to improve
their land and resources. As well, information about expenditures demonstrates how investments on
private forest lands are distributed among various management or silvicultural activities. Expenditure
analysis requires NIPF landowners to keep detailed records of their management activities, which they
should do anyway for tax considerations, risk mitigation, and for management decisions [12].

Although forest management expenditures can vary greatly depending on the level and nature of
the management activity, as well as the size of the property [13], demonstrating statistical relationships
between such characteristics and expenditure trends or testing relationships between the characteristics
of forest landowners and the amount of utility is beyond the scope of this study. However, we do consider
potential linkages between them for future research, with Figure 1 illustrating the conceptual model of
forest landowners, forest management expenditure, returns to landowners, and utility. The idea is
that any expenditure made by landowners is related to the production of either products or services.
Landowners invest money to carry out various forestry practices in their forest land. In exchange,
they receive returns in use values (e.g., timber, non-timber forest products) and non-use values
(e.g., biodiversity, aesthetics). Thus, these landowners execute forest management activities in order to
maximize the utility of their property.

There is a fairly large body of work that has addressed management costs (e.g., [14–19]), although
comparisons between time periods are rare. In addition, previous studies have not included fees
for professional services used by landowners to manage forest land. Information on professional
services, for example, foresters’ fees, attorney fees, and surveyor fees, is crucial to fully accounting for
forest management expenditures and costs. Still, landowner activities and costs published in journals
serve as benchmarks for other landowners’ management decisions. A well-known report published
in Forest Landowner (e.g., Maggard and Barlow [20]) provides bi-annual estimates of the costs of
forestry-related activities in the South [20]. For example, in the most recent report, the average cost for
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mechanical site preparation was $140.99 per acre, machine planting cost was $80.30 per acre, prescribed
burning was $26.63, and chemical application cost was $69.53 per acre in 2016 [20]. The 2017 report
noted that prices increased steadily from 2008 to 2012, but dropped in 2014 [20]. These cost fluctuations
were likely related to a faltering U.S. forest products industry following the collapse of the housing
market and the subsequent recession [21]. Service providers exited the market during the recession,
thereby driving up prices, and then returned with the improving economy.Environments 2019, 6, x FOR PEER REVIEW 3 of 18 
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As noted by Arano et al. [19], annual expenditures over time reflect changes in management
intensity and, therefore, NIPF landowners in Mississippi were not managing forest land intensively.
Intensive management implies the use of forest management practices, including silvicultural tools to
regulate stand density and increase the volume or value of the land and timber. To measure intensity,
the authors listed expenses related to silvicultural practices including prescribed burning, timber stand
improvement, and fertilization. They found that expenditures were strongly related to forest parcel
size, with landowners holding larger tracts tending to manage more intensively than those with smaller
tracts. Conner and Hartsell [22] noted that landowners with small holdings may have limited capital
which in turn limits management options or prevents them from participating in what they consider
to be activities that are more appropriate for larger scale operations. Underscoring the benefits of
economies of scale, the Alabama Cooperative Extension Service [23] stated that “a good rule of thumb
is treating larger areas generally costs slightly less on a per acre basis than the same treatment on
smaller acreages.” Similarly, cost sharing and technical assistance programs, such as the Conservation
Reserve Program (CRP), have been found to be more appealing to those who either owned large forest
acreages or were actively managing their land for timber production (although we acknowledge that
the CRP may have acreage of dollar limits that would preclude very large landowners) [24,25].

Our research objective was to examine trends in Mississippi NIPF landowner management
activity over time by comparing expenditures from 2015 with expenditures averaged from 1995 to 1997
(hereafter referred to as the 1990s). Major contributions of this work to the literature are: (1) the inclusion
of fees for professional services in the analysis and (2) a comparison of expenditures observed over
nearly two decades. This paper presents descriptive information regarding the timber management of
Mississippi rather than establishing relationships between variables and forest management intensity.
Nonetheless, context is important to note. Forest products markets had slowed due to mill closures
and imported products with Mississippi timber prices averaging $25 per ton for pine sawtimber and
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$8 per ton for pine pulpwood by the fourth quarter of 2015. Results from this study can benefit the
decisions of landowners, foresters, policymakers, and timber supply modelers. NIPF landowners
can use expenditure analysis to help plan their forest management activities based on cost trends
over time. In addition, such analysis paints a broad picture of the activeness of NIPF landowners and
future timber availability. Timber supply analysts could use this information to improve predictions
of future timber availability [26], and cost and expenditure data can be used to develop appropriate
policies and/or legislation [27]. For example, policies might include developing and implementing
cost-share and conservation programs that ensure investment in forest management activities while
also providing property tax incentives, tax credits, assurance of markets for forest products, and timber
insurance. The following sections describe the study’s methods and present the results. The article
concludes with a discussion and implications for future research.

2. Materials and Methods

2.1. Survey and Data

This study extends and partially replicates the Arano et al. [19] study. To compare expenditures
across two points in time, we analyzed NIPF landowner responses drawn from multiple surveys that
were conducted over several decades. The 1990s expenses were found in Arano et al.’s [19] published
article based on surveys they conducted in 1996, 1997, and 1998. The Arano et al. [19] data consisted of
annual costs averaged over the period 1995 to 1997. We were unable to employ the raw data because
the records had been destroyed. These results were compared with results from a survey conducted in
2016 by the authors of this article. Both the Arano et al. [19] surveys and the 2016 survey collected tax
information from the year prior to the year that the respective survey was conducted (for example,
the 2016 survey collected 2015 tax year data).

The sample frame was generated from a property tax mailing list maintained by Mississippi
State University. Lists were obtained in 1996, 1997, and 1998 (for the Arano et al. [19] publication)
and 2016. Each survey employed a unique sampling frame and respondents were selected randomly
from approximately 300,000 forest landowners with at least 20 acres of forest land. Due to budgetary
limitations, the 2016 sampling frame decreased since the 1990s surveys. Each 1990s survey was mailed
to 5000 landowners, while the 2016 survey was mailed to 2010 landowners. Four mail contacts were
used (modified from [28]): a cover letter and questionnaire, reminder post card, replacement survey
and cover letter, and reminder postcard or a thank you letter.

Questionnaires were divided into four sections with activities considered by capital expenditures
(site preparation, fertilization, regeneration, and road construction), expensed expenditures
(pre-commercial thinning, pruning, chemical release costs, supervision and administration, and
animal damage), professional services (expenditures related to consulting forester fees, attorney fees,
accountant fees, and surveyor fees), and timber harvests (final harvest cost). Section I addressed
landowners’ forest ownership by forest stand type with a primary question asking, “How many acres
of forest land did you own in Mississippi in 2015?” (open-ended response). Other key questions related
to this article were: “How much were your total 2015 county property taxes on your forest land?”
(open-ended response) and “Did you incur any expenses for management activities on your forest
land in 2015?” (no = 0, yes = 1).

Section II elicited forest management costs for activities divided into the following categories:
site preparation, planting, prescribed burning, fertilization, routine expenses for timber management,
fees for consulting forester services, attorney fees, and surveyors’ fees. If respondents had incurred
expenses, as expressed in Section I, they indicated their incurred costs for various management activities
(e.g., mechanical site preparation, chemical site preparation, planting loblolly pine, road construction)
listed in each category. All responses in Section II were open-ended.

Section III asked for timber harvesting information, including acres harvested and any expenses
related to harvesting. Respondents indicated any expenses and revenues associated with hunting and
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wildlife management. The last section solicited respondents’ demographic characteristics. These last
two sections were not taken into consideration for this paper due to high non-response rates.

2.2. Data Analysis

For simplification of the data analysis, expenditures were compared across the following categories:
(a) Fees for Professional Services; (b) Timber Management Expenditures; (c) Other Management
Expenditures; and (d) Property Taxes. Comparable to Arano et al. [19], we compared the percentage
of all survey respondents who incurred (NIPF landowners in the 1990s and 2016 who did not spend
money on timber management activities during the preceding tax year) expenditures for each category
during 2015 (“Mean Expenditures of Entire Sample”) with only those respondents who incurred each
expense in 2015 (“Mean Expenditures of Landowners Who Incurred Expenses”). Thus, if only 4 out of
10 respondents incurred expenses, the average expenditure was divided by four to obtain the Mean
Expenditures of Landowners Who Incurred Expenses or was divided by 10 to obtain the entire sample’s
average. Comparison between the two categories of respondents was then observed over time from
the 1990s data found in Arano et al. [19] to the 2016 survey data. To compare per acre costs, each dollar
value of the 1990s was compounded to 2015 dollars based on an inflation rate of 2.2% determined from
the Consumer Price Index 1997 to 2015 [29]. To be consistent with Arano et al. [19], this study compares
nominal costs rather than real costs. Arano et al. [19] used nominal values because they are easy to
understand by economists as well as laypersons. Nominal costs evaluate the variation in the cost of
a forest management activity without any adjustment.

Expenditures were compared on the basis of frequency of occurrence as well as magnitude.
To compute magnitude, we calculated the means for the reported expenditures of each forest
management activity on a per-acre basis. For example, a landowner who owned 500 acres of forest land
and spent $100 planting 50 acres and $200 for site preparation on 5 acres had a per acre expenditure
of $2 per acre (100/50) for planting and $40 per acre (200/5) for site preparation. Total Management
Expenditures for this case would then be calculated at $42 per acre (40 + 2). Next, we computed the
average for all respondents. If a survey participant had multiple expenses in a category, the expenses
were added within the category before calculating the mean expenditure per acre. Then, we computed
the overall average for the sample and subgroup. Unlike Arano et al. [19], we were unable to test
for statistically significant differences between the two time periods due to unavailability of the
1990s survey data (again, we used the data presented in their article, not the raw data). However,
standard errors and 95% confidence intervals for the 2015 data were computed based on the four major
expenditures categories.

3. Results

3.1. Response Rates

Results were organized according to responses regarding the four expenditure categories.
The 2016 survey had a 23% adjusted response rate, while the 1990s surveys reported in Arano et al. [19]
averaged 21%. A similar response rate was reported by Khanal et al. [30] and Pokharel et al. [31,32] for
the state and region, respectively. As suggested by Armstrong and Overton [33], a non-response bias
test was conducted using t-tests to compare the responses between the first 30 and last 30 respondents.
Additionally, our survey had comparable sample estimates compared to the National Woodland
Owners Survey (NWOS) (Table 1).

Similar to Arano et. al [19], we compared the reported landowner demographics to those reported
in the NWOS [34]. Among the three categories of ownership size, the smallest ownership class (10–100)
is slightly under-represented in our sample, while the other two classes are well-represented (Figure 2).
In order to avoid response bias, we also regressed ownership size on per acre expenditures on each of
the forest management activities and found no significant relationship [17].
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Table 1. Comparison of Mississippi’s Non-industrial Private Forest (NIPFs) sample estimates obtained
via a mail survey with estimates reported in the National Woodland Owners Survey.

Demographic Characteristics Survey Sample National Woodland Owner Survey *

Age (mean years) 68 65–74 years
Predominant gender Male Male

Income (mean per annum) $60,000–$79,999 $50,000–$99,999
Education (majority) Bachelor’s degree Bachelor’s degree

Total land size (mean) 157 acres 100 acres–499 acres

* Source: Butler, [34].
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Figure 2. NIPF landowner distribution by ownership size class in Mississippi.

3.2. Parcel Size and Overall Participation and Expenditures for Forest Management

The average forest parcel size was 231 acres in the 1990s. This compares to an average parcel size
of 157 acres reported in the 2016 survey data (Table 2) and 100 to 499 acres reported by the NWOS.
The median parcel size reported was 75 acres in 2015 and 80 acres in the 1990s. In both survey cycles
(1990s and 2016), some parcels were less than 20 acres, probably due to parcelization, although this
was not accounted for in the surveys.

Table 2. Comparison of the sample estimates obtained from mail surveys conducted in the 1990s
and 2015.

Statistic Forest Acres (1990s) Forest Acres (2015)

Mean 231 157
Median 80 75

Minimum 1 2
Maximum 44,617 2500

Since Arano et al.’s [17] analysis of expenditures from the mid-1990s, fewer landowners have
reported expenditures for all major categories of forest management, including Property Tax payments
(Table 3). The largest decrease in reported expenditures occurred for Other Management Expenditures
(19%). This was followed by Professional Services (11.1%) and Timber Management Expenditures
(10.9%). Property Taxes had the least amount of decrease (4.1%), which makes sense given that taxes
should be a fairly inflexible expense.

Table 4 shows the overall expenditures of the four major categories with their standard errors
and confidence intervals for the 2015 costs. Other than Property Taxes, the mean expenditures for
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all the categories dropped between the two time periods for the entire sample. The largest decrease
was in Fees for Professional Services (55%; $2.89 to $1.30), while Other Management Expenditures
decreased the least (38%; $1.91 to $1.18). By contrast, expenditures for landowners who incurred
expenses during the surveyed tax year increased dramatically in all categories. The largest increase
was in Timber Management Expenditures (900%; $24.11 to $246.32), while the smallest increase was in
Fees for Professional Services (34%; $16.05 to $21.55).

Table 3. Percentage of respondents who incurred forest management expenses, Mississippi, 1995–1997
and 2015.

Expense Category 1995–1997 (Percent)
(N = 1075)

2015 (Percent)
(N = 386)

Fees for Professional Services 17.4 6.27
Consulting forester 6.9 2.5

Attorney 5.7 1.5
Accountant 8.4 1.8

Surveyor 4.9 2.5
Timber Management Expenditures 20.3 9.4

Timber stand improvement 3.6 1.1
Prescribed burning 3.4 2.8

Site preparation 5.6 6.2
Planting 12.1 4.1

Other 3.7 2.8
Other Management Expenditures 27.2 8.2

Property line maintenance 12.1 5.4
Protection against fire, insects, or disease 7.9 2.3

Road construction and maintenance 10.9 6.6
Supervision and administration 12.3 6.3

Property Taxes 73.0 68.9

Table 4. Overall Expenditures in forest management activities by landowners in the 1990s and 2015 *.

Mean Expenditure of the
Entire Sample ($/ac.)

Mean Expenditures of Landowners
Who Incurred Expenses ($/ac.)

1990s 2015 1990s 2015

Fees for Professional Services 2.89 1.30 16.05 21.55

Range 6.51–28.39

Standard Error 0.17 2.06

Confidence Interval (95%) 0.57 6.55

Timber Management Expenditures 5.71 2.83 24.11 246.32

Range 41.66–1235

Standard Error 0.28 16.69

Confidence Interval (95%) 0.88 53.13

Other Management Expenditures 1.91 1.18 9.39 19.50

Range 0.85–100.00

Standard Error 0.29 6.26

Confidence Interval (95%) 0.42 13.44

Property Taxes 3.41 4.02 3.86 6.49

Range 0.03–40.00

Standard Error 0.41 0.42

95% Confidence Interval (95%) 0.81 0.83

* Standard errors, confidence intervals, and range for the 1990s are not available.
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3.3. Fees for Professional Services

In addition to management activities overall, changes in participation and expenditures were
observed within each of the four categories. The most commonly reported Fee for Professional Services
in the 1990s was for accounting professionals (8.4%), while respondents were most likely to report fees
paid to consulting foresters and surveyors in 2015 (2.5% for both). The greatest decrease in reported
fees was for accounting services, which dropped by 6.6%. Surveyor fees were associated with the
lowest decrease between the two time periods (2.4%).

Reported fees for consulting foresters were highest of the four professional fees categories;
however, consulting fees decreased over a dollar per acre between the 1990s and 2015, representing
the greatest decrease (Figure 3). Only surveyor fees increased by $0.10 per acre from $0.28 per acre
in the 1990s to $0.38 per acre in 2015. Besides consulting fees, attorney fees saw the largest decrease
in expenditures ($0.43/ac). Besides consultants, landowners tended to pay most for attorney fees
($0.51/ac.) in the 1990s and least for accountants ($0.27/ac.). By contrast, landowners paid more for
surveyors ($0.38/ac.) than attorneys ($0.08/ac.) in 2015.
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The subgroup of landowners who incurred expenses differed markedly from respondents as
a whole with an overall increase in expenditures observed between the 1990s and 2015 of $5.50 per
acre owned ($16.05 to $21.55) (Figure 4). The highest increase in reported fees was for surveyors
($3.04/ac.), while only attorney fees decreased slightly ($0.36/ac). Consistent with the aggregate group,
the subgroup spent most on consultants, followed by surveyors, attorneys, and accountants in both
time periods.

3.4. Timber Management Expenditures

After Property Taxes, Timber Management Expenditures represented the second highest category
of the four expense categories in the 1990s study and the highest in the 2015 study. Planting was the
highest reported (12.1%) Timber Management Expenditure in the 1990s, while site preparation was
most often reported in 2015 (6.2%). The largest decrease in reporting between the two time periods
was planting (8%), while site preparation increased only slightly (0.6%). Timber stand improvement,
prescribed burning, and other timber management activities fell in the middle.
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Mean expenditures reflected these decreasing reporting trends, with planting having the highest
expenditures in the 1990s at $3.23 per acre and decreasing by $2.51 per acre in 2015 (Figure 5).
By contrast, site preparation expenses increased by $0.04 per acre from the 1990s to 2015. With the
exception of prescribed burning, which increased by $0.15 per acre, all other activities decreased in
reported expenditures. The mean Timber Management Expenditures for landowners who incurred
expenses in the survey year were dramatically higher than for the aggregate and change between both
time periods was positive (Figure 6). Planting was the highest expenditure in the 1990s ($10.35/ac.),
increasing to $100.19 per acre in 2015. Prescribed burning was the lowest reported expenditure in the
1990s ($1.38/ac.), increasing to $21.05 per acre in 2015. Other timber management activities had the
lowest increase in expense ($10.11/ac.) between the time periods.Environments 2019, 6, x FOR PEER REVIEW 10 of 18 

 

 

Figure 5. Mean expenditures for Timber Management Activities of the entire sample. 

 

Figure 6. Mean expenditures for Timber Management Activities of landowners who incurred 

expenses. 

3.5. Other Management Expenditures 

Overall, all activities in this category showed a steep drop in reporting between the two time 

periods. Supervision and administration were most often reported in the 1990s (12.3%), but fell to 

6.3% in 2015, behind road construction and maintenance. While protection against fire, insects, or 

disease was least often reported for both time periods (7.9% in the 1990s and 2.3% in 2015), property 

line maintenance had the largest decrease in reported expenditures (12.1% to 5.4%).  

In both periods (Figure 7), landowners tended to spend most on supervision and administration 

($3.41/ac.), followed by protection against fire, insects, or disease ($0.72/ac.), property line 

maintenance ($0.28/ac.), and road construction and maintenance ($0.51/ac.). Road construction and 

maintenance had the greatest decrease of $0.42 per acre, while supervision and administration 

increased by $0.61 per acre. Other Management Expenditures demonstrated a more balanced 

response than Timber Management Expenditures with regards to mean expenditures only for 

landowners who incurred expenses in the survey year (Figure 8). Protection against fire, insects, or 

disease increased the most from $2.54 per acre in the 1990s to $6.96 per acre in 2015. Supervision and 

Figure 5. Mean expenditures for Timber Management Activities of the entire sample.



Environments 2019, 6, 107 10 of 18

Environments 2019, 6, x FOR PEER REVIEW 10 of 18 

 

 

Figure 5. Mean expenditures for Timber Management Activities of the entire sample. 

 

Figure 6. Mean expenditures for Timber Management Activities of landowners who incurred 

expenses. 

3.5. Other Management Expenditures 

Overall, all activities in this category showed a steep drop in reporting between the two time 

periods. Supervision and administration were most often reported in the 1990s (12.3%), but fell to 

6.3% in 2015, behind road construction and maintenance. While protection against fire, insects, or 

disease was least often reported for both time periods (7.9% in the 1990s and 2.3% in 2015), property 

line maintenance had the largest decrease in reported expenditures (12.1% to 5.4%).  

In both periods (Figure 7), landowners tended to spend most on supervision and administration 

($3.41/ac.), followed by protection against fire, insects, or disease ($0.72/ac.), property line 

maintenance ($0.28/ac.), and road construction and maintenance ($0.51/ac.). Road construction and 

maintenance had the greatest decrease of $0.42 per acre, while supervision and administration 

increased by $0.61 per acre. Other Management Expenditures demonstrated a more balanced 

response than Timber Management Expenditures with regards to mean expenditures only for 

landowners who incurred expenses in the survey year (Figure 8). Protection against fire, insects, or 

disease increased the most from $2.54 per acre in the 1990s to $6.96 per acre in 2015. Supervision and 

Figure 6. Mean expenditures for Timber Management Activities of landowners who incurred expenses.

3.5. Other Management Expenditures

Overall, all activities in this category showed a steep drop in reporting between the two time
periods. Supervision and administration were most often reported in the 1990s (12.3%), but fell to 6.3%
in 2015, behind road construction and maintenance. While protection against fire, insects, or disease
was least often reported for both time periods (7.9% in the 1990s and 2.3% in 2015), property line
maintenance had the largest decrease in reported expenditures (12.1% to 5.4%).

In both periods (Figure 7), landowners tended to spend most on supervision and administration
($3.41/ac.), followed by protection against fire, insects, or disease ($0.72/ac.), property line maintenance
($0.28/ac.), and road construction and maintenance ($0.51/ac.). Road construction and maintenance
had the greatest decrease of $0.42 per acre, while supervision and administration increased by $0.61
per acre. Other Management Expenditures demonstrated a more balanced response than Timber
Management Expenditures with regards to mean expenditures only for landowners who incurred
expenses in the survey year (Figure 8). Protection against fire, insects, or disease increased the most
from $2.54 per acre in the 1990s to $6.96 per acre in 2015. Supervision and administration increased
$2.63 per acre from $3.86 per acre. Meanwhile, road construction and maintenance were the only
categories to decrease: $0.61 per acre in 2015 from $2.60 per acre in the 1990s.
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4. Discussion and Conclusions

This study presented NIPF landowners’ management costs from the 1990s and 2015.
The expenditure information provides an indication of the degree to which landowners were managing
their forest land. Expenditure analysis is a descriptive approach to understanding forest landowner
behavior because cost is a fundamental consideration in utility maximization of forest management
decisions. In addition to timber management, expenditures are associated with maximizing benefits of
wildlife management, aesthetics, and environmental stewardship, among other landowner objectives.
We recognize the variety of influences on NIPF landowner behaviors (for example, emotionally
based decisions), with decisions often involving a mix of individual and social drivers [35]. Further,
landowners’ decision and behaviors of forest land management are also highly influenced by their
motivations [36]. However, landowners allocating funds to enjoy their land to its maximum potential
is an important consideration that should not be ignored.

Although this study did not analyze non-timber management, we found that a substantial portion
of landowners were not involved in any timber management activities involving expenditures during
either survey cycle. With the exception of Property Taxes, Fees for Professional Services, Timber
Management Expenditures, and Other Management Expenditures were less frequently reported for
2015 than in the 1990s. This overall finding suggests low levels of purposive management during those
tax years. A primary reason for this may be the decrease in timber prices over the last two decades,
causing landowners who were once active in growing timber to exit the market. Prices have decreased
due to changes in the forest industry as well as the housing crisis of the early 2000’s, which lowered
the demand for wood [37].

Another explanation, and a future research direction examining causal factors, may be linked
to decreasing parcel size between the data collection periods [38,39]. Decreasing parcel size results
from parcelization of forest land due to urbanization and passing land to multiple heirs. Landowners
holding smaller and fragmented pieces of land have limited management options due to lost economies
of scale as per unit costs increase as parcel size decreases [22,40,41]. Further, their ownership interests
may change with parcel size limitations. There is a direct positive relationship between parcel size and
willingness to harvest, with landowners who have large parcels being more willing to harvest and
engage in active timber management than those with smaller parcels [40]. Much research has shown
that owners of small tracts tend to be less interested in timber management and more interested in
recreation, aesthetics, and other non-timber objectives as their primary objectives than owners of large
tracts [42–44].
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Decreasing costs, as presented here, point to NIPF landowners’ forest management practices
changing over time. Maggard and Barlow [20] reported similar expenditure trends. However, Maggard
and Barlow’s [20] study aggregated data across Southern states and analyzed only the direct forest
management expenditures. By contrast, this study was conducted only in Mississippi and examined
additional factors such as costs associated with consulting fees, surveyor fees, and attorney fees.
While the overall trend in decreasing costs can be interpreted as landowners not managing their forest
land as intensively as in the past, Timber Management Expenditures increased over the study’s time
period for those who were engaging in management activities. Increased expenditures for this group
could be explained by landowners using costlier genetically superior tree seedlings for plantings or
rising costs for prescribed burning. Also, the choice of planting methods varies depending upon the
selection of bare root versus containerized seedlings and hand planting versus machine planting. The
cost for the plantation of genetically superior seedlings coupled with the machine planting technique
is higher than their counterparts. Finally, the large difference in Timber Management Expenditures
may be related to increases in labor costs in real terms across the Southern region [45].

Another possible explanation for the overall decreasing trend in expenditures is likely related
to timber prices. Demand for forest products have changed in the South during the timeframe of
this study. Annual removals of forest products increased from 1953 to 1996 and remained high
throughout the 1990s, however due to the recession starting in 2007, demand declined and has not
reached pre-recession levels [46]. However, according to the American community survey (ACS),
the median income of Mississippians increased from $29,120 to $43,441 during 1998–2015. By contrast,
findings here demonstrate that investment in forest management activities has decreased, with many
of the private, nonindustrial forest acres having little or no professional management. Basic practices
such as regeneration after a harvest often become lacking [47]. Future studies should examine the
relationship between income and expenditures on forest management. Besides the housing collapse
and increasing income, more efficient supply lines and technological improvements have made it
economically feasible to procure and utilize distant and low-cost forest products [32,48], which has at
least partially resulted in the closure of pulp and paper mills in the state [49]. Decreasing demand for
forest products has lowered prices which, in turn, may have an effect on landowner interest in forest
land investment.

Results contribute to an understanding of how landowners are likely to invest. The per acre costs
for prescribed burning, site preparation, and planting were $21.05, $72.77, and $100.19, respectively in
2015. By comparison, Maggard and Barlow’s [20] study found prescribed burning was $26.63 per acre,
site preparation was $140.99 per acre, and planting ranged from $52 to $89 per acre, depending upon
the planting method. This accounts for over half the investment spent on timber management and
suggests that many landowners viewed planting and site preparation as the most important (or most
necessary) management activities for investment. Again, due to the unavailability of raw data from the
1990s, tests for reliability could not be performed. Nonetheless, the qualitative benefits of the study are
evident as an exploratory examination of timber expense trends which, in the future, could motivate
a more rigorous procedure to observe statistical differences over time. Here, all categories, except
Timber Management Expenditures, have some reliability because they fall between the range data
(Table 4). Timber Management Expenditures in 2015 is drastically higher when compared to the 1990s,
which may indicate sampling and/or measurement errors. Still, it provides descriptive information
about the management activities.

A recent study conducted by Callaghan et al. [50] found that the annual percent cost for forestry
practices of the southern U.S. from 1982 through 2016 has increased the most for prescribed burning,
followed by timber cruising, precommercial thinning, and planting activities. Similarly, the cost of
fire management across Canada has risen steadily since 1970 [51], while reforestation costs have
increased substantially in European countries [52]. Further, Whiteman et al. [53] showed that forestry
expenditures are influenced by the health of the national economy, with higher-income countries
having higher expenditures than their counterparts. Notably, these expenses are directly related
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to timber production, either through enhancing timber growth or returns on timber sales, while
other management activities accounted for a lower percentage of expenditures. Given that most
of Mississippi’s forest land was owned by NIPF landowners, changes in parcel size and monetary
transactions for forest land could have a profound effect on markets for management activities and the
supply of forest products. For instance, Cubbage [54] notes that landowners owning small parcel sizes
often utilize their forest land for benefits other than timber production because of economies of scale.
As such, these landowners reduce the monetary transaction to manage the forest land [55]. As forest
tract size harvested decreases, the cost per acre of treatment increases, especially for capital intensive
mechanized harvesting methods [55–57]. The cost of production is increased due to diminished
economies of scale and decreased investment in and completion of forest management activities by
NIPF [58,59]. The impacts of the relationship between parcel size and monetary transactions on markets
and management, and associated landowner adaptations to new economic conditions, is a topic for
future research. In any case, periodically monitoring forest management related expenditures might be a
reasonable indicator of future timber supply trends; for example, continuously increasing expenditures
is indicative of a growing timber supply in the future. While this study is not an economic impact
analysis, it illuminates trends in which landowner expenditures contribute directly and indirectly to
economic activities and employment in the forestry sector.

Understanding the extent to which landowners incur expenses provides a general indication
of forest management activity to inform forestry policy and programs. For example, a landowner
typology based on expenditure data can be employed to target education and policies to different
landowner groups across a gradient of activeness. In addition, such information—on an annual or
biennial basis—can help decision makers develop legislation and conservation programs to encourage
investment in reforestation and site preparation as well as participation in low-interest loans, tax
incentives, and forest insurance programs. A tax incentive, for example, may entail active NIPFs
(possibly even those managing for personal use) deducting some amount of taxable reforestation costs
in addition to normally deductible investment expenses. Such policy might target less active managers
to motivate them towards a higher level of activity.

Another example of a policy implication addresses casualty loss in the context of increasingly
variable climates. The southern U.S. is prone to destructive winds, flooding, wildfire, and pest
outbreaks. A landowner typology, based on regularly collected expenditure and income data, can
identify groups of landowners at the margin of active and less active management. Assuming that
some landowners are less active due to perceptions of weather and financial risks, a refigured casualty
loss formula can help move those landowners at the margin into the more active part of the spectrum.
As with current policy, a reformulated policy can mitigate risk, encourage investment, and promote
active engagement, but for a larger number of deserving landowners so that they continue to provide
forest benefits for society.

This article leads to additional future research possibilities. First, future surveys might include
questions about forest composition, location of forest land, management objectives, and age class
distributions in order to assess potential causes for differences in management intensity and
expenditures (however, this would dramatically change the purpose of the survey when the sponsor is
only interested in calculating ad valorem taxes). Similarly, future surveys should ask landowners to
detail each parcel they own so that parcelization could be examined. Second, future research should
collect both cost and revenue data for each management activity. This research was limited to cost
per acre of timber management activities. Also, this research does not include a comparison of real
price increases. Future studies should consist of a comprehensive comparison of forest management
activities’ expenditure by accounting real rates of change. Third, this information would be interesting
when compared with NIPF landowner expenditures throughout the Southeast, as well as other parts of
the United States. In addition, besides timber management activities, non-timber forest management
activities should be included in future research. This data could be compared with other sources,
such as cost-share program participation, timber sales statistics (e.g., quantity and value of harvested
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timber), reported forest ad-valorem taxes, involvement with consulting foresters (e.g., time, fees,
and forest area coverage by the consultant), seedlings supplies (e.g., number and type of seedling
planted in forest land), timber harvesting (e.g., quantity of thinning and timber cut), and landowners’
participation in forestry association meetings. Together, these data could be used to better analyze the
active involvement of landowners in forest management practices.

With periodic landowner expenditure surveys across the region or nation, such comparative
research would provide timber supply modelers with key information for the prediction of future timber
supply. Finally, future assessments should incorporate measures for management activities in addition
to activities characterized by a financial investment. Such activities may involve little to no costs and
include small scale do-it-yourself stand management (e.g., chainsaw thinning) or recreation-based
prescriptions (e.g., food plots). Inclusion of these activities would improve understanding about the
association between expenditures and management intensity.

Although this study’s response rate reflects that of similar forest landowner research in the
southern U.S. [19,30–32], future research must address the issue of low response rates. A large
number of responses are important for an accurate representation of forest management expenditures.
The sample frame must be updated with corrected addresses and at least some of the research could be
validated by collecting input at forest landowner meetings (which are common throughout the state).
A telephone interview survey could be considered as an approach to increasing response rates, although
such an approach is not without drawbacks. Costs of accessing cell phones as well as landlines have
decreased, making telephone surveys more practical than in the past; however, telephone surveys
also suffer from lack of completion because contacts are overwhelmed with marketing calls and often
do not answer unknown numbers. Survey administrators would have to ask respondents to access
forest records that may not be easily available. A multi-modal approach incorporating mail, telephone,
and online surveys might also improve response rates. The success of a survey is also dependent on the
sampling frame. The public list that was used in this study is the best list available; however, it could
potentially be supplemented with the private membership list of the statewide forest landowner
organization. Besides this, potential participants could be selected based on lists maintained by private
firms, although such lists can also have an excessive amount of bad addresses.

As well, monetary or gift card lotteries have been shown to increase response rates [60]. The project
sponsor, a state agency, would have to approve of the use of an incentive, which is unlikely because
the original objective of the survey is not research, but to determine a tax function. Regardless of
the approach, response rate also depends on the types and nature of the questions in the survey.
For example, the questionnaire could be further improved by incorporating more closed-ended rather
than open-ended questions. Respondents may find it easier to complete closed-ended questions [61].
As well, qualitative input could help improve the survey design and wording employed in the
questions. Finally, it is important to remember that timber prices also likely play an important role in
survey response, which could be measured using a follow-up telephone non-response bias survey if
funds were available.

5. Study Limitations

Two major constraints limit this study’s findings. First, the lack of raw data for the 1990s studies
meant that we were unable to statistically compare the means between the time periods. We attempted
to partially compensate for this by providing standard errors, ranges, and confidence intervals for the
2015 data. Timber Management Expenditures (e.g., planting and site preparation costs) might have
been overestimated; however, costs vary based on selection of seed and planting techniques and site
preparation approaches, including the use of genetically superior seedling and chemical or mechanical
site preparation, which might overestimate the planting costs. Therefore, specific questions about
prescriptions must be asked in future surveys. Second, the low response rates limit the generalizability
of the findings, although a low response is also an indicator of management inactivity. Future surveys
must be designed to encourage better participation and may include modifications to the written
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survey or the addition of telephone and/or online surveys. Surveys should consist of short and
precise questions, sending reminders/follow up survey questionnaires, and providing incentives to the
respondents. Some evidence exists to suggest that the color of a mail questionnaire influences response
rates [62]. Despite the drawbacks discussed above, telephone surveys have been cited as leading to
higher response rates compared to mail surveys [63]. A telephone survey can relatively quickly cover
a wide geographic area and produce good data quality. The online survey is also cost-effective and
can be more convenient for some respondents (this has changed over time, with most landowners
comfortable with computer applications) [64].
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