
 

1 

 

Abstract 

In this study we investigate and synthesize the accumulated knowledge of forest landowner behavior and how this 

behavior can be integrated in forest sector models. Through a systematic literature review of 36 econometric studies 

we summarize the key determinants to harvesting decisions among four distinct ownership classes. Vote counting is 

applied to identify the overall sign of impact for each determinant. Our results suggest that properties of the 

forestland and economic variables are the categories of determinants most frequently found in empirical studies of 

private forestland owners. For NIPF owners, identified determinants also include individual properties of the 

forestland owner. From the results we conclude that that harvesting choices by forest owners respond to prices and 

other economic incentives, and hence potentially can be integrated in forest sector models. Research gaps are 

identified mainly for institutional and public ownerships where more knowledge is needed regarding determinants to 

harvesting decisions. 

 

Introduction 

Bioenergy from woody biomass is increasingly discussed as a possible solution to issues regarding energy security 

and the mitigation of global warming. Forest sector models are developed to simultaneously capture the multiple 

economic, technical and social aspects of a large-scale implementation of bioenergy. Models involving economic 

interactions on a market always rely on behavioral assumptions about the economic agents involved. Forest owners 

are typically modeled as profit seeking firms, operating on a perfect market with complete information, amongst 

other standard economic assumptions. Unless more specific behavioral assumptions are introduced in the model, all 

forest owners are implicitly assumed to behave in the same way, operating towards the same goals, with the same 

knowledge and so on. This has implications for the validity of the model, where the size of the bias depends on the 

discrepancies between actual and modeled behavior within each ownership class and the relative sizes of these 

classes.  

In the literature, forest owners are often categorized into four main classes  – industrial, institutional, non-industrial, 

and public forest owners (e.g., Kant and Alavalapati, 2014). These ownership classes may differ notably in their 

responsiveness to prices amongst many other aspects. The industrial and institutional owners are expected to have 

profit seeking objectives, although with important differences, while the non-industrial and public owners to a high 

extent can be expected to operate towards other goals than profit seeking. The industrial ownership class includes 

large-scale forest owners with vertically integrated processing facilities, as well as smaller industrial forest owners 

with processing facilities but not enough land to be self-supplying on woody feed-stock. Institutional owners is a 

recently growing class of forestland owners who often have investment objectives for their ownerships. Examples of 

institutional owners are pension funds, NGO:s and investors whose objective of owning forestland is to diversify 

their portfolios. Institutional owners often hire large specialized firms to manage their forests, known as timberland 

investment management organizations (TIMOs).  Non-industrial private forest (NIPF) owners  constitute the least 

homogeneous of the ownership classes. This class consists of small-scale forest owners, including farmers who also 

own forestland. They operate towards a wide range of different objectives, and are often modeled as utility 

maximizing individuals instead of profit seeking firms, who may also value their forest as a leisure good (e.g., 

Beach, Pattanayak et al., 2005). Public forest owners constitute globally the most common class of forest owners and 

also operate towards multiple objectives other than profit seeking. Responsibilities of public forestry agencies 

include stewardship of non-commercial lands, allocation among land and resource uses, protection and control of 

natural hazards, technology transfer and forestry research (Hyde, 2012). 
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Previous reviews of determinants to forest owners’ harvesting decisions 

Beach, Pattanayak et al. (2005) reviewed 18 econometric studies on determinants to NIPF timber harvesting behavior 

published between the years 1981–2000. Vote counting  was applied to evaluate signs and statistical significances of 

parameter estimates from a total of 20 distinct regression models. Four primary categories of determinants were 

confirmed: market drivers, policy variables, owner characteristics and plot/resource conditions. Market drivers and 

plot/resource conditions were included in most of the reviewed studies (95% and 90% of all studies, respectively). 

Market drivers were found to be considerably less frequently statistically significant than the other categories, while 

plot/resource conditions were statistically significant in most studies (94% of times included). Owner characteristics 

and policy variables were also significant in most studies (92% and 80% of times included, respectively) but overall 

less frequently included (65% and 25% of all studies, respectively). However, considering the relatively low number 

of reviewed studies, the results are less conclusive for these two categories, particularly for the policy variables. 

Among the market drivers, the most notable results were that only 58% of the reviewed studies found the price effect 

statistically significant and positive, and that less than two thirds of the studies found any of the market drivers to be 

statistically significant.  

Silver, Leahy et al. (2015) reviewed studies on NIPF forest management behavior including 28 econometric studies 

on determinants to NIPF timber harvesting intent or actual harvesting behavior. Among the most frequent 

statistically significant determinants (with 5+ citations) positive effects were found for parcel size, harvest price and 

education, while absentee ownership and age had negative effects. Income and farmer occupation were also 

frequently significant, but less conclusive due to inconsistent signs of the coefficient estimates. Among the less 

frequent determinants (3-4 citations) positive effect were found for forester assistance, years of ownership, white 

collar occupation, management plan and timber objective, while amenity objectives had negative effects. 

 

Aims and scope of this study 

The aim of this study is to investigate and synthesize the accumulated knowledge of forest landowner behavior and 

how this behavior can be integrated in forest sector models. Through a systematic literature review of empirical 

studies we summarize the key determinants to harvesting decisions among four distinct ownership classes. We 

review 36 published studies between 1984 and 2016, including studies on harvesting decisions regarding sawtimber 

and pulpwood but also studies on non-industrial private forest (NIPF) owners’ willingness to harvest residuals for the 

purpose of bioenergy (e.g., Shivan and Mehmood, 2010). A simple method of ‘vote counting’ is applied in order to 

identify the overall sign of impact for each determinant, as further described in the method chapter. Based upon the 

results from the reviewed literature, we discuss the possibilities to integrate the harvesting behaviour of different 

classes of forest owners into forest sector models. This study contributes to the economic literature by increasing our 

knowledge of forest owners’ behaviour and addresses important issues from a policy perspective, both directly 

regarding forest ownership and management and indirectly through its potential applications in forest sector 

modeling. 

 

The  scope of the empirical review is limited to the determinants of forest owners’ harvesting decisions, which affect 

the short-run supply of woody biomass. In the longer run, the supply is also determined by forest management 

decisions and silvicultural treatments which are not covered in this review. In order to cover the total supply of 

woody biomass from an economic point of view, studies on harvesting determinants for all parts of the trees are 

reviewed. The total supply is divided into two main categories, timber (i.e. sawtimber and pulpwood) and residues 

for bioenergy (i.e. stumps, tops and branches). For full coverage, the review also includes studies on all types of 

forestlands (productive and unproductive, including preserved areas) under all types of forest ownerships. The total 

forest ownership is divided into four classes – industrial, non-industrial, institutional and public owned forestland. 

Formally, the time scope of the empirical review is not limited to a certain span of years. However, for the aim of 

identifying behavioral determinants for use in economic models, the scope is limited to econometric studies of which 

in practice limits the time scope to 1980s and forward. The type of studies covered is limited to academic papers, 

either published or working papers. For reasons of comparability as well as the availability of studies, the geographic 

scope of the paper is limited to OECD countries. 
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Methods 

The studies included in this review are obtained by systematic searches in Web of Science for relevant search terms 

(e.g. ‘timber harvest’, ‘NIPF’, ‘public forest’, etc.) together with complementary searches in Google Scholar through 

the references of the studies obtained from the systematic searches. Among the results from systematic searches, 

studies are filtered out based on inclusion criteria, including that the study estimates one or several econometric 

models with harvest decisions (actual decisions or stated willingness-to-harvest etc.) as the dependent variable, i.e. 

the studies that measure determinants to harvesting decisions regarding timber (sawtimber or pulpwood) or residues 

for the purpose of producing bioenergy. 

 

For the analysis of the included studies we apply a simple ‘vote counting’ method to identify the overall sign of 

impact for each determinant. To qualify as overall statistically significant, each determinant must satisfy three 

conditions: The coefficient must be estimated at least 5 times, it must have a significance rate (defined as the share of 

estimates that show statistical significance on 95-percent level) of at least 50 percent and the estimates must show 

consistency in the sign of impact, confirmed by a statistical sign test on 95-percent significance level. While the sign 

test is the main criterion for significance, it needs to be completed by a criterion for minimum significance rate due 

to how the sign test ignores ‘ties’ in the data. Since the sign test is based on statistic inference, it also requires a 

minimum number of observations to perform well and hence the criterion for minimum number of estimates. 

 

Results 

 

This review includes 134 estimates of determinants to harvesting decisions by landowners from 36 published studies 

between 1984 and 2016. The majority of studies are from North American with focus on the timber supply of non-

industrial private forest (NIPF) owners, but studies from other countries, particulary Europe, are also covered. The 

review includes 25 studies on harvesting decisions regarding timber (i.e. sawtimber and/or pulpwood) and 11 studies 

regarding non-industrial private forest (NIPF) owners’ willingness to harvest residuals for the purpose of bioenergy 

(e.g., Shivan and Mehmood, 2010). The absolute majority of studies found for this review are focusing on NIPF 

owners. Amongst the 25 studies on timber harvesting, only one study (Adams, Binkley et al., 1991) does not include 

any estimates for NIPF owners. The 24 studies including estimates for timber harvesting decisions taken by NIPF 

owners consist of 17 studies on NIPF owners exclusively (e.g., Boyd, 1984) and 7 studies on multiple ownership 

classes (e.g., Prestemon and Wear, 2000). Out of the 7 studies on multiple ownerships, 2 of the studies do not include 

separate model specifications for the different ownership classes (i.e. joint models are estimated with ownership 

classes entered as dummy variables). These studies (Munn, Barlow et al., 2002 and Pattanayak, Murray et al., 2002) 

are excluded from the vote counts in this review since they are not representative for any single ownership class 

exclusively. For industrial owners, 7 studies are included in this review out of which 5 studies provide determinants 

for industrial owners exclusively. Only 2 studies on institutional owners (Sun, 2011 and Zhang, Sun et al., 2015) 

were found for this review, and 3 studies on public owners out of which only 2 provide determinants for public 

owners exclusively (Prestemon and Wear, 2000 and Adams, Binkley et al., 1991). Models estimated in multiple 

stages, e.g. Tobit and 2SLS models, are given one ‘count’ per stage since they often estimate the same or similar 

determinants in more than one stage. Table 1 provides a complete list of the reviewed studies, together with our 

classifications of objectives (dependent variable related to harvesting timber or residuals for bioenergy) and the 

number of vote counts per study and ownership class (one ‘vote’ per estimate counted). 

 

The results from the vote counting suggest that forestland properties (e.g. forest plot areal, timber volume and site 

quality) are the overall most frequently statistically significant determinants to harvesting decisions among both non-

industrial private forest (NIPF) owners and industrial forest owners, followed by economic variables (e.g. timber 

prices and costs related to harvesting). A number of non-economic variables related to the forest owners themselves, 

in this review categorized as professional properties, personal properties and objectives and values, also show 

frequent significance for NIPF owners. However, results for these categories of variables can not be compared 

between different ownership classes based on this review, since these variables are not included in studies of other 

ownership groups than NIPF. 
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Table 1: Complete list of reviewed studies, objective and vote counts per ownership class 

Authors (Year) Objective Ownership classes (vote counts) 

Boyd (1984) Timber harvest NIPF (2) 

Dennis (1990) Timber harvest NIPF (2) 

Adams, Binkley et al. (1991) Timber harvest Public (4) 

Newman and Wear (1993) Timber harvest NIPF (2), industrial (2) 

Lidestav and Ekstrom (2000) Timber harvest NIPF (3) 

Prestemon and Wear (2000) Timber harvest NIPF (2), industrial (2), public (1) 

Bolkesjo and Baardsen (2002) Timber harvest NIPF (6) 

Munn, Barlow et al. (2002) Timber harvest Joint (2) NIPF, industrial, public 

Pattanayak, Murray et al. (2002) Timber harvest Joint (12) NIPF, industrial 

Conway, Amacher et al. (2003) Timber harvest NIPF (1) 

Vokoun, Amacher et al. (2006) Timber harvest NIPF (8) 

Bolkesjo, Solberg et al. (2007) Timber harvest NIPF (16) 

Liao and Zhang (2008) Timber harvest NIPF (2), industrial (2) 

Stordal, Lien et al. (2008) Timber harvest NIPF (4) 

Favada, Karppinen et al. (2009) Timber harvest NIPF (4) 

Joshi and Arano (2009) Timber harvest NIPF (1) 

Dhubhain, Maguire et al. (2010) Timber harvest NIPF (1) 

van Putten and Jennings (2010) Timber harvest NIPF (3) 

Shivan and Mehmood (2010) Residues harvest NIPF (6) 

Sun (2011) Timber harvest NIPF (4), industrial (4), institutional (8) 

Joshi and Mehmood (2011) Residues harvest NIPF (1) 

Gruchy, Grebner et al. (2012) Residues harvest NIPF (3) 

Markowski-Lindsay, Stevens et al. (2012) Residues harvest NIPF (1) 

Becker, Eryilmaz et al. (2013) Residues harvest NIPF (1) 

Hendee and Flint (2013) Timber harvest NIPF (1) 

Joshi, Grebner et al. (2013) Residues harvest NIPF (4) 

Aguilar, Cai et al. (2014) Residues harvest NIPF (6) 

Francisco X. Aguilar (2014) Residues harvest NIPF (2) 

Garcia, Kere et al. (2014) Timber harvest NIPF (2) 

Kuuluvainen, Karppinen et al. (2014) Timber harvest NIPF (2) 

Petucco, Abildtrup et al. (2015) Timber harvest NIPF (1) 

Poje, Pezdevšek Malovrh et al. (2015) Timber harvest NIPF (2) 

Sjølie, Becker et al. (2015) Residues harvest NIPF (4) 

Zhang, Sun et al. (2015) Timber harvest NIPF (2), industrial (2), institutional (4) 

Wolde, Lal et al. (2016) Residues harvest NIPF (1) 

Cai, Narine et al. (2016) Residues harvest NIPF (3) 

Total number of vote counts: 134 (103 NIPF, 12 industrial, 12 institutional and 5 public) 

 

Results for non-industrial private forest owners 

Among the determinants to harvesting decisions among NIPF owners, the results show statistical significance for 11 

forestland properties, 5 economic variables, 3 professional properties, 3 personal properties and 2 objectives/values. 

The determinants are listed in tables 2-4 together with signs and significance levels of their estimated impacts, 

number of inclusions (vote counts) and significance rate (share of estimates showing statistical significance). The 

most frequently included determinant, among the forestland properties and overall, is forestland areal which shows a 

positive impact on harvesting decisions. Timber volume and timber volume growth also show positive impacts (and 

marginally decreasing, indicated by the negative estimates for the squared terms). Other determinants with positive 

impacts on harvesting decisions include the share of pine trees and whether the forest is integrated with a farm, while 

the slope of the forest has a negative impact. Signs of impacts are generally as expected as the willingness to harvest 

should increase with scale and commercial potential of the forestland plot, and decrease with variables indicating a 

lower level of accessability and increased costs of harvesting. Among the economic variables, timber prices were the 

most frequently included and the estimates show expected signs. The willingness to harvest increases with the price 
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in the current period and decreases with prices in other periods. The negative impact of future prices indicate rational 

expectations, i.e. that NIPF owners are able to predict and respond to future timber prices. Professional properties 

show positive impacts as expected, since a written forest management plan, membership in a forestry organization or 

being/hiring a professional forester are factors which should correlate positively with harvesting intentions. Among 

the personal properties, only age showed overall statistical significance based upon our criteria for this review. Age 

is the second most frequently included variable in the NIPF studies and shows a negative impact on harvesting 

decisions. Finally, among the objectives and values, support/awareness of bioenergy (a variable only included in 

studies with a such focus) shows a positive correlation with the willingness to harvest forest residues for this 

purpose. The other determinants indicating the NIPF owner’s objectives or values show negative impacts, such as 

amenity values (e.g. enjoying the beauty of nature), lack of objective with the forest ownership (indifferent owner) or 

not having any intention to harvest timber. 

 

Table 2: Forestland properties determining NIPF owners’ harvesting decisions 

Determinant to forest owner’s 

harvesting decision 

Sign of impact and 

significance level 

Number of  

inclusions 

Significance  

Rate 

Forestland plot areal Positive *** 73 62% 

Timber volume Positive *** 45 84% 

Timber volume squared Negative *** 8 100% 

Share of pine Positive *** 13 69% 

Integrated farm Positive *** 9 78% 

Volume growth Positive insig. 9 67% 

Volume growth squared Negative *** 6 100% 

Artificial forest Positive *** 6 100% 

Site quality Positive *** 5 80% 

Slope of forestland Negative *** 9 56% 

Structures on forestland Negative *** 8 50% 

 

Table 3: Economic variables determining NIPF owners’ harvesting decisions 

Determinant to forest owner’s 

harvesting decision 

Sign of impact and 

significance level 

Number of  

inclusions 

Significance  

rate 

Price at harvesting decision Positive *** 57 70% 

Wealth of landowner Positive *** 16 69% 

Debts of landowner Positive *** 6 67% 

Price before harvesting decision Negative *** 18 67% 

Price after harvesting decision Negative *** 5 80% 

 

Table 4: Professional properties determining NIPF owners’ harvesting decisions 

Determinant to forest owner’s 

harvesting decision 

Sign of impact and 

significance level 

Number of  

inclusions 

Significance  

rate 

Management plan Positive ** 12 50% 

Membership Positive ** 7 71% 

Professional forester Positive *** 6 83% 
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Table 5: Personal properties, objectives and values determining NIPF owners’ harvesting decisions 

Determinant to forest owner’s 

harvesting decision 

Sign of impact and 

significance level 

Number of  

inclusions 

Significance  

Rate 

Age of forest owner Negative *** 66 58% 

Supports/aware of bioenergy Positive *** 20 50% 

Amenity values Negative *** 21 57% 

Indifferent owner Negative *** 6 83% 

No harvesting intentions Negative *** 5 80% 

 

 

Results for industrial, institutional and public forest owners 

For industrial, institutional and public forest ownerships, considerably fewer studies were found for this review. 

Since the criteria for overall statistical significance requires 5 vote counts, this results in fewer determinants 

identified among these ownership classes. For industrial owners, the results suggest 5 forestland properties and 2 

economic variables. For the institutional owners, 4 forestland properties were the only identified determinants and 

for public owners only 1 economic variable. However, the number of studies on institutional and public owners are 

too low for the results to be conclusive for these two ownership classes. Tables 6 and 7 show the identified 

determinants for industrial forest owners, together with signs and significance levels of their estimated impacts, 

number of inclusions (vote counts) and significance rate. Signs of estimated impacts are expected and consistent with 

the results for NIPF owners, suggesting that the two ownership classes respond similarly in terms of sign to factors in 

these categories. (Results of the reviewed studies generally also find differences in quantitative impact between 

ownership classes, which is outside the scope for this study.) The negative response to future prices confirm that 

future timber prices are predictable for forest owners, as the results for NIPF owners also suggest. 

 

 

Table 6: Forestland properties determining industrial owners’ harvesting decisions 

Determinant to forest owner’s 

harvesting decision 

Sign of impact and 

significance level 

Number of  

Inclusions 

Significance  

Rate 

Timber volume Positive *** 10 80% 

Artificial forest Positive *** 6 67% 

Volume growth Positive *** 6 50% 

Slope of forestland Negative *** 6 83% 

Structures on forestland Negative *** 6 67% 

 

 

Table 7: Economic variables determining industrial owners’ harvesting decisions 

Determinant to forest owner’s 

harvesting decision 

Sign of impact and 

significance level 

Number of  

Inclusions 

Significance  

Rate 

Price at harvesting decision Positive *** 9 89% 

Price after harvesting decision Negative *** 5 100% 

 

Conclusions 

From the results of the empirical review, we can conclude that harvesting decisions among non-industrial private 

forest (NIPF) owners as well as industrial forest owners respond to prices and other economic incentives. The 

existence of such behavioral responses with respect to harvesting decisions suggests that the behaviour of forest 

owners within different ownership classes can be integrated in forest sector models. For NIPF owners, harvesting 

decisions also correlate with individual factors such as the age of the forestland owner, and variables indicating 

professional harvesting intentions as well as values and motives for the forest ownership. This result supports the 

common notion that NIPF owners should be modelled as utility maximizing consumers rather than profit maximizing 

firms. However, based on the results for this study, we can not conclude that this behavior differs from other 

ownership groups since such individual factors have not been sufficiently tested in econometric studies of other 
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ownership classes than NIPF owners. This result as well as the general lack of studies on institutional and public 

owners indicates that, while NIPF owners has been subject to plenty of studies over the years, there are research gaps 

which need to be filled in order to increase our knowledge about other ownership classes and how they differ from 

NIPF owners in terms of determinants to harvesting decisions. From a policy perspective, the result also suggests 

that the short-run supply of biomass to some extent may be possible to control through policy tools addressing 

factors related to the determinants found in this study, e.g. though price policy tools or information aiming to to 

increase the awareness of bioenergy among forest owners. The potential impact of such policies is not investigated in 

this study, but is instead a suggestion for future studies e.g. through the use of forest sector models. 
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