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29 The importance of timber prices and other factors for harvest 

30 increase among nonindustrial private forest owners 
31

32 Abstract

33 Increased harvest is high on the forestry and climate policy agenda in several countries. We 

34 explored to what extent private non-industrial forest owners in Norway are willing to increase 

35 harvest due to elevated hypothetical prices by carrying out a national-wide survey of forest 

36 owners. The results indicate that owners who have not harvested timber for sale the last 

37 fifteen years do not respond to large price shifts. Instead, ownership objectives and knowledge 

38 of a key policy instrument predict willingness to enter the timber market among these owners. 

39 The willingness among owners who have sold timber the last fifteen years depends on these 

40 factors, in addition to price, forest area, income and gender. Female owners were significantly 

41 less willing than male owners to increase harvest. Once the decision to harvest was taken, the 

42 stated timber supply volume per area unit decreases with productive forest area both among 

43 active and inactive owners. With regard to sources of information, owners who have not 

44 harvested timber the last fifteen years use to less extent the information sources other owners 

45 do. Forest policies and extension services should acknowledge that for stimulating forest 

46 owners outside the timber market to supply wood, other factors than price are important, and 

47 that alternative information pathways should be explored for reaching these owners. 

48 Key words: Roundwood supply, timber supply; Scandinavia, boreal forests, wood 

49 mobilization, family forest owners, information sources

50
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51 I. Introduction

52 Wood mobilization is high on the policy agenda in the EU (European Commission 2012) and 

53 Norway (Norwegian Ministry of Food and Agriculture 2011) for meeting socio-economic and 

54 climate-change mitigation objectives. This priority is supported by rapid accumulation of 

55 forest growing stock, due to timber harvests that on average are 30% below growth in Europe 

56 (FOREST EUROPE 2015). In the 28 countries that together form the European Union, more 

57 than 60% of the forest belong to non-industrial, private forest owners (NIPF) (FOREST 

58 EUROPE 2015), which thus are of major importance for timber supply. In a survey carried 

59 out among small-scale forest owners in eight European countries, timber supply was on 

60 average considered a lower importance management objective than enhancing natural 

61 resources, landscapes, biodiversity, recreation and bequest values (Wiersum et al. 2005). In 

62 Norway, timber was harvested for sale over the last twenty years on about half of the forest 

63 properties (Statistics Norway 2017).

64 The reservation prices of the timber harvested for sale are equal to or lower than the 

65 prevailing timber prices. However, the reservation prices of forest owners who do not harvest 

66 are higher than the market prices, but unknown how much higher and thus at which point the 

67 owners may decide to enter timber markets. The concept of reservation price in forestry was 

68 first applied by Brazee and Mendelsohn (1988) and Lohmander (1988), and later reviewed by 

69 Gong and Löfgren (2007). Fina et al. (2001) analyzed how reservation price strategies depend 

70 on landowner debt. Stated-preference framework may help in the understanding of forest 

71 owner preferences not observable as behavior in the markets. Only the behavior of forest 

72 owners selling timber is observable, which may differ from the behavior of forest owners who 

73 do not participate in timber markets. 

74 Contrasted to the rich literature of timber supply studies in the revealed preferences 

75 framework (see e.g. Silver et al. (2015) and Beach et al. (2005) for reviews), there are only a 
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76 few studies of timber supply behavior not based on historical records, all from the US. 

77 Kennedy (2001), Conway (2002) and Vokoun et al. (2006) studied reservation prices of NIPF 

78 owners in Virginia by using a multiple bounded discrete choice questionnaire; Conway’s 

79 study included also Mississippi. Absentee owners and owners with high income were found to 

80 have lower reservation price than others. Environmental motives, recreation, long ownership 

81 tenure and bequest motives suggested high reservation prices. Cai et al. (2016) asked NIPF 

82 owners in Michigan, Minnesota and Wisconsin about their willingness to harvest timber and 

83 biomass. The most important predictors of willingness to harvest were timber and biomass 

84 prices, supporting harvest of woody biomass, interest in firewood production and intentions of 

85 future timber sales. 

86 Besides these few studies, we have not come across studies of how owners would respond to 

87 hypothetical price shifts. Motivations for owning forest land and owner behavior may vary 

88 with the geographical, social and economic context. Few direct comparisons between 

89 American and Norwegian/Scandinavian ownership exist, but Håbesland et al. (2015) reported 

90 that the way of acquiring forestland vary considerably between the U.S. and Norway. It is 

91 therefore important to have more analyses outside the regional scope of the cited studies. 

92 Also, the quoted studies did not compare directly differences between forest owners who are 

93 selling timber with owners who are not. The main objective of this paper is to assess forest 

94 owners’ increased willingness to harvest due to elevated hypothetical prices and to scrutinize 

95 differences between forest owners who already sell timber and those who do not. Specifically, 

96 the following research questions are addressed:

97 a. To what extent do higher timber price and other factors impact on the willingness to 

98 harvest among NIPF owners?

99 b. What are the main differences regarding the willingness to harvest between forest 

100 owners who already sell timber and those who do not?
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101 To analyze these questions, we conducted a unique survey of Norwegian NIPF owners. The 

102 survey data were combined with data from the nationwide property and tax registers 

103 administrated by Statistics Norway. 

104 We continue by presenting the theory and hypotheses before the data. Then the results are 

105 provided, and finally the findings are discussed and conclusions drawn. 

106

107 II. Methodology

108 Theory and hypotheses

109 Let u = u(Hj x p, Aj, i), 

110 Where u is an owner’s utility from the forest, Hj is harvest volume, p the offered timber price, 

111 A amenities, i the interest rate and j a binary variable (1 or 0) denoting whether the 

112 landowners accepts the offered price (j = 1) or not (j = 0). H0 = 0, and Hj > 0 for j = 1. 

113 Amenities is defined as all non-timber values arise today as well as future value of timber 

114 stock. The function is separable. 

115 It follows that the rational owner will accept the offered price if 

116 u(Hj x p, A1, i) > u(A0, i).

117 u is assumed to increase in A, but at a decreasing rate; i.e., ∂U/∂A > 0; ∂2U/∂A2 < 0.

118 However, it can be assumed that the utility derived from amenities varies with forest and 

119 owner characteristics, i.e. 

120 u(Aj) = f(O, F)

121 where O are owner characteristics and F are forest characteristics. The main variables 

122 determining O are assumed to be non-forest (exogenous) income and wealth and ownership 
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123 objectives. The main forest characteristics determining the utility are assumed to be age and 

124 state of forest including qualities relevant for current and future timber price, production 

125 opportunities in current and future stand as well as growing stock.  

126 Based on the literature about NIPF timber supply and economic theory, we set up the 

127 variables in Table 1 that we hypothesize will impact the willingness to harvest. The higher the 

128 offered price, the more forest owners are willing to harvest, as found in several studies 

129 reviewed by (Beach et al. 2005). Female owners have been found to harvest less than male 

130 owners (Kuuluvainen et al. 2014), while bequest values may dampen willingness to harvest, 

131 in line with findings in Kennedy (2001). Ambiguous impacts of the owner’s financial 

132 situation in terms of net wealth and income have been found; owners who do not depend on 

133 timber income may value amenities higher and thus harvest less (Vokoun et al. 2006; 

134 Bolkesjø et al. 2007; Kuuluvainen et al. 2014), while net wealth has been found to impact 

135 positively on harvest (Kuuluvainen et al. 1996). 

136 We are not aware of timber supply studies that directly have included knowledge of central 

137 policy instruments directed towards forest owners. However, we believe that such knowledge 

138 could function as a proxy for the general knowledge and information level of important 

139 economic and management aspects in forestry. We hypothesize that owners who are not 

140 familiar with important instruments are less inclined to harvest. In Norway, the so-called 

141 “forest fund” is such a policy instrument: forest owners are obliged to set aside minimum 4% 

142 (and maximum 40%) of the forestry gross income to this fund. The set-aside amount is not 

143 subject to taxes, and if invested in forestry, only 15% is subject to income tax. Knowing about 

144 this rule will supposedly stimulate the owner to harvest, due to its substantial effect on the 

145 after-tax income and the costs of establishing new stands. There are however a few studies 

146 that have looked at the impacts of contact with a forester/technical assistance, as well as 

147 membership or contact with a wood owners association, as reported by Silver et al. (2015). 
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148 Silver et al. (2015) found a positive impact of such contact on the decision to harvest; these 

149 variables could potentially capture some of the same underlying effects as our “forest fund 

150 knowledge” variable. 

151 Mixed impacts of interest rate on timber supply is reported in the literature (Beach et al. 

152 2005). Ownership objectives have been found to have significant impacts on timber supply. 

153 The likelihood that an owner would accept a hypothetical timber bid offer was by Kennedy 

154 (2001) and Conway (2002) found to be negatively impacted by bequest motives and 

155 positively by investment motivation. According to Conway (2002), owners with 

156 environmental motives for ownership and who used their forest for recreation had higher 

157 reservation prices than others. A positive relationship between forest area and timber supply 

158 engagement has been recognized in several studies (Beach et al. 2005). The effect of distance 

159 between home and forest in the literature is mixed (Conway 2002; Beach et al. 2005; Cai et al. 

160 2016).

161 (Table 1)

162 Survey and data collection

163 The questionnaire used for assessing the willingness to increase harvest due to elevated 

164 hypothetical prices was part of a larger survey of NIPF owners’ perceptions and use of their 

165 own forest, presented in Appendix A (Active owners) and B (Inactive owners).

166 Sampling. The survey sample was drawn by Statistics Norway, the national authority for 

167 administration of surveys and recording. Two populations consisting of all forest properties 

168 larger than 2.49 hectares productive forest in Norway owned by private persons were created: 

169 The Active population consists of forest properties where at least 5 m3 of timber have been 

170 harvested for sale during the last fifteen years, while the Inactive population consisting of 

171 forest properties where less than 5 m3 of timber have been harvested for sale during the last 
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172 fifteen years. The owners of these two types of properties are referred to as Active owners and 

173 Inactive owners throughout the paper; we also use the term All owners where the two samples 

174 are merged. We used three strata dimensions to create the samples, activity (Active/Inactive), 

175 county and size class. All 19 Norwegian counties except Finnmark were included, Finnmark 

176 being left out due to very limited amount of private forest land. Because small properties 

177 constitute large shares of the private properties, eight size classes were used: 2.5-9.9 hectares, 

178 10-24.9 hectares, 25-49.9 hectares, 50-99.9 hectares, 100-199.9 hectares, 200-499.9 hectares, 

179 500-1999.9 hectares, and ≥ 2000 hectares. The following approach was used for assigning 

180 sample sizes:

181   and 
𝑆𝑖

𝑃𝑖
=  

𝑆𝑗

𝑃𝑗
∑𝑁

𝑖 = 1𝑆𝑖

182 where i and j are strata, Si is the sample size in stratum i and Pi the population size in stratum 

183 i, and N the number of strata. This procedure ensured an over-representation of large 

184 properties, which strongly influence the total timber supply. Out of the population of 55 965 

185 active owners, a gross sample of 1502 was drawn and the questionnaire sent to 1498 persons 

186 after four persons had died or had invalid address. A gross sample of 1646 was drawn of the 

187 population of 72 147 inactive owners. Out of the 1646, 10 persons were deemed outside the 

188 target group, and the questionnaire was sent to 1636 persons. 

189 Data collection. The questionnaire was first developed to active forest owners. To fit inactive 

190 forest owners’ situation, the questionnaire was adjusted by excluding irrelevant questions and 

191 adapting others (Table 2). The questionnaires were developed in cooperation with experts in 

192 Statistics Norway. In a pilot survey, thirteen out of the fourteen questionnaires that were sent 

193 to forest owners were returned and followed by a discussion with each respondent by phone 

194 or face-to-face. Statistics Norway administrated the survey, using the Total Design Method 

195 (Dillman 1978). The final questionnaire was distributed by surface mail February 2014, with 

Page 8 of 33



9

196 two reminders with the questionnaire enclosed mailed after one and two months, respectively. 

197 Data collection ended in June 2014. 

198 To gauge the extent to which hypothetical price increase was a predictor for forest owners’ 

199 willingness to harvest, the stated preferences method was applied. Three versions of price 

200 increases were distributed randomly on the three strata dimensions activity, size class and 

201 county. The levels of hypothetical price increases were 50, 100 and 150 NOK/m3 up from 300 

202 NOK/m3 (1 NOK ~ 0.12 USD) close to the prevailing average gross timber prices delivered 

203 roadside. The levels were chosen to reflect prices that would be high compared to recent 

204 fluctuations, in order to cover potentially high reservation prices, particularly among inactive 

205 owners. Finally, Statistics Norway added individual and property-level register data for each 

206 of the last fifteen years, including income, asset value and annual harvest, as well as 

207 productive forest area. 

208 Regression analyses

209 For the statistical analyses, we applied a two-stage model approach. In the first stage a 

210 dichotomous dependent variable measured whether the respondents were willing to harvest 

211 more (Y=1) or not (Y=0). Those who were willing to harvest more reported their anticipated 

212 increase in harvest volume, and we divided this volume by the size of their productive forest 

213 area. The log of this result was the dependent variable log(y) in the second stage. The same 

214 set of independent variables was used in both stages. 

215 In the first stage, we used a probit model for forest owners, i, 

216 𝑃(𝑌𝑖 = 1) = Φ(𝑋𝑖𝛽)

217 where  denote the cumulative normal distribution and where Φ( ⋅ )

218 Xi and β denote vectors of independent variables and coefficients, respectively. In the second 

219 stage we used a linear regression model,
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220 log (𝑦𝑖) = 𝑋𝑖𝛾 + 𝜀𝑖

221 where γ is a vector of coefficients and  is the error term. Combined, the two stages constitute 𝜀𝑖

222 an exponential hurdle model (Cragg 1971). Estimations were performed separately for the 

223 samples of all, active and inactive owners. For the former sample, we used a dummy variable 

224 indicating whether the owner was active or inactive. 

225 In addition, we estimated mean hypothetical increase in harvest volume for each combination 

226 of size class and price. These estimates were obtained using a linear regression model, using 

227 in all 24 dummy variables (no constant term), 

228 𝑦𝑖 = ∑
𝑘

∑
𝑗

𝑎𝑘𝑗𝑠𝑘𝑗𝑖 + 𝑢𝑖,

229 where yi is the harvest volume increase the owner i is willing to supply in m3/year, skji equals 

230 one if the owner faces the hypothetical price k =350, 400, 450 and belongs to size class j = 

231 1,…,8, and equals zero otherwise. Each coefficient akj represents the mean increase in harvest 

232 volume while ui is an error term. This model was estimated separately for active and inactive 

233 owners by ordinary least squares. Using similar regression, we then estimated mean actual 

234 timber volumes supplied during the 2009-2013 period in each size class.

235 In all estimations we used sample weights calculated separately for the appropriate sample 

236 (all, active or inactive), so that each observation in the sample represented a number of units 

237 in the corresponding population stratum. The estimations were performed using Stata 13.1. 

238 Variance inflation factors did not indicate multicollinearity, and residual plots did not indicate 

239 heteroscedasticity or autocorrelation.

240 (Table 2)

241 In order to support the regression results, we compared some additional questions regarding 

242 the importance of information sources between the active and inactive owner sample. Two-
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243 sided p-values were calculated based on the standard normal test statistic 𝑍 = (𝑝𝑥 ― 𝑝𝑦)/𝑆𝐸(

244 , where  and  denote the sample proportions for active and inactive owners, 𝑝𝑝𝑜𝑜𝑙𝑒𝑑) 𝑝𝑥 𝑝𝑦

245 respectively, and where  denote the estimated standard error of the pooled sample 𝑆𝐸(𝑝𝑝𝑜𝑜𝑙𝑒𝑑)

246 proportion.

247

248 III. Results
249 Sample description

250 842 questionnaires were returned from active forest owners and 795 questionnaires from 

251 inactive forest owners, providing response rates of 56% and 49%, respectively. The question 

252 underlying the dependent variable Willingness to harvest was answered by 805 active and 692 

253 inactive owners. Out of the respondents providing answer on the Willingness to harvest 

254 question, 315 active and 144 inactive provided a non-negative number on the Harvest more 

255 question, that forms the basis for the second-stage dependent variable Harvest volume. Only 

256 respondents that answered all questions that were used for creating the variables were 

257 included in the regression models.

258 For analyzing the representativeness of the net sample, we compared net sample numbers 

259 with the population of properties owned by individuals. The average property size in the net 

260 sample using weighted numbers is 44.1 hectares, compared to 45.6 hectares in the population 

261 (Statistics Norway 2018) (and 119.5 hectares in the unweighted net sample). The share of 

262 properties with female owner is 25.2% in the net sample, and 25% in the population (Steinset 

263 2015). The average gross income in the net sample is 0.50 million NOK, close to the 

264 population figure of 0.49 million NOK (Statistics Norway 2018).

265 Comparing the samples (Table 3), active owners are on average more willing to supply timber 

266 than inactive owners. While 36% of the active owners state that they are willing to increase 
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267 harvests, 18% of the inactive owners say that they will supply timber with the hypothetical 

268 prices. Also, the mean of Harvest more is more than double among active owners compared to 

269 inactive owners. The largest difference between the two owner groups is found in the 

270 acquaintance with the forest fund policy instrument: 27% of the active owners contrasted to 

271 2% of the inactive owners express having good policy knowledge, while 17% of the active 

272 owners indicate having no policy knowledge compared to 66% of the inactive owners. 

273 Wealth, heritage, economic and recreational objectives and productive forest land area are 

274 higher in the active than in the inactive-owner sample. Inactive owners have on average more 

275 nature conservation objectives and live further away from the property. 

276 (Table 3)

277 Regression analyses

278 The regressions of increased willingness to harvest due to elevated hypothetical price, reveal 

279 that while the size of the offered price is significant among all owners and active owners, it is 

280 not significant among inactive owners (Table 4). Among all owners and active owners, female 

281 forest owners are significantly less inclined to increase harvest if prices shift upwards than 

282 male owners, while no gender effects were found among inactive owners. Plans to transfer the 

283 property within three years was not found to impact on the willingness to harvest more in any 

284 sample; income contributes positively to the willingness among active owners and wealth 

285 negatively among inactive owners. 

286 Having good knowledge about a key policy instrument, contrasted to some knowledge, does 

287 not impact on the inclination to harvest more, while in all the three samples, owners with no 

288 knowledge are significantly less inclined to harvest. Owners in the all owners and inactive 

289 owners samples for whom heritage is an important reason for owning forest, are more inclined 

290 to engage in harvests. Owners with economic objectives in all three sample groups are more 
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291 responsive than others, while all owners and active owners with nature conservation 

292 objectives are less responsive. Active owners with recreational objectives are more inclined to 

293 harvest than others, while productive forest area impacts positively on the willingness to 

294 harvest among owners in the all owners and active owners sample. Distance from home to 

295 forest do not impact on the stated willingness to harvest in any of the samples. 

296 The marginal effects, reported alongside the regression output in Table 4, were calculated by 

297 using the means of each explanatory variable. In the all and active owner samples, being 

298 female or having no information about the forest fund are the most important barriers for 

299 engaging in harvesting when offered the hypothetical price upturn. Being female reduces the 

300 likelihood of acceptance with about 9% among all owners, and about 13% among active 

301 owners. Likewise, having no information about the forest fund reduces this probability by 

302 about 12-17% in all three samples, most in the active sample. As productive forest area was 

303 log-transformed into the variable Productive forest area, 2.718 times larger productive forest 

304 area implies 6.8% higher probability that an active owner will harvest more; the 

305 corresponding number for all owners is 3.9%. In the all owners sample, belief in higher 

306 interest rate increases the probability of harvest. Economic ownership objectives increases the 

307 likelihood of harvest in all three samples. 

308  (Table 4)

309 The second-stage linear model assessed how much (more) forest owners are willing to 

310 harvest, given that they stated willingness to increase harvest in the first-stage probit model. 

311 The dependent variable is measured in m3 harvest volume per hectare of productive forest 

312 over the next five years. As in the first-stage model, the second-stage regression displayed 

313 that the hypothetical price is insignificant for inactive owners and significant and positive for 

314 active owners (Table 5). However, it is no longer significant for all owners. Wealth is 
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315 significant and of negative sign in the active owner group. Income shows mixed effects: it is 

316 significant for all owners and active owners. However, the sign is negative in the all owner 

317 sample and positive in the active owner sample. Forest owners in all three groups who have 

318 in-depth knowledge of the forest policy instrument are significantly more inclined to harvest 

319 more than others. While economic objectives are important for the harvest volume inactive 

320 and all owners are willing to supply, this factor is insignificant in the active owner group. 

321 Forest land size is important in all owner groups, but with negative sign. Finally, the distance 

322 from home to the forest negatively affects the harvest volume among active owners. 

323 In terms of coefficient size, good knowledge of the forest fund implies that all owners would 

324 be willing to harvest exp(0.450)=1.57 m3/ha more over the next five years, other things being 

325 equal. Good knowledge would mean another 1.46 m3/ha from active owners, and 2.48 m3/ha 

326 from inactive owners, over five years. Economic objectives would release 1.21 m3/ha more 

327 timber harvest from inactive owners. 10% increase in productive forest area would reduce 

328 property-level timber supply by 5-6% across all samples. If an active owner lives 10% further 

329 away from the forest, (s)he would ceteris paribus supply about 1% less timber. 

330 (Table 5)

331 Impacts of property size 

332 Regressing the area-based harvest volume increase on property size class and hypothetical 

333 price, several patterns emerge (Figure 1 Left and Right). For most size classes, the volume 

334 increases with price; however, the trend is less clear for inactive than active owners. The 

335 figure also show that the larger the size class, the smaller the volume per area. 

336  (Figure 1)

337 The willingness-to-harvest figures on a per-hectare basis were for active owners compared to 

338 the actual, average harvest per hectare in the size class samples for the 2009-2013 period 
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339 (Figure 2). The harvest responses to the highest prices on properties up to 499.9 hectares in 

340 size correspond to 58-85% of the historical harvest figures. This relative response declines for 

341 properties beyond 499.9 hectares for all prices; so does the difference in response between the 

342 three hypothetical prices. 

343 (Figure 2)

344 Sources of information

345 The main information source among the active forest owners is the local forest owner 

346 organization (Table 6). 61% state that this information source is very important, in contrast to 

347 32% of inactive owners. Information sources such as public authorities, media and other 

348 individuals are all stated to be more important among active than inactive owners. 76% of the 

349 active owners have been in contact with the local forestry authorities, contrasted to 37% 

350 among the inactive. Furthermore, 72 % of the active owners are members of a forest owner 

351 organization, while 17% of inactive owners state the same. When asked whether they receive 

352 sufficient information about public grants for forestry, the Forest Fund and their responsibility 

353 to consider environmental aspects in forestry, between 64 and 68 % of the active owners 

354 agree that they do. This is roughly the double the share of the inactive owners that agree. 

355 However, 41% of the active versus 48% of the inactive owners agree with the statement 

356 “With more/better information, I could have increased the activity level in my forest”. When 

357 testing of whether the proportions that agreed were statistically different between the active 

358 and inactive sample, all variables displayed in Table 6 was significantly different at the 1% 

359 level. 

360 (Table 6)

361
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362 IV.  Discussion

363 Comparing active and inactive owners’ increased willingness to harvest due to elevated 

364 prices, we found that inactive owners’ decision to enter timber markets and the volume they 

365 are willing to supply is determined by other factors than price. This is in contrast to active 

366 owners, who state more willingness to increase supply with higher offered price. However, 

367 owners holding economic motives are more willing to harvest in both the active and inactive 

368 sample. This possible inconsistency may be explained by lack of knowledge of the impact of 

369 the offered price among the inactive, or that they put greater emphasis on non-economic forest 

370 values that need to be traded off against harvest. We did not include data on forest 

371 characteristics, but inactive owners could reject the offer because their forest have qualities 

372 that lead to higher amenity values that inactive owners. This may be more explored in future 

373 studies. Contrasted to the active owners, heritage motives triggers willingness to harvest 

374 among inactive owners. These owners may consider that harvest actually improves the value 

375 of the property for the next generation, possibly because they believe that they should harvest 

376 more in order to avoid the forest becoming too old and of reduced value. No policy 

377 knowledge is a strong predictor for reduced willingness to harvest, but stronger in the active 

378 than in the inactive sample. Likewise, a female, active owner is significantly less likely to 

379 harvest more than a male, active owner; in the inactive sample, gender is not significant. Follo 

380 (2008) argues that female owners in general have less forestry competence than male owners. 

381 If the gender effect is caused by a competence gap, this gap thus stretches beyond the forest 

382 fund knowledge. Once an active owner has decided to harvest, the gender effect disappeared 

383 in the second stage. If the threshold to supply timber is caused by a lack of competence, it 

384 seems to not be relevant for owners who already have sold timber. Results from Finland also 

385 showed that the timber supply volume is not gender dependent (Kuuluvainen et al. 2014).  

386 More variables are significant in the regressions of the active sample than in the inactive, and 
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387 these models explain a little more in terms of pseudo R2 and R2. We hypothesize that there is 

388 more variation in objectives and reasons among owners who decide to not participate in 

389 timber markets than among those who are participating, and there might be factors not 

390 captured in our questionnaire. One possible reason for inactive owners not to respond to price 

391 is a lack of mature forest to harvest. However, productive forest area is a significant, negative 

392 predictor for the harvest volume response in all three owner groups, which could be explained 

393 by higher potential for harvest increase on small properties due to higher productivity and 

394 considerably larger growing stock close to harvest maturity on these properties (Hobbelstad 

395 and Ørnelund Nilsen 2006; Statistics Norway 2017). In addition, distance to road is probably 

396 shorter on small properties that tend to be more centrally placed. Actual harvest volume per 

397 hectare is on average about the same across property sizes in Norway (Statistics Norway 

398 2018); in our survey, it varied from 1.2 m3/ha/year in the size classes 200-500 hectares and 

399 500-2000 hectares to 3.4 m3/ha/year in the size class up to 9.9 hectares. Previous studies have 

400 also found that owners of large properties are less price-responsive than others, which may be 

401 caused by the higher dependence of timber income (Bolkesjø et al. 2007). 

402 Our results provide information on how the timber supply curve may look beyond current 

403 prices. Surveying inactive owners complement analyses based on historical harvest, as these 

404 owners’ objectives and reasons for not harvesting differ from active owners. The results feed 

405 not only into the ongoing discussions on how to ensure enhanced timber supply for reaching 

406 climate change mitigation and socio-economic objectives in Norway (Norwegian Ministry of 

407 Food and Agriculture 2011), but also in the EU (European Commission 2012), where the 

408 average forest holding size is 2.7 hectares (Nabuurs et al. 2015). In Norway, the share of 

409 properties with harvest for sale in a given year has been halved in twenty years (Rognstad and 

410 Steinset 2012). The properties with no harvest for sale during the last twenty years represent 

411 about 22% of the productive forest area. This share decreases from 70% in the smallest area 
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412 size class (2.5-9.9 hectares) to 10% in the largest size classes (> 200 hectares) (Statistics 

413 Norway 2017). With more forest properties not being harvested regularly and timber income 

414 becoming less important (Statistics Norway 2018), it may be suggested that the relevance of 

415 our findings will increase in the future.  

416

417 V. Conclusions
418 While the offered timber price in our study had a significant and positive impact on active 

419 owners’ willingness to increase harvest, the price did not impact on inactive owners’ 

420 inclination to engage in harvest. In both owner groups, not having information of a key forest 

421 policy instrument was the main barrier to engage in harvest. Female active owners were 

422 significantly less willing to increase harvest due to elevated prices; however, gender effects 

423 disappeared once the decision to harvest more was taken. 

424 In the literature, inactive forest owners have been given relatively little consideration 

425 compared to owners already participating in the timber market.  If decision-makers want to a 

426 larger extent reach out to the inactive owners and stimulate them to enter the timber market, 

427 they may want to focus on other factors than prices. Our study shows that information is a key 

428 to both active and inactive owners. Only a small share of inactive owners are members of 

429 forest owner’s organizations and regard the organizations as an important information source. 

430 In contrast to active owners, most inactive owners consider the information they receive to be 

431 insufficient, and to a larger extent than active owners, they state that more information could 

432 trigger more activity on their forest land. For reaching inactive owners, who are not members 

433 of forest owner’s organizations, new pathways may have to be considered. In addition, 

434 inactive owners with economic or heritage objectives are more willing to enter the timber 

435 market. One possible reason why inactive forest owners do not respond to price, is that they 
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436 do not recognize the economic gains in the hypothetical price. If that is the case, information 

437 could also mitigate this problem. 

438
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Tables

Table 1: Variables expected to affect the two dependent variables: willingness to (increase) harvest and the volume willing to 
harvest.

Variable Hypothesized 
direction of 
impact

Reference

Hypothetical price offered + Silver et al. (2015)
Gender (2 = female, 1 = male) - Kuuluvainen et al. (2014)
Plan to transfer/sell the property - Kennedy (2001)
Net wealth ? Bolkesjø et al. 
Income ? Kuuluvainen et al. (1996)
Knowledge of a key forest policy 
instrument 

+

Belief in interest rate being higher in five 
years than today

? Beach et al. (2005)

Heritage values important reason for 
owning forest 

- Kennedy (2001), Conway (2002)

Economic values important reason for 
owning forest

+ Vokoun (2006)

Preservation of nature important reason for 
owning forest

- Conway (2002)

Recreation opportunities important reason 
for owning forest

- Conway (2002)

Area of productive forest + Kennedy (2001)
Distance from home to forest property ?- Beach et al. (2005)
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Table 2. Description of variables. Willingness to harvest is dependent variable in the probit models and Harvest volume in the 
linear models.

Variable name Question Active 
owners

Question Inactive 
owners

Variable type

Harvest Assume that the 
current, average 
timber price on 
your property is 
300 NOK/m3, and 
that it increases to 
350/400/450 
NOK/m3* and 
stays there. Would 
you then harvest 
more timber for 
sale during the next 
five years than if 
the price stayed at 
300 NOK/m3?

Assume that the current, 
average timber price on 
your property is 300 
NOK/m3, and that it 
increases to 350/400/450 
NOK/m3* and stays 
there. Would you then 
harvest timber for sale 
during the next five 
years?

4-point ordinal1:
Yes, I am sure that I 
would harvest [more] 
(1); 
Yes, I believe I would 
harvest [more] (2); 
No, I believe I would 
not harvest [more] (3); 
No, I am sure that I 
would not harvest 
[more] (4); only used 
for constructing the 
variable Willingness to 
harvest

Willingness to 
harvest

1 if Harvest = 1 or 2; 0 if Harvest = 3 or 4 Dichotomous

Harvest more How much more 
timber do you think 
you would harvest? 
Provide total 
increase in quantity 
over the next five 
years compared 
with the case if the 
price remained 300 
NOK/m3

How much timber do you 
think you would harvest? 
Provide total quantity 
over the next five years

Non-negative; only 
used for constructing 
the variable Harvest 
volume
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Harvest volume Ln(Harvest more/Productive forest land area), 
if Harvest more > 0

Non-negative

Active Has harvested timber for sale the last 15 years 
= 1;
Has not = 0

Dichotomous

Price 350, 400 or 450 NOK/m3 according to version
Gender Female = 2; male = 1 Dichotomous
Property transfer Answered “within 3 years” on the question “In 

how many years do you plan to transfer your 
property to family/sell it?” (Alternatives: 
within 3 years, 3-5 years, 5-10 years, more than 
10 years, no concrete time plan for 
transferal/sale of property) 

Dichotomous 

Wealth Taxable net wealth 2012 (from Statistics 
Norway) in millions NOK

Rational number

Income Average annual gross income before tax (sum 
of salaries, pensions, income from self-
employment and capital) for 2010, 2011 and 
2012 (from Statistics Norway) in millions NOK

Rational number

Good policy 
knowledge

Answered “Yes, good knowledge” on the 
question “Do you have knowledge about the 
forest fund”? (Alternatives: “Yes, some 
knowledge”, “Yes, good knowledge”, “No”)

Dichotomous, “Yes, 
some knowledge” = 0

No policy 
knowledge

Answered “No” on the question “Do you have 
knowledge about the forest fund”? 
(Alternatives: “Yes, some knowledge”, “Yes, 
good knowledge”, “No”)

Dichotomous, “Yes, 
some knowledge” = 0

Interest rate How do you think the levels on interest rates 
(loans and bank deposits) will be in five years?

Ordinal 3-point: Lower 
than today (1); same as 
today (2); higher than 
today (3)
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Environmental 
objectives

How important reason for owning forest is 
“The forest is part of the environment where I 
live or spend my leisure time”?

Hunting 
objectives

How important reason for owning forest is 
“The forest provides me the opportunity to 
hunt”?

Nature experience 
objectives

How important reason for owning forest is 
“The forest provides me the opportunity of 
nature experiences”

Protection 
objectives

How important reason for owning forest is 
“The forest provides me the opportunity to 
protect and preserve nature’s diversity”?

Conservation 
objectives

How important reason for owning forest is 
“The forest is first and foremost a nature 
conservation object for me”

Income objectives How important reason for owning forest is “My 
forest provides me income”?

Economic 
security 
objectives

How important reason for owning forest is “My 
forest provides me economic security”

Investment 
objectives

How important reason for owning forest is “My 
forest is an investment object for me”?

Intrinsic 
objectives

How important reason for owning forest is “My 
forest has an intrinsic value for me (e.g. as part 
of a family farm or that I am a forest owner)”?

Transfer 
objectives

How important reason for owning forest is “My 
forest will be inherited by close family”?

Relaxation 
objectives

How important reason for owning forest is “In 
my forest I can relax, find silence and 
contemplate”?

Ordinal 4-point: Not 
important at all (1); 
slightly important (2); 
of relatively great 
importance (3); of 
decisive importance (4). 
Only used for 
constructing the 
variables I_HERI, 
I_ECON, I_NATURE 
and I_RECREATE
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Native area 
objectives

How important reason for owning forest is “I 
keep contact with my native area through my 
forest”?

Heritage 
objectives

Heritage objectives = Intrinsic objectives + 
Transfer objectives

Ordinal (2 to 8)

Economic 
objectives

Economic objectives = Income Heritage 
objectives + Economic security Heritage 
objectives + Investment objectives

Ordinal (3 to 12)

Nature objectives Nature objectives = Protection objectives + 
Conservation objectives

Ordinal (2 to 8)

Recreation 
objectives

Recreation objectives = Environmental 
objectives + Hunting objectives + Nature 
experience objectives + Relaxation objectives

Ordinal (4 to 16)

Productive forest 
area

Size of productive forest area, in hectare, log-
transformed

Non-negative

Distance The natural logarithm of the answer on the 
question “How many kilometers from the forest 
property do you live?” 

Non-negative

* 350, 400 or 450 NOK/m3 according to version. 
1 The alternatives for active owners were “Yes, I am sure that I would harvest more” and so 
on; for inactive owners “Yes, I am sure that I would harvest” etc.
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Table 3: Descriptive statistics of the variables included in the models. Weighted numbers. SD = standard deviation. 

Variable 
name

N 
All

N 
Active

N 
Inactive

Mean 
All

Mean 
Active

Mean 
Inactive

SD 
All

SD 
Active

SD 
Inactive

Willingness 
to harvest 1497 805 692 0.26 0.36 0.18 0.44 0.48 0.38
Harvest 
more 671 398 273 474 656 287 1076 1274 682
Harvest 
volume 459 315 144 2.34 2.09 2.77 1.27 1.06 1.53
Price 1637 842 795 399 399 399 40 41 40
Gender 1637 842 795 1.25 1.23 1.26 0.43 0.42 0.44
Property 
transfer 1637 842 795 0.08 0.09 0.06 0.27 0.29 0.25
Wealth 1637 842 795 1.34 1.50 1.12 7.05 9.03 4.16
Income 1637 842 795 0.50 0.52 0.48 0.42 0.42 0.38
Good 
policy 
knowledge 1567 828 739 0.13 0.27 0.02 0.34 0.45 0.15
No policy 
knowledge 1567 828 739 0.45 0.17 0.66 0.50 0.38 0.47
Interest 
rate 1488 806 682 2.61 2.61 2.62 0.64 0.76 0.53
Heritage 
objectives 1484 800 684 5.81 6.29 5.44 1.93 1.74 2.01
Economic 
objectives 1475 799 676 5.01 5.84 4.30 2.33 2.51 1.90
Nature 
objectives 1470 795 675 4.41 4.34 4.45 1.58 1.48 1.66
Recreation 
objectives 1476 796 680 11.13 11.56 10.77 3.33 3.21 3.36
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Productive 
forest area 1637 842 795 2.93 3.53 2.44 1.20 1.20 0.98
Distance 1580 831 749 1.69 1.41 1.91 1.81 1.59 1.94
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Table 4. Probit regression analyses of all, active and inactive owners. Significance levels: * = 10%, ** = 5%, *** = 1%. 
Dependent variable: Willingness to harvest.

- - - - - ALL (N=1341) - - - - -
- - - - - ACTIVE (N=748) - - - - -

- - - - - INACTIVE 
(N=593) - - - - -

Coef. SE
Marg. 
effect Coef. SE

Marg. 
effect Coef. SE

Marg. 
effect

Active -0.034 0.103 -0.011

Price
0.002** 0.001 0.001 0.004*** 0.001 0.002

-
2.14x10-

4 0.002

-
5.21x10-

5

Gender -0.287*** 0.103 -0.089 -0.346*** 0.134 -0.129 -0.199 0.174 -0.048
Property transfer -0.133 0.164 -0.041 -0.123 0.205 -0.046 -0.272 0.275 -0.066
Wealth 0.002 0.004 7.3x10-4 0.013 0.012 0.005 -0.057* 0.029 -0.014
Income -0.178 0.132 -0.06 -0.391** 0.184 -0.146 0.210 0.223 0.052
Good policy knowledge -0.027 0.113 -0.008 -0.093 0.124 -0.035 0.177 0.354 0.043

No policy knowledge -0.504*** 0.113 -0.157 -0.469** 0.190 -0.175
-

0.509*** 0.156 -0.124
Interest rate 0.109* 0.063 0.034 0.119 0.075 0.044 0.119 0.135 0.029
Heritage objectives 0.066** 0.029 0.020 0.023 0.037 0.008 0.105** 0.043 0.026
Economic objectives 0.103*** 0.021 0.032 0.088*** 0.025 0.033 0.119*** 0.035 0.029
Nature objectives -0.106*** 0.034 -0.033 -0.157*** 0.044 -0.058 -0.023 0.053 -0.006
Recreation objectives 0.028 0.018 0.009 0.050** 0.023 0.019 -0.007 0.027 -0.002
Productive forest area 0.126*** 0.039 0.039 0.182*** 0.050 0.068 0.062 0.071 0.015
Distance -0.024 0.026 -0.008 -0.039 0.037 -0.015 -0.016 0.039 -0.004

constant -2.244*** 0.517
-2.902*

** 0.647 -1.693* 0.912
Pseudo R2 0.1486 0.1354 0.1194
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Table 5. Linear regression analyses active and inactive owners. Significance levels: * = 
10%, ** = 5%, *** = 1%. Dependent variable: Harvest volume

ALL (N=429)
ACTIVE (N=300)

INACTIVE 
(N=129)

Coef. SE Coef. SE Coef. SE
Active -0.214 0.140
Price 3x10-4 0.001 0.003** 0.001 -0.005 0.004
Gender 0.102 0.152 0.033 0.154 0.231 0.408
Property transfer -0.099 0.218 -0.320 0.232 -0.092 0.616

Wealth -0.004
-

0.003 -0.005** 0.003 -0.090 0.075

Income -0.410*
-

0.200 0.500* 0.300 0.400 0.500
Good policy 
knowledge

0.450*** 0.117
0.375*** 0.132 0.907*** 0.325

No policy knowledge -0.045 0.202 -0.394 0.333 0.295 0.329
Interest rate 0.065 0.082 -0.023 0.061 0.388 0.325
Heritage objectives -0.006 0.040 0.033 0.043 -0.043 0.062
Economic objectives 0.049* 0.028 -0.005 0.026 0.190**** 0.048
Nature objectives -0.030 0.052 -0.017 0.048 -0.009 0.107
Recreation objectives -0.008 0.020 -0.017 0.024 -0.045 0.058
Productive forest 
area

-
0.601***

0.057
-0.560*** 0.059 -0.605*** 0.133

Distance -0.016 0.040 -0.116** 0.054 0.076 0.064
Constant 3.883*** 0.947 2.988 0.680 4.442 2.905
R2 0.307 0.325 0.289
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Table 6. Questions regarding importance of various information sources, comparing active and inactive owners. For all 
questions, the proportion of respondents that gave the answer displayed in the table was significantly different between 
the active and inactive sample, on the 1% level. 

Question Alternative Answer Active Inactive
The local forest owner 
organisation/their forest manager

61 32

Public authority, for example the 
forest section or the responsible 
for forest in the municipality

46 34

Media and forestry journals 23 12

How important are the following 
information sources for you?

Other forest 
owners/family/neighbours/friends

% stating 
"Rather 

important" 
or "Very 

important"
27 22

Have you ever been in direct contact with the forest section of your 
municipality regarding forestry issues? By direct contact, we mean 

phone calls, personal meeting or emails.
% stating 
yes

76 37

Are you a member of a forest 
owner organisation?  

% stating 
yes

72 17

I receive sufficient information 
about public grants for forestry 
activities

64 34

I receive sufficient information on 
the Forest Fund

68 31

I receive sufficient information on 
my responsibility to consider 
environmental aspects

67 37

We ask you to consider the 
following statements on the 

information you receive from 
either the forest section of your 

municipality or your forest 
owner organisation.

With more/better information, I 
could have increased the activity 
level in my forest

% stating 
"Agree a 
little" or 
"Agree 

completely"

41 48
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Figure 1: Hypothetical harvest increases in m3/ha/year for active (left) and inactive (right) owners, hypothetical prices and size classes. 
Error lines indicate 95% C.I. 
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Figure 2: Harvest response compared to the actual, average harvest in the size class 
samples, active owners only. Left axis (bars): Actual, average harvest (m3/ha/year) in the 
period 2009-2013 for size classes. Right axis (lines): Increase in harvest among active 
owners for size classes and hypothetical prices relative to the yearly, actual 2009-2013 
harvest (in percent). Only harvest responses significantly different from zero are 
displayed.
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