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Despite the likely benefits of having a written forest management plan, a small number of landowners in the United States have
the one. A recursive bivariate probit model was used to identify the possible relationship between landowners’ decision to obtain
a management plan and their interest in future timber harvesting. Our study results based on recursive bivariate model suggest
that landowners having larger land ownerships, longer forest ownership tenure, and higher education were more likely to have
a forest management plan and future timber harvesting interest. While the landowners having interest for wildlife management
were also interested to have a written management plan, they did not prefer to harvest in future. Study results indicate that written
management plan means more than a timber harvesting strategy to landowners in general. Many elderly landowners with a low level
of income and less formal education and those having small or medium sized tracts of forestland are less likely to own a written
management plan. Therefore, this group requires special attention in various government sponsored forest management related
extension activities. Future research on understanding landowner perception behind written management plan is recommended.

1. Introduction their active involvement in forest management activities [3-
7]. It has also been identified as a key attribute in landowner
forest management decisions [3, 8-10]. Since thoughtful
planning is an important prerequisite to achieve optimum
benefits, private forest landowners who often do not follow
management plan recommendations are likely to under-
achieve such benefits [5]. Owing to these insights, written
management plan has become an eligibility criterion for
measuring allocation of a land for timber use and other forest
related tax benefits in the United States [7, 11]. State forestry
agencies implement forest stewardship programs, authorized
by cooperative Forestry Assistance Act of 1978, to encourage

Management plans are important technical documents which
identify the planned forest management activities required to
meet the objectives of forest landowners. A standard forest
management plan provides information such as landowner
management objectives, location and history of forestland,
description and inventory of the existing resources, schedule
of the course of activities, projection of expected benefits,
and management recommendations for optimum benefits
[1]. While the focus of such management plans in the past
was mostly timber production and profit maximization,

increasing public interest on ecosystem services, such as
amenity, and recreation have warranted for more inclusive
plans with emphasis on timber as well as nontimber services
1, 2].

Literature on private forest landowners indicates that
presence of a written management plan is an indicator of

landowners to develop forest stewardship management plans
[4]. Despite various efforts, 2004 national woodland owner
survey indicates that only 3% of the landowners in the United
States have obtained forest management plan [12]. While a
substantial number of studies on landowners behavior have
already examined landowners’ decision-making with respect
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to timber or biomass harvesting, reforestation, amenity ben-
efit, habitat management, and so forth [13-17], very limited
empirical works have centered on landowner’s decision to
adopt management plan. Landowner decisions to obtain
a forest management plan are, to the large extent, related
to their plan to actively manage forestland. In particular,
studies have shown that landowner decisions to adopt a forest
management plan are related to the size of ownership, with
owners of larger holding size more likely to adopt a written
plan [18]. This makes intuitive sense considering the costs
of obtaining a written management plan. Another related
finding is that while many landowners harvest timberland
during their forest ownership tenure, very few actually own
a forest management plan [12, 19]. For instance, Cleaves and
Bennett [20] reported that 80% of landowners in western
Oregon were positive about their future timber harvesting
plans. Confirming this fact, Majumdar et al. [19] found that
more than 89% of landowners having multiple-objectives
to own timberland were involved in some form of timber
harvesting during their forestland tenureship. However, only
32% of them had a written management plan. As earlier
noted, results from 2004 national woodland owner survey
were even more pessimistic in this connection.

Written management plan provides several benefits to
landowners. For example, harvest scheduling, which esti-
mates an appropriate time and acres of forestland to be
harvested for optimal benefits, is an important component
of a management plan [1]. An unplanned timber harvesting
without a proper harvest scheduling would make forestland
investment a less profitable avenue in the long-run. Similarly,
many of these landowners may not be able to optimize bene-
fits from new opportunities such as wood-based bioenergy,
carbon sequestration, or forest certification program. One
possible advantage of having a written management plan
is that, apart from a general awareness, landowners would
know more about both the potential benefits and conflicting
implications, if any, of these programs on their primary forest
management objectives. Despite the many potential benefits,
passive to zero interest of the landowner in the preparation
and implementation of the routine management activities,
in part, question the effectiveness of stewardship programs,
the need of management plans, and consequently the pro-
fessional role of foresters in landowner forest management
decisions.

Considering the exceptionally low adoption rate of man-
agement plan among landowners, it becomes important to
investigate the factors that encourage or discourage landown-
ers in adopting forest management plan. Understanding the
factors that influence their management plan adoption deci-
sion can provide useful insights in extension and outreach
programs aimed at enhancing landowners’ capacity to meet
their management objectives as well in sustaining forest-
lands. Following literature on related topics, landownership
characteristics, ownership objectives, and sociodemographic
attributes was considered as potential explanatory variables
determining landowner interest in obtaining forest man-
agement plans. Additionally, given the likely relationship
between landowner motivations for timber harvesting and
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their decision to obtain a management plan, we proposed to
analyze these issues simultaneously.

2. Method

All the variables of interest were obtained from a survey of
nonindustrial forest landowners in Mississippi. The state of
Mississippi is in the heart of timber producing region of the
United States with 19.79 million acres of total timberland [21].
The private forest landowners are the dominant ownership
types in the state having more than three-fourth of total
ownership [21]. The pine forest covers 6.62 million acres
and mixed pine-hardwood forests cover 10.5 million acres.
About 13.45% of total forestland is a regeneration forest in
the state. The Mississippi Institute for Forest Inventory (MIFI)
divides the total state into five districts (North, Delta, Central,
Southeast, and Southwest) based on the differences associated
with geography, physiography, and economic conditions
among others [21]. Research suggests a lack of interest for
getting a written management plan among private forest
landowners in the region [5, 12]. For example, Measells et al.
[5] conducted a NIPF landowner survey in some southern
states (Arkansas, Louisiana, Mississippi, and Tennessee) and
found that 9.1% of surveyed landowners in Mississippi and
11% in the region had written management plans.

The survey instrument for this study, a detailed version of
which can be found in Gruchy [22], was designed to reveal
NIPF landowners’ preferences in supplying woody biomass
for wood-based bioenergy industries in Mississippi. From
Mississippi property tax record database of NIPF landowners,
twenty five hundred and sixty landowners having forest tract
size of more than hundred acres were randomly selected
for the survey. Following the usual recommendations given
by Dillman [23], a mail survey was conducted in Missis-
sippi from December 2009 to February 2010. Ownership
characteristics, ratings of forest management objectives, and
landowner sociodemographic information, obtained in the
survey, were utilized in this study.

2.1. Model and Variable Definitions. As demonstrated by
existing econometric research devoted to natural resource
management [3, 13, 24], we assume that landowner are
utility maximizers. Hence, landowners would only show their
interest in preparing management plan, if they maximize
expected utility in doing so [25]. Economic rationality further
dictates that landowners’ decision to adopt a management
plan is related with their plan to harvest in future. For
instance, since forest management plan helps landowners
to maximize their benefits, those having a plan to harvest
are likely to be benefited by obtaining a forest manage-
ment plan than others. To identify these relationships, two
regression equation models, namely, landowner future plan
to harvest model and forest management plan model, were
considered. It was hypothesized that both regression equa-
tions might share some correlated disturbances particularly
due to effect of some unobservable explanatory variables,
similar to a seemingly unrelated regression model [26, 27].
However, since both models had dichotomous dependent
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variables, seemingly unrelated regression approach could not
be applied here directly. Therefore, its nonlinear equivalent
called bivariate probit approach became appropriate for this
study [26].

Given that many forest related activities correlate with
each other, bivariate probit model has been routinely used
in the forest economics literature. For example, Mozumder
et al. (2008) [28] used bivariate probit model to investigate
intended evacuation from wildfires in wild land-urban inter-
face. Similarly, Creamer (2010) [29] used bivariate probit
model to analyze family forest landowners’ awareness of
forest certification programs. Joshi et al. (2013) [30] also used
the same model to understand woody biomass harvesting
behavior in Mississippi. Additionally, as plan to harvest
in future could be endogenous to landowner decision to
adopt a management plan, we jointly estimated the following
relationship by recursive bivariate probit model approach
[26, 27]:

*
Vi = Buxu +

[y = 1if y); >0, 0 otherwise]
(1)
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[yy = Lif y,; >0, 0 otherwise],

where y;; and y,; are two latent dependent variables and y,;
and y,; represent their observable components in the model.
Similarly, x,; and x,; represent the set of factors affecting
landowner plan to harvest and future and their decision
to obtain a management plan, f3;; and f3,; represent vector
of parameter coefficients, and y;; and p,; are error terms,
respectively [26, 27].

The bivariate normal cumulative distribution function
density can be expressed as

e—(1/2)(xf,,+x§,.—2px1,-x2,-)/(1—p2)
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2m(1-p?)

The likelihood function can be expressed as
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i=1

The correlation among unobserved explanatory variables
in both equations can be determined by the correlation
coeflicient (p), significance of which is an indication of
correlated disturbance terms. Finally, a nonlinear conditional
mean function, for estimating marginal effects in this model,
can be obtained as

D (yx;, (2Y5 — 1) yx;, (2Yy — 1) p)

E[Y, | Yy x;] =
MR 12V~ 1) ]

(4)

As explained earlier, two regression equations were pro-
posed for econometric analysis. In first regression model,
dependent variable MGTDECI was binary, with a “1” indicat-
ing those respondents who had a written management plan
and a “0” otherwise. For second regression model, dependent

variable FUHAR was also a binary, with a “1” for respondents
who planned to harvest in future and a “0” otherwise. All the
variables considered for econometric analysis are defined in
Table 1 with relevant descriptive statistics.

Among independent variables, size of forestland (ACRE),
one measure of landowner ownership characteristics, was
a categorical variable. Existing literature indicated that
landowners having higher forest acres were more interested
in harvesting than others [13, 31]. Zhang and Mehmood [32]
reported that landowners having more than 500 acres were
significantly more interested in seeking technical assistance
from professional foresters than others. Consistent with
these findings, Liao and Zhang [33] concluded that NIPF
landowners, particularly those having more than 500 acres,
were likely to maximize profit rather than utility from their
forestland. Therefore, following Zhang and Mehmood [32],
the binary variable “ACRE” was assigned as a “1” for those
having forestland of more than 500 acres and “0” otherwise.
The sign of this variable was expected to be positive in
both regression models. Another ownership characteristic
was landowner duration of ownership (DUR) which was
measured on a continuous scale. As timber harvesting is a
source of income, landowners who spend time and effort in
forest management would prefer a return from it in future.
Similarly, since landowners having longer ownership tenure
are also likely to understand the importance of a written
management plan, we expected a positive relationship of
this variable to exist with both dependent variables. Existing
literature on technical assistance indicated that landowners
with a pine plantation in their forestland were interested
in seeking technical assistance for harvesting and reforesta-
tion [32]. Joshi and Mehmood [13] also reported an active
forest management interest amongst southern landowners
who planted pine in their forestland. Following Zhang and
Mehmood [32], this variable was assigned as “1” if landowners
had more than 50% of pine plantation in forestland and
“0” otherwise. This variable was expected to have a positive
association with both dependent variables.

Among attributes explaining landowner management
motivations, landowner bequest motivation (BEQUEST),
which was assigned as a “1” for landowners having interest in
passing forestland to their heirs and “0” for others, has been
identified as one of the most important forest management
objectives in the southern United States [5]. Since the bequest
motive generally is a passive approach to managing forest-
land, we expected a negative association of this management
motivation to exist with a landowner decision to adopt a
forest management plan and their plan to harvest timber.
Another variable characterizing ownership motivation was
landowner interest in wildlife habitat management (HAB).
Since a written management plan can help landowners to
take the best nontimber related course of action to meet the
wildlife habitat management goal, we expected a positive sign
of this attribute with management plan regression model.
However, landowners who prefer to manage forestland for
wildlife habitat would not plan to harvest timber. Therefore,
we expected its negative sign in future plan to harvest
regression model. Two other variables capturing ownership
motivations were maintaining forestland as an investment
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TABLE 1: Definition and descriptive statistics of variables used in the model for landowner decision to prepare forest management plan.
Variable Definition units Mean Std. dev.
MGTDECI Whethgr or not landowner obtained a forest management plan, 1 if obtained, 0 0.279
otherwise
ACRE Total land of the landowner, 1 if it is more than 500 acres, 0 otherwise 0.244
PP The land occupied by planted pine, 1 if more than 50%, 0 otherwise 0.454
BEQUEST Landowner interest for timberland bequest, 1 if landowner is interested, 0 otherwise 0.886
FUHAR Landowner plan to harvest timber in future, 1 if landowner is interested, 0 otherwise 0.911
HAB Wildlife habitat management objective, 1 if management objective is wildlife habitat 0796
management, 0 otherwise ’
Obtaining optimal financial benefit as management objective, 1 if management
FIN . ..© .. . . 0.83
objective is obtaining financial benefit, 0 otherwise
INV Considering forest as an investment asset, 1 if landowner considers, 0 otherwise 0.84
DUR Duration of timberland ownership in years 33.219 23.15
AGE The age of the landowner 64.72 12.65
EDUCATION Tbe highest level. of landowner’s education, 1 if respondent has bachelor’s degree or 0.574
higher, 0 otherwise
GENDER Gender of landowner, 1 if male, 0 otherwise 0.820
INCOME Income of landowner, 1 if annual household income is more than $50,000, 0 0.756

otherwise

*Standard deviation is only reported for a continuous variable.

of assets (INV) and expecting highest financial return from
forestland (FIN). As landowners having such management
motivations would prefer to plant loblolly pine Dipesh et al.
[34] optimize economic benefits from their forestland, we
expected positive relationship of these attributes with both
dependent variables.

Among sociodemographic variables, INCOME, mea-
sured on categorical scale, was expressed as a “1” for landown-
ers having annual family income of 50,000 and above and “0”
for all others. Since landowners with a high annual income
would like to actively manage their forestland, it was expected
to have a positive relationship with both dependent variables.
Similarly, the attribute EDUCATION, which was categorical
in nature, was expressed as a “1” for landowners having at
least a bachelor’s degree and “0” for all others. As we know,
education helps to enhance overall professional and man-
agerial skills. Therefore, more formally educated landowners,
who have been found to participate actively in biomass
harvesting and silvicultural and other property management
activities [3, 13], might realize the benefits of having a forest
management plan more than others. Therefore, we expected a
positive association for this variable with landowner decision
to prepare a forest management plan as well as their interest
in timber harvesting. The attribute gender (GENDER), which
was assigned as a “1” for male landowners and as a “0” for
others, was also included in the model. Bliss et al. (1997)
[35] reported that female landowners were less interested
in management activities such as prescribed burning and
herbicide use than their male counterparts in Mid-Southern
United States. On the other hand, female landowners in
Alabama were more interested to seek technical assistance
than male landowners [10]. Given these results, we were
not sure whether there would be more or less likelihood

of female landowners, in comparison to male, in terms of
obtaining a forest management plan and interest in timber
harvesting. Finally, the landowners age (AGE), which was
measured in continuous scale, was expected to have negative
coefficient with both dependent variables. This is because
older landowners, all else constant, would be less interested
in active forest management activities [3].

3. Result

Out of 2,438 successful mailings, 703 landowners responded
to the mail survey, thereby representing a response rate of
28.8%. For this study, however, only 451 respondents com-
pletely answered all the questions of interest. Average tract
size of our study population was 461.8 acres. The majority of
the respondents were elderly with an average age of about
65 years, and most (87%) had previously harvested timber
and were planning to harvest in future (91%). However, only
about 28% of the respondents had a written management
plan. Highest percentage of the respondent landowners had a
bachelor’s degree, followed by a high school degree. Consis-
tent with the general landowner characteristics, their median
income (around $87,000) was well above than average income
in the state. To account for nonresponse bias, sociodemo-
graphic attributes of the landowner such as age, acreage, and
income between early and late respondents were compared.
These attributes, between early and late respondents, were
found to be statistically insignificant. Similarly, 50 randomly
selected nonrespondents were asked why they did not fill
out our survey questionnaire. The noted reasons for their
nonresponses reflected ownership changes, lack of time,
and lack of interest for filling out any survey questions.
Respondents and nonrespondents groups were generally
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TABLE 2: Results of recursive bivariate probit regression on landowner decision to prepare forest management plan and to harvest timber in

future.

Variables Management plan model Future harvest model
Coefhicients (z-ratio) Marginal effects Coeflicients (z-ratio) Marginal effects

ACRES 0.302"" (1.98) 0.117 0.704" (1.87) 0.008

BEQUEST —0.193 (0.88) -0.077

FUHAR 1.70%"" (5.45) 0.433

HAB 0.323" (1.88) 0.125 —-0.88""" (-3.00) —-0.001

FIN —-0.279 (1.27) —-0.111 0.85""" (3.12) 0.013

INV 0.664"" (2.41) 0.007

DUR 0.006" (2.13) 0.002 0.001 (0.31) 0.0006

PP 0.746™"" (3.46) 0.009

GENDER ~0.261 (1.62) ~0.103

INCOME 0.466"** (2.66) 0.176 ~0.248 (~1.08) ~0.0006

AGE ~0.016" (1.83) ~0.006

EDUCATION 0.176 (1.20) 0.069 0.640*** (2.77) 0.006

INTERCEPT ~2.50"** (~0.358) 1.55"* (2.29)

Log-likelihood ratio —-341.475

Rho ~0.78"** (6.78)

***Significant at 1% level, ** significant at 5% level, and " significant at 10% level.

similar in terms of their sociodemographic attributes. Slightly
different observations found in followup phone call was with
education attribute, as more nonrespondents were less for-
mally educated than respondent landowners. These reasons
reflect personal preferences or issues behind nonresponses
rather than anything causing systematic bias. Nonetheless, a
nonresponse bias cannot be neglected completely in case of a
low response rate and results require a careful interpretation.
Results from the recursive bivariate probit model explaining
the potential determinants of NIPF landowner decisions to
prepare a forest management plan and their future plan
to harvest timber are reported in Table 2. Similar to what
we expected, the correlation coeflicient (p) was significant,
indicating that both regression equations shared correlated
disturbances and would suffer from specification bias, should
we opted to analyze them independently. The log likelihood
ratio was significant at 1% indicating that the recursive
bivariate regression model was overall a good fit. None of
the explanatory variables used in the model suffered from
multicollinearity. Some of the independent variables with
inconsequential explanatory power were dropped from both
models, after making a confirmation with a likelihood ratio
test.

3.1. Results from Management Plan Regression Model. Among
the nine variables included in the final management plan
regression model, five variables were significant at the 10%
level or less. Among the variables characterizing landowner-
ship, size of landowner’s forestland had a positive coefficient
and was significant at the 1% level. In terms of marginal
effects, landowners with a large tract of forestland were 11%
more likely to prepare a forest management plan than those

having a small or medium tract of forest. Similarly, landowner
duration of ownership was also positive and significant at the
5% level. Among the variables that characterize landowner
management motivations, landowners who plan to harvest
timber in the future were positive and significantly con-
tributing dependent variable of interest. Estimated marginal
effects revealed that landowners with a plan to harvest
timberland in the future were 43% more likely to obtain a
management plan than those who do not wish to harvest
timberland in the future. As expected, wildlife management
(HAB) was positive and significant at 10% level. Among the
sociodemographic variables, annual income had a positive
and significant impact on a landowner’s decision to obtain a
forest management plan.

3.2. Results from Future Plan to Harvest Regression Model.
Among the nine variables included in the final future plan
to harvest regression model, six variables were significant
at the 10% level or less. Among the variables characterizing
landownership, size of landowner’s forestland had a positive
coeflicient and was significant at the 10% level. Among forest
management objectives, receiving the highest financial return
possible from forestland (FIN) was positive and significant at
1% level. Likewise, as expected, wildlife management (HAB)
was negative and significant at 5% level. Similarly, landowner
interest on maintaining forestland as an investment of assets
(INV) was also significant at 5% level. Among ownership
characteristics, pine plantation (PP) was positive and sig-
nificant at 1% level. Finally, among the sociodemographic
variables, landowner education (EDU) was positive and
significant at 1% level, whereas age (AGE) was negative and
significant at 10% level.



4. Discussion

Consistent with our expectations, results indicated that land-
owners having a larger tract of forestland, holding all else
equal, were more likely to obtain a forest management
plan. Similar to earlier conclusions [31, 36], landowners
with large ownerships may perceive their property as an
investment and would like to optimize the potential financial
benefits. Past results indicated that the higher income group
of landowners, who are likely to have greater access to
resources needed for management, can consider forestland as
an investment and would be interested in optimizing financial
benefits [3, 30]. Results based on second model generally
complemented above findings as landowners having higher
acres of forestland, seeking highest financial return, having
pine plantations, and considering forestland as an investment
opportunity were planning to harvest in the future. However,
significance level and marginal effects of the attributes such
as acres and income were stronger in the management plan
regression model indicating that management plan strongly
appeals to wealthier landowners having higher landholding
size. These results indicate that landowners having smaller
landholding size might consider management plan as a
financial burden as their net benefits would be relatively
smaller compared to those having higher land acreage.

Landowners with a plan for timber harvesting in the
future can be argued as active forest managers. Since a forest
management plan provides a detailed schedule of activities to
be carried out to meet landowner objectives, the interest of
these landowners in forest management plans, all else equal,
seems justifiable. Similarly, result indicated that landowners
would more likely prepare a forest management plan if
the duration of their land tenure was longer. Since people
learn from experience, it is fair to argue that people would
learn, either by themselves or through government sponsored
extension programs, about best suited alternatives for them
during the course of time.

One interesting finding was that while landowners having
wildlife habitat management objectives were more interested
in obtaining a management plan, they were significantly
less interested in future timber harvesting activities than
others. These results indicate that management plan does not
only appeal to those having timber harvesting objectives but
also to others with an active interest in forest management
activities. As ideal wildlife habitat management requires
identification of habitat component, wildlife inventory, and
potential management practices [37], thoughtful planning
is needed to meet the management goal. This could be the
reason why landowner having wildlife management objec-
tives refrained to harvest timberland but were interested in
obtaining a management plan.

Our results suggest that landowners having low income
and less formal education were not as interested in preparing
forest management plans and in timber harvesting. Moreover,
elderly landowners were less interested in future timber
harvesting. Our study results indicate that such landown-
ers do not consider forest management as an investment
opportunity and prefer to manage forestland passively. This
general finding is consistent with other landowner studies in
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the past [19, 38, 39]. Majumdar et al. [19] noted that only
10% of the landowners with lower income and education had
a written management plan. Despite the income generation
opportunities, recent literature [19, 38, 40] indicated that
elderly landowners with small tract size, with a lower income
and with a lower level of education, do not consider the forest
as a potential source of income.

5. Conclusion

This study has highlighted some important issues related
to private forest landowners’ likelihood in preparing forest
management plans. Since a large percentage of landowners
in the United States have a small or medium size of forest
tract, which are rapidly declining due to parcelization [41, 42],
the reason behind the low motivation for a management plan
among the majority of the NIPF landowners is evident. As
a large tract of forestland provides higher productivity and
economic viability, a decrease in landholding size, coupled
with an increase in landownership number, has resulted
in passive or even lack of interest amongst landowners in
forest management activities [18, 42]. Therefore, our results
point to a need for awareness and training for elderly, less
formally educated, and underserved group of landowners
pertaining to the potential benefits of having a management
plan. While some elements of forest management plan might
be common among landowners, it is always important to
obtain an individual written forest management plan from a
professional forester to meet individual forest management
goals. Management plan provides several economic, environ-
mental, and tax related benefits. While there might be some
initial costs to prepare, landowners in local income categories
can generally benefit from federally assisted stewardship
programs in obtaining a written management plan.

Despite the importance of a management plan in sus-
tainable forest management, not many studies in the past
have seriously analyzed this issue. We admit the fact that,
in the absence of well documented literature, the selection
of independent variables may have suffered from researcher
subjectivity bias. Nevertheless, it is clear from our study that
many landowners with a low level of income and education
and those having small or medium tract size of forestland,
who are interested in active forest management but are not
aware of forest management plan, need special attention in
government sponsored extension efforts to increase their
motivation to prepare forest management plans in United
States.
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