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11 Abstract. The discussion about economically optimal forest ecosystem management is almost as 

12 old as forest science. Continuous cover forestry renounces removing the tree canopy of forest 

13 ecosystems. In contrast, clear fell forestry suggests harvesting all trees at once to replace the crop 

14 trees with young trees. Assuming occurrence probabilities for stands of different ages, a study by 

15 Kärenlampi (10.1371/journal.pstr.0000146) introduced a forest portfolio perspective to analyse 

16 profitability (expected net revenues divided by forest value) and disturbance costs of continuous 

17 cover and clear fell forestry using data from another study (10.1007/s10640-022-00719-5). The 

18 reported results suggest that continuous cover forestry has a much lower economic performance 

19 and is economically more vulnerable to disturbance impacts than clear fell forestry, which differs 

20 from the results in the other study. In this work, we demonstrate that 1) the approach in 

21 Kärenlampi’s research does not allow for deriving accurate economic performance indicators, 2) 

22 the hypothesised forest states are incomparable, and 3) the reported continuous cover disturbance 

23 costs are poorly conceptualised due to inconsistent assumptions. His study’s proposition that a 

24 disturbance leads to a regime shift from continuous cover to clear fell forestry or that high 

25 maintenance costs are associated with it does not seem convincing. Managers can replant or adopt 

26 natural regeneration on forestland after disturbance to perpetuate continuous cover forestry long-

27 term. Whilst Kärenlampi’s study highlights valuable discussion points, our analysis reaffirms the 

28 necessity for more conceptually consistent and realistic approaches and avoiding 

29 oversimplification, which will more effectively support the economic assessment of forest 

30 disturbances.    

31 Author summary: Here, we show how static economic assessments with inconsistent data may 

32 lead to misleading rankings of forest management regimes and how poorly conceptualised 

33 disturbance assessments reveal wrong disturbance costs. We suggest using dynamic economic 
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34 approaches and disturbance concepts accounting for the possibly heterogeneous composition of 

35 forest ecosystems.

36 Keywords: Continuous cover forestry, forest value, economic resilience, disturbance costs, 

37 capital rate of return
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39 Introduction

40 Forest science and practice have developed different silvicultural regimes to manage forests. 

41 Silviculture is the science of controlling forest stands' establishment, growth and maintenance to 

42 achieve private or public objectives [3]. A forest stand is a management unit of four to five hectares 

43 (for example, in Germany, but it can be much larger elsewhere) undergoing a unitary silvicultural 

44 treatment. Historically, simplifying forest stand structures by establishing a clear fell regime was 

45 proposed as a scientifically sound solution for managing forests economically, for example, in 

46 Germany [4] and Scandinavian countries [e.g. 5,6]. After establishing trees and some decades of 

47 waiting, all trees are harvested at once under such a regime when the planned production time is 

48 achieved, called the rotation period. New trees are planted on bare forestland, accumulate large 

49 timber volumes per hectare of land and are harvested periodically (Figure 1). However, such 

50 regimes are vulnerable to many disturbances, mainly when their standing timber volume is high 

51 [7]. An alternative regime known as continuous cover forestry establishes young trees in canopy 

52 gaps before achieving the rotation period. It reduces the standing timber volume in the vulnerable 

53 stand development phases. Simultaneously, the forest canopy is never purposefully clear felled. To 

54 continue the regeneration process (meaning the establishment of young trees), continuous cover 

55 forestry suggests harvesting moderate amounts of timber periodically, but never all the available 

56 timber at once. Continuous cover forestry may complicate the management [8] but leads to less 

57 volatile income at forest stand scales [9] and a faster recovery – should severe disturbances have 

58 destroyed the older crop trees but not the young regeneration trees [2]. Empirical evidence for a 

59 higher resistance of continuous cover forests compared with clear fell forests is consolidating 

60 [7,10]. 

61  
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71 The economics of both management regimes have been under research for a long time, with 

72 scientific studies showing substantial economic underperformance of continuous cover forestry 

73 [11,12] and others demonstrating the opposite [13–15]. However, when applying single-tree-based 

74 and single-species economic optimisation, continuous cover forestry is often economically superior 

75 in the long term [16]. One must be cautious when generalising such results, as economic assessment 

76 outcomes depend on the assumed context (initial state, disturbance regimes, other available assets, 

77 political stability, property rights) and decision-maker attitudes and preferences. For example, 

78 integrating less profitable tree species in a mixed forest may enhance the forest stand’s resistance 

79 and income stability but reduce the expected economic profitability [17]. Depending on the 

80 decision-maker's attitude, a risk-neutral forest owner will likely prefer the clear fell regime. In 

81 contrast, a risk-avoiding forest owner would be more inclined to apply continuous cover forestry 

82 [18]. 

Figure 1 Schematic example of the development of the standing timber 
volume per hectare under a clear fell and a continuous cover forestry regime 
(German conditions) 
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83 In his paper “Disturbance effects on timberland returns,” Kärenlampi [1] suggested a static 

84 economic assessment of continuous cover forestry while implicitly assuming a risk-neutral 

85 decision-maker to maximise her forest’s expected profitability, i.e. the expected net revenues 

86 divided by the expected forest value in his approach. Net revenues are earnings minus expenditures 

87 (time profit rate in [1]). The aforementioned study used data from previous research [2] to rank the 

88 profitability of continuous cover forestry against that of clear fell forestry. In addition, 

89 Kärenlampi’s study analysed the impact of severe disturbances on the economic net revenues of 

90 both forest management regimes. The incorporated considerations suggested that continuous cover 

91 forestry was economically inferior to clear fell forestry and had higher overall disturbance costs 

92 than the clear fell alternative. Both results differ from those in [2], which requires an explanation. 

93 We know that the results of economic assessments always depend on the assumptions made. 

94 Consequently, proving the management regime's superiority or inferiority in a rigorous 

95 mathematical sense is impossible for all conditions and preferences. However, the quality of any 

96 economic assessment hinges on its consistency. In this context, analysing the conceptual 

97 consistency and integrity of Kärenlampi’s research approaches, results, and conclusions, viewed 

98 as hypotheses, was considered a relevant basis for this study. 

99 The scientific study Kärenlampi used as a data source and inspiration for analyses [2] had 

100 integrated growth and yield data from Pretzsch et al. [19], representing German conditions. It found 

101 a slightly superior economic performance of continuous cover over clear fell forestry (about 11% 

102 higher net present value when both regimes started with bare land). Notably, the recovery time 

103 after severe disturbance (the key topic in [2]) was excluded, which may have limited the perspective 

104 when assessing the economic consequences of both management regimes on the expected 

105 profitability in Kärenlampi’s study. His approach used averaged financial data instead to assess the 
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106 problem from a static forest enterprise-level perspective (implying static states of the forestry 

107 regimes) to circumvent discounting procedures. Discounting entails using the present values of 

108 future benefits and costs to consider the time preferences of decision-makers who commonly 

109 require a premium for waiting. 

110 The following sections succinctly address different perspectives on Kärenlampi’s considerations 

111 and approach. In the main sections of this article, we examine the perceived economic 

112 inconsistencies and, based on our analysis, the potential limitations in the data use within 

113 Kärenlampi’s study. We will show that Kärenlampi’s study arguably does not allow a consistent 

114 economic comparison of continuous cover and clear fell forestry and conclude with a discussion 

115 of the relevance of these findings.   

116 From an economic method point of view, Kärenlampi’s study is based on circular reasoning. He 

117 uses discounting-based forest values as approximations for actual market values to obtain the 

118 expected forest capital return rate. The underlying forest stand values depend on a chosen discount 

119 rate, an exogenous variable representing the decision maker's time preference and the capital-

120 associated opportunity costs. Using these forest values implies that the used discount rate is the 

121 expected capital return rate for both silvicultural regimes.

122 Kärenlampi compared two forest states that may not be directly comparable, as inconsistent data 

123 were used. The transition period towards an equilibrium forest composition that, once achieved, 

124 promises constant average annual net revenues is commonly long and thus often more crucial for 

125 decision-makers than the equilibrium. Transitioning phases to desirable target compositions are 

126 rather common than an exception, as persistent equilibria hardly exist. Any realistic forest 

127 management is thus a continuous transition. We will show that considering the transition will 
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128 strengthen the economic attractiveness of continuous cover forestry compared with clear fell 

129 forestry. 

130 The concept Kärenlampi used for deriving disturbance costs for continuous cover forests appears 

131 to have limitations that may warrant further consideration. Based on forest values from [2], 

132 disturbance impacts on the net revenues of continuous cover forestry were estimated. However, his 

133 study’s hypothetical disturbance rates were applied to a forest stand considered a homogenous 

134 entity, implying that disturbances will destroy all trees (young and old) with the same probability. 

135 This is not expected from forest disturbances typically observed in central Europe: some young 

136 trees likely survive even in severe disturbances. We will show that Kärenlampi’s approach 

137 overestimates the disturbance costs of continuous cover forestry.

138 Based on our analysis, it can be concluded that while Kärenlampi’s study raises valuable discussion 

139 points, certain aspects of his concepts and data preparation may limit the ability to conduct a 

140 conclusive and consistent economic assessment. 

141 Subsequently, our conclusion will be supported by substantiating four propositions: 

142 A) Adopting discounting-based forest stand values to estimate the expectation value of a 

143 forest’s capital return rate builds on circular reasoning. It is unsuitable for an economic 

144 ranking of silvicultural management regimes. 

145 B) The forest states and underlying data hypothesised by Kärenlampi are incomparable. 

146 C) Considering a revised concept for disturbance costs results in lower costs for continuous 

147 cover forestry compared to Kärenlampi's approach, aligning more closely with empirical 

148 evidence.    

149 Results

150 The usefulness of forest values to estimate capital return rates
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151 The following section will demonstrate that Kärenlampi’s estimated expected value of a forest’s 

152 capital return rate builds on circular reasoning. 

153 Economic method

154 Kärenlampi [1] (p. 3) defined the forest value 𝐶 of a forest stand (of age 𝑏) referring to [2] with Eq. 

155 1.

156 𝐶(𝑏,𝑟) = ∫∞
𝑏 𝑐𝑡𝑒―𝑟∙𝑡𝑑𝑡 (1)

157 In Eq. 1, 𝑐𝑡 is the time rate of profits (which we will call net revenues of a forest stand per hectare), 

158 𝑟 is the decimal discount rate, and 𝑡 is the time elapsed from today onwards. Knoke et al. [2] used 

159 𝑟 = 0.015 to discount all future net revenues. To make clear that 𝐶 depends on the choice of the 

160 discount rate, we use 𝐶(𝑏,𝑟).

161 In his study, Kärenlampi introduced mathematical expectation values for net revenues and forest 

162 values (from here onwards 𝐸[ ∙ ]) by assuming an occurrence probability 𝑝 for stands of age 𝑎 (Eq. 

163 2 and Eq. 3). For the expected net revenues that means:

164 𝐸[𝑐𝑡] = ∫𝑇
0 𝑝(𝑎)𝑐𝑡𝑑𝑎 (2)

165 With 𝑝 being the probability of occurrence for single stands. 𝑇 is the production period (called 

166 rotation) for a clear fell stand. Kärenlampi approximates Eq. 2 empirically with average net 

167 revenues for both silvicultural regimes.  

168 For the expectation value of the forest value, Eq. 3 applies.

169 𝐸[𝐶(𝑏,𝑟)] = ∫𝑇
0 𝑝(𝑎)𝐶(𝑏,𝑟)𝑑𝑎 (3)

170 For the case of an equilibrium clear fell forest portfolio, we can alternatively compute the expected 

171 forest value according based on Eq. 4.

This manuscript is a preprint and has not been peer reviewed. The copyright holder has made the manuscript available under a  Creative Commons Attribution 4.0 International
(CC BY) license and consented to have it forwarded to EarthArXiv for public posting.license EarthArXiv

http://creativecommons.org/licenses/by/4.0/
https://eartharxiv.org/


10

172 𝐸[𝐶(𝑏,𝑟)] = 𝑝(𝑇)𝑓(𝑇) ― 𝐿
𝑟 (4)

173 With 𝑓(𝑇) being the harvesting value obtained by felling all trees at age 𝑇 and 𝐿 the annual re-

174 establishment cost. For the equivalence of Eq. 3 and Eq. 4, consult [20].

175 Finally, Kärenlampi argued in his study that the expectation value of a forest’s capital return rate 

176 can be estimated as:

177 𝐸[𝑟(𝑏)] =
𝐸[𝑐𝑡]

𝐸[𝐶(𝑏)] (5)

178 However, in Eq. 5, 𝐸[𝐶(𝑏)] should be the actual market value of a forest. The market value is the 

179 price at which the forests under consideration can be purchased or sold. However, empirically solid 

180 forest market values are unavailable for the continuous cover or clear fell forests under 

181 consideration. However, land market data on forest assets is generally scarce [21]. 

182 As suitable market values were unavailable, Kärenlampi followed a pragmatic estimation approach 

183 based on calculated forest values from [2] to approximate them with 𝐸[𝐶(𝑏,𝑟)]. The 

184 approximations build on Eqs. 1 and 3 and the expected capital return rates result from Eq. 6. 

185 Critical assessment

186 𝐸[𝑟(𝑏)] =
𝐸[𝑐𝑡]

𝐸[𝐶(𝑏,𝑟)] (6)

187 The expected forest value 𝐸[𝐶(𝑏,𝑟)] is a theoretical value anticipating all future net revenues of a 

188 forest discounted at 𝑟 = 0.015 [2] and not a true market value. On top of that, a forest value solely 

189 based on land and standing timber tends to be a poor approximator for real-world market 

190 transactions in central Europe, as mother and often non-financial considerations influence market 

191 prices. The hypothetical market value calculation implies assessing all future net revenues against 

192 a benchmark investment opportunity (with an internal rate of return of 0.015), which may or may 
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193 not be an investment into a market for forestland or any other market. Consequently, inferring 

194 expected capital return rates from Eq. 6 is circular reasoning, as we need 𝑟 as input for Eq. 6. 

195 Consistently applied, Eq. 6 will always result 𝐸[𝑟(𝑏)] = 0.015. As an illustrating example, 

196 consider a sustainable clear fell forest portfolio, where each stand is managed with a rotation of 

197 𝑇 = 70 years, the economically optimal rotation in [2]. Assume that the portfolio comprises 70 

198 hectares and stands of different ages. Under the impact of disturbances, the youngest stands will 

199 cover 1.30, and the oldest stands 0.74 hectares of forestland, based on survival probabilities 

200 following from [22]. The oldest stands can be harvested each year. Given the data in [2] such 

201 portfolio provides average net revenues of 𝐸[𝑐𝑡] = 311 € per hectare per year (including revenues 

202 from stands established after disturbance-caused salvage logging) and shows an average forest 

203 value of 𝐸[𝐶(𝑏,𝑟)] = 20271 € per hectare. For the clear fell regime this results in an expected rate 

204 of capital return of:

205 𝐸[𝑟(𝑏)] = 311
20271 ≈ 0.015 p.a. (7)

206 This clearly illustrates the circularity within the approach. 

207 We cannot construct perfect equilibrium forest portfolios for the continuous cover forest based on 

208 the data given in [2]. However, a rough estimation of the empirical capital return rate comes with 

209 approximately 0.0145, close to the expected 0.015. For this, we can use net revenues shown in 

210 Figure 2 after 70 years to estimate expected net revenues of 𝐸[𝑐𝑡] = 322 € per hectare per year. As 

211 an average forest value of stands from age 60 to 110 we can use here 𝐸[𝐶(𝑏,𝑟)] = 22199 € per 

212 hectare. 

213 Conclusion
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214 It can be concluded that Kärenlampi’s approach probably provides insufficient information for 

215 effectively ranking forest management alternatives. However, the solution to address the challenge 

216 of unavailable market values can be considered pragmatic. The discrepancies between the expected 

217 capital return rates published by Kärenlampi [1] and the theoretically derived value 𝐸[𝑟(𝑏)]

218 = 0.015 suggest inconsistencies in the data used, an aspect that will be further explored in the 

219 following analysis. Consequently, when correctly applied, Kärenlampi’s approach always reveals 

220 the applied discount rate as the expected capital return rate, which is no new information. 

221 Alternatively, the results will be incorrect because of biased input data.  

222 Empirical consistency of the average net revenues

223 Economic data

224 In his publication, Kärenlampi’s investigations summed the net revenues of five simulated 

225 management operations for the continuous cover regime (age 70 to 110) to obtain empirical input 

226 information (personal communication, not explained in [1]). The sum was divided by 50, but the 

227 first continuous cover net revenue was ignored at age 50. Kärenlampi’s study used continuous 

228 cover net revenues, excluding revenues from previously salvage-logged and re-established forest 

229 parts. Considering the clear fell forest, his research assumed net revenues of 16000€ ÷ 60  per 

230 hectare per year (Table 1), which included net revenues from salvage-logged and re-established 

231 stand parts. The resulting average net revenues were 154 and 267 € per hectare per year for the 

232 continuous cover and the clear fell regime, respectively. However, these average net revenues are 

233 incomparable and inconsistent with the average forest values of both silvicultural regimes assumed 

234 in Kärenlampi’s study, which were 24000 (continuous cover forest) and 21000 € per hectare (clear 

235 fell forest). 

236
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237 Table 1. Economic input data. 

Average (expected) forest values and net revenues

Continuous cover forest Clear fell forest

Age of 
continuous cover
stands considered

Forest value 
[€ per hectare]

Net revenues 
[€ per hectare 
per year]

Forest value 
[€ per hectare]

Net revenues 
[€ per hectare 
per year]

70-110 years 24000 (Kärenlampi) 154 (Kärenlampi)

60-110 years 308 (alternative)

21000 (Kärenlampi) 267 (Kärenlampi)

238

239 Critical assessment

240 Seeing the average forest values as an approximation of market values (as in [1], p. 3) raises the 

241 question of why a higher market value will develop for a continuous cover forest which delivers 

242 (according to Kärenlampi’s study) only 58% of the average net revenues provided by the clear fell 

243 forest. Note that all economic values used in Kärenlampi are solely based on timber production and 

244 selling, and no other ecosystem service values or any particular forest owner preferences are 

245 reflected in the forest values in Table 1 (the carbon storage assessments in [1] are not part of our 

246 study). Consequently, an analysis of the data preparation in Kärenlampi‘s study (see Table 1) 

247 reveals several inconsistencies that merit further examination. 

248 While the average net revenues for continuous cover forestry from Kärenlampi’s study are actual 

249 net revenues (i.e., harvesting values of felled and sold timber), he used the forest value at age 60 

250 to derive the average annual harvesting value provided by a clear fell forest portfolio. However, 

251 the forest value at age 60 is not an actual harvesting value, but the sum of all discounted future net 

252 revenues of a clear fell forest (to be harvested at 𝑇 = 70). In addition to the discounted harvesting 

253 value of 70-year-old crop trees, this value includes the forest value of younger trees (see [2]), which 
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254 had been established previously (at stand ages <60) after salvage loggings of crop trees affected by 

255 disturbances. 

256 In contrast to the clear fell considerations, the forest value of replanted trees was omitted for the 

257 continuous cover regime in [1]. The young trees planted after the gap harvests at age 60 alone 

258 represented a forest value of about 4700 € per hectare [2]. In addition, if one considers the provided 

259 actual net revenues at age 60 (which have arbitrarily been excluded in Kärenlampi’s research), the 

260 corrected average net revenues are 308 instead of 154 € per hectare for the continuous cover forest 

261 (Table 1). 

262 Conclusion

263 It can be concluded that the selected empirical economic data used by Kärenlampi to compute the 

264 expected value of the forest’s capital return is likely subject to significant bias. The results should 

265 not be used to economically compare continuous cover and clear fell forestry.  

266 A lens on the transition from clear fell to continuous cover forestry

267 Economic approach

268 In Kärenlampi’s study, the economic approach compared two equilibrium forest portfolio states 

269 consisting of several stands associated with specific occurrence probabilities instead of analysing 

270 both regimes dynamically. The equilibria represent sustainable forest stand compositions, allowing 

271 for constant average net revenues, meaning the timber harvested each year is perfectly regenerated 

272 to provide the next year's harvest. As mentioned, Kärenlampi’s investigation assumed average 

273 forest values of 21000 and 24000 € per hectare for clear fell and continuous cover forestry, 

274 respectively. Given that equilibrium states are achieved, these average forest values anticipate all 

275 expected and appropriately discounted future net revenues for both management regimes. Since 
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276 one can interpret such average forest values as the maximum willingness to pay for such a forest, 

277 one can infer that the continuous cover forest is more (and not less) economically valuable than the 

278 clear fell forest for potential forest investors when both forests are in equilibrium. 

279 However, such perfectly equilibrated forests cannot be purchased, as they do not exist. 

280 Consequently, we will use a model consideration and assume that we convert a hypothetical clear 

281 fell forest portfolio into continuous cover forests. During such conversion, costs might occur, which 

282 may change the static economic picture substantially. It is thus of great interest to look at the 

283 transition period.

284 Only comparable regimes and data should be assessed for a fair comparison of maintaining the 

285 clear fell forest with transitioning to continuous cover forestry [23]. Thus, [2] used a clear fell forest 

286 with a rotation of 70 years (found to maximise the bare land value for 𝑟 = 0.015) as a benchmark 

287 for the continuous cover regime. The timing and size of gap harvests were optimised for the 

288 continuous cover forest using the same discount rate. This optimised management suggested a large 

289 gap harvest already at age 60, ten years before the rotation age, but it never suggested clearing all 

290 crop trees at once. Consequently, some crop trees were kept longer than the rotation period, which 

291 had more space to grow than in a dense forest stand. 

292 Critical assessment

293 In this light, the decision in Kärenlampi’s study to choose a rotation of 60 years for the clear fell 

294 regime is inconsistent. A 60-year rotation corresponds to a higher discount rate than 𝑟 = 0.015 and 

295 to a differently optimised continuous cover regime, which would establish the first gap harvest 

296 already at age 50 [2]. This means that a consistent comparison of clear fell net revenues with the 

297 continuous cover net revenues used by [1] requires a clear fell regime with rotation age 70. Such a 

298
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299

300

301

302

303

304

305

306 system provides annual net revenues of 15041 € if one hectare is cleared yearly, ignoring all 

307 revenues from forest parts previously re-established after salvage logging and accounting for 2000 

308 € per hectare for establishment costs. Disturbance-associated net revenues were ignored for 

309 continuous cover forestry in [1], so they should also be ignored for the clear fell regime.

310 For our analysis of the dynamics of net revenues during the transition period from a clear fell to a 

311 continuous cover regime, we assume that 70 differently aged stands provide constant net revenues 

312 for the clear fell portfolio. The transition to continuous cover forestry starts with a large gap harvest 

313 at stand age 60, providing high additional net revenues during the first 10 years, where one hectare 

314 of a 70-year-old stand is also cleared in the transition regime. From year 11, we achieved net 

315 revenues from gap harvests in 60-year-old stands and smaller gap harvests in 70-year-old 

316 continuous cover stands (Figure 2).

317 The undiscounted sum of the continuous cover net revenues is about 10% greater than the net 

318 revenue sum of the clear fell regime. Independent of any discount rate applied, the continuous 

319 cover sum of all discounted net revenues is always greater than the clear fell forest’s sum. 

Figure 2 Net revenues when transitioning from clear fell to continuous cover 
forestry. For both regimes, 2000 € establishment costs have been considered
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320 This result is plausible, as the timing and size of the gap harvests have been economically optimised 

321 in [2]. That means the retained trees have shown a profitability that justified keeping them longer 

322 than the trees already harvested, as the remaining trees showed higher growth rates in [2] because 

323 of the lower stand densities after the gap harvests.

324 The transition continues over 70 years, so the continuous cover regime applies in all previously 

325 clear fell stands when they reach age 60. Note that after 60 years of transition, net revenues from 

326 the timber grown on the gap harvest areas established 60 years before are contributed. The 

327 continuous cover transition also considered 2000 € per hectare for establishment costs, which is 

328 conservative, as cheap natural regeneration can commonly be used in such forests. The transition 

329 to continuous cover forestry results in discontinuous net revenues, compared to perfectly constant 

330 net revenues for the clear fell portfolio (Figure 2).

331 Conclusion

332 This means the specific continuous cover regime considered here is not economically inferior to 

333 the chosen clear fell reference system even during the transition. The clear fell portfolio's only 

334 advantage is its constant net revenue flow. However, for several reasons, such constancy will never 

335 be achieved in real-world forestry. We suggest that Kärenlampi’s conclusion concerning the 

336 economic inferiority of continuous cover forestry cannot be inferred from consistent economic 

337 assessment. 

338 Disturbance costs of continuous cover forestry 

339 Economic approach

340 Kärenlampi’s research tested the impact of different hazard rates (disturbance density rates in his 

341 paper) on the regime’s associated disturbance costs [1]. The assumed hazard rates applied to all 

342 trees regardless of age. For example, a ten-year-old tree would have the same risk of being affected 
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343 by wind, snow, fire or bark beetles as a 100-year-old tree. Kärenlampi derived disturbance costs 

344 for the clear fell system by modifying the equilibrium forest composition, accounting for the 

345 disturbances. This reduced the area that can be clear felled each year in the equilibrium forest 

346 portfolio and the corresponding annual net revenues. 

347 However, Kärenlampi’s research followed a different approach for the hypothetical continuous 

348 cover forest enterprise. He assumed that disturbances reduce the average forest value (minus bare 

349 land value in a proposed correction of his paper) at a rate corresponding to the hazard rate. For 

350 example, an annual hazard rate of ℎ = 0.003 would mean an annual disturbance cost in the 

351 continuous cover system of 𝐷 = 0.003 ∙ 14000 = 42 € per hectare per year. This approach 

352 assumes a stand of multiple differently old tree cohorts as a homogenous unit, where identical 

353 disturbance probabilities apply to all tree cohorts. 

354 Critical assessment

355 It is very unlikely that a continuous cover forest will be destroyed entirely because the available 

356 regeneration, consisting of young tree cohorts, is much less vulnerable to disturbances, and at least 

357 part of it will likely survive. This regeneration will support a quicker recovery than under a clear 

358 fell regime, where disturbance regularly leaves only bare forestland. This highly interesting 

359 resilience effect is economically valuable (a core result in [2]) but was excluded in Kärenlampi’s 

360 study.

361 For example, after severe disturbance of continuous cover stands at stand ages 60 and 70 with 

362 surviving young tree regeneration, the forest value was still between 15561 and 17032 € per hectare 

363 [2] and not just the bare land value as assumed by Kärenlampi (which is 10227 before the 

364 establishment of young trees). Thus, only in the worst case will the continuous cover regime start 
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365 from bare forestland (for example, after all the trees have been burned), but this is not a standard 

366 case. 

367

368

369

370

371

372

373

374

375

376 Even if all trees are lost, there is no reason to shift to clear fell forestry, as Kärenlampi suggested, 

377 because one can always start a continuous cover forest regime from bare land, as shown in [2].
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378 An 

379 alternative expectable disturbance-based loss of economic value after high-severity disturbances is 

380 shown by Figure 5 in Knoke et al. [2]. When comparing the forest value before and after a simulated 

381 high severity disturbance, the value differences were 4714 and 5733 € per hectare for stand ages 

382 60 and 70, respectively. This is significantly less than Kärenlampi assumed. Accounting for such 

383 forest structural buffer effects caused by available young tree cohorts suggests a forest value 

384 exposed to disturbance effects of, on average, 5224 € per hectare. Weighted with the hazard rates 

385 assumed in [1], we receive revised disturbance costs for continuous cover forestry, shown in Figure 

386 3. 

387 Conclusion

388 The revised disturbance costs for the continuous cover regime are lower than those of the clear fell 

389 system—remarkably, surviving young tree regeneration may significantly reduce the disturbance 

390 costs in this example.

391 Discussion 

392 Kärenlampi’s research [1] provides a stimulus for discussing the economic assessment of forest 

393 disturbances under alternative forest management regimes. It shows the need to create and apply 

Figure 3 Disturbance costs for different assumed extreme disturbance hazard rates. 
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394 appropriate economic assessment approaches while we suggest a revised and more consistent 

395 economic methodology. 

396 We second the adoption of simple models and assumptions in the sense of Ockham's razor 

397 hypothesis, but we suggest that the models and assumptions should not be too simple. For example, 

398 given the available empirical evidence in Hanewinkel et al. [10] or Mohr et al. [7], one may expect 

399 much lower disturbance costs under continuous cover forests than clear fell forests because of their 

400 high biological resistance. In contrast, our revised disturbance costs under continuous cover 

401 forestry were similar to those under the clear felling system. However, the low disturbance costs 

402 of clear felling from Kärenlampi’s approach do not correspond with the experience German forest 

403 owners have with their clear felling forests [24]. This raises the question of whether or not assuming 

404 an identical vulnerability to disturbances of all trees, independent of their age, height, crown length, 

405 vitality, and their embedding into different tree neighbourhoods, would be the best approach. Our 

406 research demonstrated that high resilience is economically valuable [2] and should be considered 

407 in future studies, as economic resilience is a much-underrepresented research field, not only in 

408 forest science. However, continuous cover forests' presumably higher biological resistance has not 

409 yet been addressed in economic studies. The effects of tree species mixtures were also ignored 

410 [25,26] in Kärenlampi’s research and in [2]. Within this framework, we suggest that establishing 

411 the economics of forest disturbances would greatly benefit from closer cooperation between forest 

412 economists and disturbance ecologists, who have provided tremendous knowledge over the last 

413 decades [27–37].    

414 The economic argument presented by Kärenlampi in favour of clear fell regimes appears to rely on 

415 a concept that requires further refinement. The forest value used by Kärenlampi as a capitalisation 

416 value estimates the potential maximum willingness to pay for forestland, including the standing 
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417 timber. These forest values heavily depend on the chosen discount rate. For example, we might 

418 assume the used discount rate to be the internal rate of return of an alternative benchmark 

419 investment against which all forest net revenues are assessed. Suppose such a forest value is 

420 considered a forest portfolio's purchase price or an approximation of the forest’s market value. In 

421 that case, the investor implicitly accepts the discount rate used to calculate the forest value as his 

422 or her capital rate of return. Adopting such forest value to estimate a hypothetically expected forest 

423 enterprise's capital return rate remains inconclusive, as the capital return rate is already defined in 

424 advance and, per definition, identical for both regimes.  

425 In addition, Kärenlampi’s suggestion to eliminate time effects by defining equilibrium forest 

426 portfolios as theoretically perfectly sustainable static entities is well-known in forest economics 

427 [see 20 or 38]. However, due to the unrealistic assumption that no alternative investment 

428 opportunities exist, we suggest forest owners proceed cautiously with such approaches when the 

429 financial budgets are scarce. However, such opportunity costs do even exist if, as with many forest 

430 owners, reallocation of capital from forest assets is not an acceptable option: Money not earned 

431 during expensive transitions from one state to another may be spent on harvest infrastructure, pre-

432 commercial thinnings forest conversion or pruning to enhance timber quality. As an alternative to 

433 discounting free approaches, we propose dynamic stand-level analyses or capital gain calculations 

434 to conduct enterprise-level investigations as decision support.    

435 Our analysis of methodological concerns in assessing continuous cover forestry regimes has 

436 touched on only a few aspects of the broad field of forest economics. For example, considering 

437 silvicultural regimes as mutually exclusive is a limited perspective since multiple ecosystem 

438 services and desirable diversification effects to buffer against uncertainties require a landscape 

439 perspective. For example, given multiple objectives and landscape-level uncertainty 
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440 considerations, an optimisation-based study has shown that continuous forest cover would cover 

441 certain proportions of desirable landscapes. Still, they would never dominate them [39]. This 

442 modelling-based outcome is supported by empirical studies, for example, concerning the influence 

443 of different silvicultural regimes on biodiversity [40]. Whether forest ecosystem services should 

444 be discounted to consider human time preferences [41], and if so, with which discount rates [42] 

445 constitutes an important subject for further research. The social value of avoided carbon emissions 

446 presents intriguing avenues for research [43], particularly regarding the impact of relative price 

447 changes on the future valuation of forest ecosystem services and how relative price changes will 

448 influence the future value of forest ecosystem services [44–46]. Regardless of the specific aspect 

449 of forest economics under consideration, it is essential that the methodology be appropriately 

450 selected and applied, as improper application may undermine the credibility of the assessment 

451 results [47].

452
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