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The historical development of silviculture has been closely related to an increasing 

need for timber, which resulted in more planted forests and artificial regeneration over 

time. The idea of natural regeneration through shelterwood cutting was often not 

accepted by forest owners as a management practice because of inadequate financial 

returns and less certain outcomes. Despite the evolving dominance of planted forests, 

questions remain if the lower costs of natural regeneration may still provide sufficient 

profitability of forest investments. In this paper, the profitability of planted versus 

natural forest management in Poland and the U.S. South was examined. A discounted 

cash flow model was developed to evaluate the profitability of artificial and natural 

regeneration in hypothetical Scots and loblolly pine stands in Poland and the U.S. 

South, respectively, and hardwood stands (dominated by oak spp.) in both countries. 

The results have shown that for both countries and species, natural regeneration 

regimes produce higher internal rates of return (IRR), largely due to less expensive 

establishment costs. The largest difference in returns is observed for hardwood in the 

US South (97 basis points, bps, or almost 1 percentage point), followed by pine in the 

US South (84 bps) and pine and hardwood in Poland (both ca. 70 bps). Southern pines 

in the U.S. South may have larger net present values (NPV) at moderate discount rates, 

as well as provide more certain wood production outcomes, which have contributed to 

their pervasive adoption. We conclude that natural stand forest management, in 

addition to better rates of return, may bring other non-financial benefits (e.g., genetic 

diversity, resilience), which may support forest owners and the environment, especially 

under changing climate conditions. Nevertheless, the regeneration method and its 

feasibility and profitability should be carefully considered on a case-by-case basis for 

each forest investment. 

 

  

http://www.forest-journal.com/
mailto:rafal@forest-analytics.com


Chudy et al. (2022)                                                                       Journal of Forest Business Research 1(1), 1-20 2022 

           

2 www.forest-journal.com  

 

INTRODUCTION 

 

The historical development of silviculture has been closely related to an increasing need for timber, which 

since the Middle Ages progressed from exploitation and high grading to selective natural stand 

management to planted forests and artificial regeneration (Chudy and Cubbage 2020). Planting softwoods 

to increase yields and gain a higher total profit spread first over most of Europe and then influenced forest 

management methods in the rest of the world (James 1996). Until the turn of the 20th century, even-aged 

planted stands oriented for timber production also have dominated the research and practical business 

applications around the globe.  

Once managed through an integrated conservation model, global forest management has evolved into a 

bifurcated system of timber plantations and areas managed for multiple purposes, such as recreation, 

hunting, range, and wilderness (Bennett 2015). Both increasing demands for wood and timber products 

and agricultural lands contributed to the adoption of the bifurcated system, raising several global concerns 

in the process. The return to purposeful natural forest management has been one middle alternative to 

these two ends of the forestry spectrum. 

Forest health problems, social opposition, and forest certification standards have caused the forestry sector 

to reconsider its preference for planted even-aged monocultures. New proposals have occurred for more 

natural systems of regeneration, reduction of clear cuts areas and the cultivation of mixed forests to 

maintain natural forest structure. The high demand for wood during the Second World War and the post-

war years caused an extreme deterioration of forest cover. According to Johann (2006), this was probably 

why a considerable number of Central-European foresters promoted the cultivation and conservation of 

natural-mixed stands, natural regeneration through shelterwood cutting or continuous cover forestry 

systems or thinning the cultivation of the growing stock. However, forest owners often did not accept such 

ideas as management practices because of less certain success of natural stand management and perhaps 

poorer financial returns. 

The economic costs and returns, together with the possible harvest and regeneration alternatives 

acceptable for the site, and the landowner’s management objectives, significantly influence the 

regeneration decision (Cubbage et al. 1991). Natural regeneration is intended to (a) lower initial costs, (b) 

maintain genetic potential, (c) offer a rich choice of species, and (d) ensure unharmed root development. 

Despite the historical preference for planted forests by many large forest owners and forest managers, 

questions remain if the lower costs of natural regeneration may still provide sufficient profitability for 
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forest investments. This issue depends on the costs and success of planted and natural forest management, 

tradeoffs between maximum wood quantity and diverse ecosystem services, the capital budgeting criteria 

used (e.g., Internal Rate of Return (IRR) versus Net Present Value (NPV)), capital availability, landowner 

and social preferences, climate change, and more.  

Only a few studies have made economic comparisons between natural and artificial regeneration1 in 

Poland or the U.S. Długosiewicz et al. (2019) compared the costs of establishing and maintaining Scots 

pine (Pinus sylvestris) stands using natural and artificial regeneration methods in south-eastern Poland. 

They found that the total costs of artificial stand regeneration and tending were on average higher by USD 

376/ha than naturally regenerated stands. Kaliszewski (2018) did a cost analysis for artificial and natural 

oak (Quercus spp.) regeneration in selected forest districts in Poland. Similarly, the results showed that 

the total costs of silvicultural and protective measures in natural oak regeneration were considerably lower 

(ca. USD 1,387/ha) compared to artificial regeneration. It was found that lower costs of natural oak 

regeneration were the consequence of the complete lack of expenditures on seedlings and planting, but 

also a considerably lower weeding intensity, infrequent supplementary planting, and the absence of 

mechanical wildlife damage control measures. 

In the United States, Dangerfield and Edwards (1991) compared the profitability between natural 

regeneration and planted stands of loblolly pine (Pinus taeda). It was found that natural loblolly 

regeneration was financially competitive with a clearcut-and-plant method. Cubbage et al. (1991) also 

showed that the natural regeneration (seed-tree method) was the most profitable for longleaf pine (Pinus 

palustris) based on the capital budgeting criterion of internal rate of return (IRR) compared to even high-

intensity site preparation and planting regime in the U.S. South. However, these findings were challenged 

by practitioners, who stated that natural regeneration often looked good on paper, but seldom did so on 

the ground. Indeed, historical evidence in the U.S. South suggests that planted pine forests are increasingly 

preferred. They increased from about 4 million ha in 1970 (Prestemon and Abt 2002) to more than 17 

million ha by 2012 (Oswalt et al. 2014). Planted forests have been adopted almost exclusively by all 

professional forest asset managers (e.g., timber investment management organizations (TIMOs), real 

estate investment trusts (REITs) or wood industry), as well as a large share of nonindustrial private forest 

owners.  

 
1 We use artificial regeneration and tree planting terms interchangeably through the paper, as opposed to natural regeneration. 

By natural regeneration, we mean a partial felling method such as individual tree selection, shelterwood, or leaving seed trees; 

or regeneration after clear felling from residual small saplings, seeds, or sprouts from roots.  
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Unfortunately, most previous studies are dated, limited to the regeneration phase only, or have not 

explicitly analyzed the profitability of different regeneration methods using discounted cash flow (DCF) 

and capital budgeting measures for forest investments using modern forest management approaches and 

data. In addition, previous studies did not explicitly consider the important influence of the selection of 

capital budgeting criteria – IRR, NPV, land expectation value (LEV), or benefit cost ratio (BCR) – and 

the impact on the likelihood of regeneration success and capital availability in the selection of planted 

versus natural stand management. We posit that (1) it is quite possible that natural regeneration may have 

high rates of return since it often does not require as much initial investment and that (2) planted forests 

with high costs but predictable large yields on a smaller land area may generate greater present values if 

adequate capital is available for establishing the plantation and the discount rate is low enough. 

In fact, very few studies have systematically analyzed comparative planted and natural stand forest 

management economics and investment returns. However, this subject bears more examination now as 

social, environmental, genetic, and climate factors have raised questions about the long-term viability of 

planted monocultures.  

Our objective here was to perform some contemporary, relevant analyses that examined this issue of 

planted versus natural forest management, using Poland and the U.S. South as case studies. Poland 

represents forests quite typical of Central Europe, and the U.S. South is the largest industrial roundwood 

producer in the world. These northern hemisphere countries are interesting because they still have 

opportunities to produce timber and nontimber products with native or naturalized trees, which are 

different from the cases of countries whose commercial planted forests usually consist of exotic species. 

The regions of the U.S. South and Europe and the species of oak (Quercus spp.), loblolly pine and Scots 

pine (Pinus sylvestris) are probably the most important species in the northern hemisphere, and perhaps 

in the world, for their extensive mix of major commercial timber production and provision of many 

ecosystem services.  

This research effort addresses this gap in the current research using a well-established DCF framework 

(Cubbage et al. 2014; Cubbage et al. 2020) for representative pine and oak stands in Poland and the U.S. 

South. The paper continues with a description of the methods and data applied. Then the results are 

presented and discussed, and finally, the principal conclusions are drawn. 
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MATERIAL AND METHODS 

 

Input Data for Poland 

Since forestry in Poland is dominated by State Forests National Forest Holding (State Forests) (Siry and 

Newman 2001; Chudy et al. 2016), no consulting forestry firms have such cost data readily available in 

their records. Therefore, for Scots pine management, we obtained data on costs from two independent 

sources: literature2 and estimate of a local expert, and we averaged them. Concerning site preparation, 

planting and periodic stand treatment for Scots pine, natural regeneration costs were lower than artificial 

ones by 7%, 79% and 40%, respectively. Site preparation and planting costs (including replanting) for oak 

sp. were 90% lower for natural regeneration (127 USD/ha) than for artificial one (1,174 USD/ha). 

Regarding growth and yield, we applied the mean annual increment (MAI) equal to 9.3 m3/ha/year for 

pine and 8 m3/ha/year for oak (BULiGL 2020). Since in Poland the rotation length is based on the 

biological rotation age3 rather than the economic one4, we assumed the same rotation age for both 

regeneration methods, i.e., 100 years for pine and 120 for oak. 

We kept harvest and management costs5 equal for both species groups to focus on the regeneration method 

purely. Therefore, forest tax in 2019 was equal to 11 USD/ha/year, and it is applied to forest stands older 

than 40 years (Kancelaria Sejmu 1991). Pulpwood and sawlog prices came from Forest and Timber Portal 

(Portal Leśno-Drzewny in Polish) (State Forests 2019), while fuelwood prices were obtained from Polish 

Statistical Office – GUS (Statistics Poland 2019). 

The natural regeneration scenario assumed even-aged management such as seed tree or shelterwood 

method. For the physical and financial analysis, this helps to set the initial year to zero. Otherwise, for 

uneven management, the determination of the initial year would be difficult (Cubbage et al. 1991). All the 

costs from the literature that were reported in previous years were adjusted by Consumer Price Index 

 
2 The literature evidence on natural regeneration costs of Scots pine came from studies of Bis (2009), Długosiewicz et al. 

(2019), Zając and Kaliszewski (2014). For oak spp., we used the data from Kaliszewski (2018)(Kaliszewski 2018), where the 

cost analysis of artificial and natural oak regeneration was conducted, and we found it representative. 
3 Biological rotation age is optimized for long-term timber volume production determined by the stand age when mean annual 

increment of volume growth and periodic annual increment are equal or very close to each other. 
4 Economical rotation age – or sometimes called financially optimal rotation length – maximizes the net present value or land 

expectation value by discounting costs and revenues to present value with a chosen discount rate. In other words, the optimal 

time to cut the forest is when the time rate of change of its value is equal to interest on the value of the forest plus the interest 

on the value of the land (Faustmann 1849)(Faustmann 1849). 
5 These inputs came from studies of Adamowicz and Kaciunka (2014), Ankudo-Jankowska and Tutka (2014), DGLP (2020), 

Piekutin et al. (2015). 
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(World Bank 2019) to make them equal to 2019 costs. For Poland, all costs were obtained in Polish Zloty 

(PLN) and were converted to United States Dollar (USD) by the following average 2019 conversion rate: 

1US$ = 3.84 PLN (FRED 2019).  

Input Data for U.S. South 

Data for the U.S. South were obtained from prior research, secondary sources, and consultation with forest 

land managers. U.S. South management regimes for planted pine were taken from (Cubbage et al. 2020). 

Natural pine and both natural and planted hardwood regimes for planting, timber stand improvement, 

thinning, and final harvests were determined from interviews with forest managers. Rotation ages for 

typical stands modelled for the U.S. South were 25 years with one thinning for loblolly pine and 60 years 

with two thinnings for natural oak hardwoods. Unlike Poland, which has mandated biological rotation 

ages, the U.S. rotations equal the approximate financial optimum rotation ages6.  

Based on what has occurred in practice, these rotation ages and management regimes modelled in the U.S. 

South and Poland assumed largely even-aged management in both natural and planted stands. For 

example, in 2002, North Carolina had a forest area of 7.2 million ha, with 2 million ha of softwood/pine 

types and 5 million ha of hardwoods. From 1990 to 2002, 89% of all planted pine harvests were from 

even-aged forests, and only 11% were from partial harvests or commercial thinnings. In addition, even for 

natural pine, 82% of all harvests were from even-aged stands. For natural upland hardwoods7, 68% of all 

harvests used even-aged methods. In aggregate, more than 75% of all North Carolina timber harvests 

resulted from even-aged methods (Brown 2004)8. 

We estimated average growth rates based on the U.S. Forest Service, Forest Inventory and Analysis data, 

drawn from a special run made by Sheffield (personal communication, 2020). These data summarized 

average growth rates for loblolly pine by state, and were used to estimate a representative southern growth 

rate for natural pine with good growth rates of 10 m3/ha/year and greater 13.5 m3/ha/year for artificial 

regeneration. The data from Sheffield also were used for hardwood species by state, for a mix of species 

types, including oak. We only had relevant growth rates for mixed oak-hickory hardwood types, which 

 
6 TIMOs or REITs in the U.S., who manage a significant portion of pine plantations, do use rotation ages around 25 years for 

loblolly pine. Hardwoods are seldom managed as plantations, but planted and natural rotations tend to be 80 years or more. 

This age, however, would not represent a financial optimum since the long wait for final harvest revenues would not be worth 

the extra volume grown. So we chose 60 years as an approximated financial optimum for our analyses. 
7 There were no reported hardwood plantations. 
8 Poland has mandated rotation ages that largely do use even aged management. 
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we used as the base. We also had a prior study by Siry et al. (2004), which had average growth rates of 

2.1 tons per acre (4.1/m3/ha/year) for natural hardwood stands. We assumed that planted, well-spaced (3m 

x 3m) planted oak stands would yield 50% more than natural mixed natural stands or 6.2 m3/ha/year.  

Stand site preparation, planting, and timber stand improvement data were taken from the North Carolina 

Forest Service (2020) prevailing rates cost reference for pine and hardwood. Stand administration costs 

were updated from Cubbage et al. (2020). Timber stumpage prices were based on TimberMart-South 

(2020) data. We estimated all management costs and timber sale prices for stumpage – the price of timber 

sold standing in the woods. Both in Poland and the U.S. South, we assumed that the selected species have 

good growth and management practices and represent typical sites with the most likely timber rotation 

and thinning regimes. These typical stands and management assumptions rest on similar analyses by 

(Cubbage et al. 2014; Cubbage et al. 2020). 

The extensive input data, including treatment costs, timber prices, and cash flows for Poland and the U.S. 

South and the spreadsheets developed are not listed here but are available on request. The discounted 

values of those cost and return components are shown below in Figure 1.  

Discounted Cash Flow (DCF) Model  

We used a DCF model9 for the analysis, which is usually used to evaluate forest investment opportunities. 

The approach and the data collection spreadsheet are similar to methods used before (Cubbage et al. 2014; 

Chudy et al. 2020; Cubbage et al. 2020) and have been proven robust, accurate, and sensitive to changing 

input prices and timber prices by product classes. The DCF model was used to calculate the NPV, LEV, 

IRR, and BCR for each regeneration method. The higher IRRs for a forest investment, and the greater the 

amount by which it exceeds the cost of capital, the higher the discounted net cash revenues compared to 

the expenses. 

The IRR is the discount rate at which the net present value of all cash flows from a particular investment 

equals zero, defined by Equation 1 below. 

 

 

 
9 Template is available online as a supplementary material to the article published by Cubbage et al. (2014), or available from 

the authors. 
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Equation 1 

∑
𝐶𝐹𝑛

(1 + 𝐼𝑅𝑅)𝑛

𝑁

𝑛=0

= 𝑁𝑃𝑉 = 0 

 

where: CF0 – initial investment, CF1, CF2…CFN – net cash flows, NPV – net present value of the 

discounted costs and discounted benefits, IRR – internal rate of return, index n = 1, 2, 3, …N. 

Net cashflow is calculated as the difference between total annual revenues and total operating expenses. 

For IRR calculations, we used the Excel IRR function. If there is an exceptionally variable set of cash 

flows with changes in their sign, which is common in natural forest stand analyses, the IRR function will 

not work – giving multiple roots. But the IRR can be calculated iteratively in a spreadsheet by comparing 

discounted costs and discounted revenues with different discount rates until they are equal, and thus NPV 

= 0. 

Since we cannot compare NPV of two different management forestry regimes due to their different 

rotation ages, we calculated and reported LEV, assuming these regimes are repeated in perpetuity, using 

the following formula: 

Equation 2 

𝐿𝐸𝑉 = 𝑁𝑃𝑉 +
𝑁𝑃𝑉

(1 + 𝑟)𝑑 − 1
 

where,  

r - real discount rate (5%10 for both Poland and the U.S. South), and 

d – rotation age (specific for each species management regime and country). 

We also report the BCR that is calculated as the total discounted benefits divided by total discounted costs 

within the lifetime of one rotation.  

  

 
10 We applied a uniform 5% real discount rate to estimate returns for all species in both countries. Such fixed discount rate 

allowed us to compare all investments on the same basis, without the cost of land that in both countries is different. The fixed 

discount rate also helped us to keep the baseline for consistency for every year that the research data have been collected. 

http://www.forest-journal.com/


Chudy et al. (2022)                                                                       Journal of Forest Business Research 1(1), 1-20 2022 

           

9 www.forest-journal.com  

 

RESULTS 

 

Figure 1 presents total discounted costs and benefits for both regeneration methods in pine and hardwoods 

stands in Poland and the U.S. South. 

 

Figure 1. Discounted costs and benefits for pine and hardwoods in Poland and the U.S. South under natural 

and artificial regeneration regimes ($/ha). Note: NR – Natural Regeneration, AR – Artificial Regeneration 

A few observations can be made about Figure 1. Site preparation and planting costs were significantly 

lower for natural regeneration methods than artificial ones in Poland and the U.S. South. Costs of natural 

regeneration were 60% and 91% lower than artificial ones for pine in Poland and U.S. South, respectively. 

The differences were even higher for hardwoods, and the cost reduction under natural regeneration was 

89% and 100% lower, respectively. Regarding periodic stand treatments, the natural regeneration method 

costs were higher in both countries and species, except pine in Poland. 

In Poland, for both species and regeneration methods, management costs were assumed to be equal as the 

rotation ages under both species’ regimes were the same. However, since the rotation ages for artificial 
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regenerations (both pine and hardwoods) were shorter than naturally regenerated stands, the management 

costs in the U.S. South differ slightly. 

In Poland, total discounted benefits (net incomes from thinnings and final harvest) for pine and hardwoods 

were similar despite the differences in growth rates and rotation ages. However, in the U.S. South, the 

benefits associated with pine were significantly higher than for the hardwood stands. 

Table 1 presents the key financial metrics based on the discounted cash flow analysis for pines and 

hardwood management systems in Poland and the U.S. South.  

Table 1. IRR, LEV, and BCR for natural regeneration and tree planting for pine and hardwood management 

systems in Poland and the U.S. South. 

Financial 

parameter 
Natural regeneration Tree planting 

IRR Pine Hardwood Pine Hardwood 

Poland 3.55% 4.39% 2.86% 3.69% 

US South 7.14% 3.83% 6.30% 2.86% 

LEV ($/ha)     

Poland -666 -487 -1,369 -1,515 

US South 681 -414 722 -1,901 

BCR     

Poland 0.59 0.68 0.42 0.41 

US South 1.53 0.65 1.26 0.41 

Note: Real discount rate of 5%. 
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For both countries and species, natural regeneration regimes produced higher IRRs. The most significant 

difference in returns was observed for hardwood in the U.S. South (97 basis points, bps11), followed by 

pine in the U.S. South (84 bps) and pine and hardwood in Poland (both ca. 70 bps). However, at the 5% 

discount rate, planted loblolly pine had a slightly higher LEV than the natural stands. Capital budgeting 

theory recommends that investors choose the highest NPV or LEV at a known discount rate to maximize 

their returns, rather than selecting the highest IRR, which does not account for the magnitude of the net 

profit. In practice, our calculations of the differences in southern pine LEVs were relatively small, and the 

differences in IRRs were modest.12 

The LEV was the highest for pine stands in the U.S. South, and the difference between natural and artificial 

regeneration methods was relatively small (ca. 40 USD/ha). Then, the hardwood stands regenerated 

naturally in Poland, and the U.S. South had the second-highest LEV (albeit still negative at 5%), followed 

by naturally regenerated pines in Poland. Finally, artificially regenerated pines in Poland and hardwoods 

in Poland and the U.S. South had very negative LEVs due to significantly higher upfront site preparation 

and planting costs and relatively long rotation ages. The BCR showed the same outcome.  

 

DISCUSSION AND IMPLICATIONS 

 

Research Findings  

We analyzed the financial returns of natural versus planted pine and hardwood forests for timber 

production using representative case studies from Poland in Europe and the U.S. South using the DCF 

approach and the primary capital budgeting criteria. The analysis provides insights about financial 

outcomes and tradeoffs of natural versus planted forests when there is much debate about their relative 

merits for broader goods and services such as biodiversity, carbon storage and social well-being. In 

addition, natural regeneration may lead to enhanced forest protection, survival and longevity, especially 

with a changing climate.  

 
11 1 basis point (bp) = 0.01% 
12 The results indicate one reason for preferring NPV or LEV over IRR in capital budgeting with a known discount rate, 

especially in forest investments with sufficient capital. Lower discount rates allow more expensive planted forest investments 

to generate higher total profits, even though their IRR may be less than natural forests. As noted, IRRs also may have 

mathematical calculation problems in investments with multiple cash flows that alternate in signs, leading to multiple IRRs. 
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In this research, we have shown that based on the criterion of IRR, natural regeneration may lead to similar 

or even better financial results for forest owners compared to tree planting, which evolved to dominate 

actively managed forestry practices over the past centuries. The results of DCF models and analyses for 

the two countries, with different climatic conditions and forestry management settings, showed that natural 

regeneration regimes for pines and hardwoods always produced higher IRRs, primarily due to the low 

capital requirements and smaller initial establishment costs. However, at a reasonably low and prevalent 

real discount rate of about 5%, the preferred capital budgeting criterion of LEV was maximized by a small 

amount with pine plantations in the U.S. South. 

Our models represent current input costs, timber prices and yields and use reasonable assumptions. Chudy 

et al. (2020) tested various ranges of input parameters under the Monte Carlo simulation framework for 

single-hectare financial models to examine the main factors that influence IRRs in several global timber 

plantation investment opportunities. They found that Poland’s IRRs for pine and oak stands were affected 

most by growth rates, management costs, and log prices (pulpwood price for pine and sawtimber price for 

oak). Site preparation cost was the least important for Scots pine, but it was among the top four most 

crucial parameters for oak stands. For loblolly pine in the U.S. South13, the largest impacts were growth 

rates, sawtimber price and site preparation cost. 

Although site preparation and planting costs are essential for the profitability of forest investments in 

Poland and the U.S. South, it is challenging for forest managers to reduce them. Nevertheless, natural 

regeneration can significantly help here, from a financial perspective and perhaps by providing more 

resilience to biotic and abiotic risk factors.  

These and other results indicate that forest management costs in Polish State Forests could be optimized 

(or reduced), which should be pursued (Siry and Newman 2001; Chudy et al. 2016). For instance, State 

Forests in Poland plant between 8-10 thousand seedlings per hectare, explaining that such artificial 

regeneration resembles natural outcomes. The question arises if there is a need to replicate nature when 

the regeneration solution is at one’s fingertips – free of charge. That may be one of the reasons why 

periodic stand treatment costs for Scots pine in Poland are higher for tree planting than for natural 

regeneration (in all other models, the case was the opposite).  

 
13 Chudy et al. (2020) did not include U.S. hardwoods.  
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Lula et al. (2021) analyzed the profitability of Scots pine stands in southern Sweden and found that high-

density planting (10,000 seedlings per hectare) resulted in a negative LEV, while planting on clear-cuts 

with 1,600 - 3,265 seedlings per hectare resulted in the highest profitability and production. The negative 

LEV for high-density planting confirms our results. Therefore, one recommendation for State Forests in 

Poland could be to either reduce the planting density or shift to natural regeneration practices where 

possible.  

The results indicate that hardwood IRRs and LEVs were relatively close for natural regeneration in Poland 

and the U.S. South. Still, planting was much less profitable in the U.S. South and worse than natural 

management. For example, planting hardwood trees and waiting 50 or 120 years for returns leads to low 

IRRs and negative LEVs at a 5% or even a 3% discount rate. On the other hand, natural regeneration of 

loblolly pines can yield the highest IRR of 7.14%, but planted pines had the highest LEV of all 

management regimes, at $722 per hectare with a 5% discount rate. 

These findings for the U.S. South reflect the management choices commonly made in the region. As of 

2012, there was a surprisingly large area of 2.6 million ha of planted hardwoods and 64.7 million natural 

hardwood species in the U.S. South. Southern pine area included 17 million ha of planted pines and 19 

million ha of natural regenerated pines (Oswalt et al. 2014). Most of the planted hardwoods in the U.S. 

South were prompted by federal and state incentive programs with broad ecosystem service goals. The 

relatively balanced mix of southern pine artificial and natural stands probably reflect the objectives of 

commercial owners with large amounts of capital who favor planted species, more predictable growth and 

yield outcomes, and reliable returns with somewhat higher LEVs, versus smaller and capital-constrained 

nonindustrial owners who often prefer spending less for forest establishment costs, but still can receive 

quite good IRRs. 

The caveats on good regeneration and suitable species, however, are crucial. For example, only 55% of 

the 59 million ha of hardwoods in the U.S. South are valuable oak-hickory forest types. While the other 

45% of hardwood forest types (e.g., gums, elms, and maples) (Oswalt et al. 2014) undoubtedly provide 

valuable ecosystem benefits, they will not offer very attractive financial returns. And even good 

management of oaks is far from likely, with degraded stands far outnumbering high-quality stands. So our 

results probably represent the upper bound of financial opportunities for hardwood species returns in the 

Northern Hemisphere. Pine stand returns also are probably much more predictable for planted stands than 

for natural stands. 
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While they are based on two countries, two species and deterministic DCF models, we believe that the 

results are broadly generalizable. First, other than planted hardwood forests in the U.S. South, the forest 

management models used are the most common in each country and each species, including mandated 

rotation ages in Poland and typical even-aged financial rotations in the U.S. South. Second, the results 

conform with intuition, suggesting that natural stand management with much lower initial costs could 

have higher IRRs if timber yields are reasonable. Our results also indicate that short-rotation planted pines 

are slightly preferred using LEV at sufficiently low discount rates, with higher net present values than 

natural stands. Third, the limited prior research on forests in the U.S. South found similar results, with 

natural forest investments having higher IRRs than planted forests (Cubbage et al. 1991; Dangerfield and 

Edwards 1991). Fourth, the direction of the comparative results we found would remain the same as long 

as relative input costs were the same for planted or natural stands, assuming timber prices were constant. 

This also seems likely, since as Chudy et al. (2020) noted, site preparation costs are not expected to be 

reduced much – still favoring natural regeneration. Last, the one factor that could reduce or reverse natural 

stands’ comparative advantage is the possible prospect of poorer yields from natural stands. This belief 

and outcome is undoubtedly a critical factor in the widespread conversion of natural to planted stands 

throughout Europe and the U.S. South. 

Global Forest Resource Management Implications 

Historically, the financial success of plantations and the ability to manage them to achieve more consistent 

and predictable results led to pervasive changes in forest structure and composition, favoring fast-growing 

conifers while eliminating broadleaved species from the 1860s onwards. Depending on the country, either 

the reduction of usual rotations and initial stocking density took place (Möhring 2001) or forestry was 

focused on predictable maximum sustained yield, technical wood product criteria, and more consistent 

management prescriptions and outcomes. Natural stand management may have been more desirable with 

scarce capital. Still, variation in regeneration success and different stand outcomes from natural 

management were immense due to factors such as the weather at crucial times, competition from 

undesirable species, the lack of seed or coppice trees, or having too much regeneration, which then 

requires expensive pre-commercial thinning. 

Planted forests may be more expensive initially but usually ensure more consistent and predictable 

management and harvesting costs and greater timber growth and yield. In addition, management of planted 

forests allowed a reductionist scientific and educational approach to prevail, required fewer foresters and 
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managers, and reduced administration costs, perhaps at the loss of the art of silviculture. In any case, 

ecosystem services did not receive much consideration in forest management (e.g., Johann 2006). Also, 

at the end of the 19th century, the introduction of fast-growing broadleaved species of Eucalyptus spp. 

and Acacia spp. accelerated the trends to faster-growing monocultures, especially in the Southern 

Hemisphere and tropics, which have even begun to replace some conifer plantations.  

However, the higher profits and less variability in outcomes associated with monocultures also brought 

risks of less genetic diversity and perhaps less resilient forests, especially in times of climate change. 

These issues took decades to appear, and tree breeders actively try to ensure diverse genetic mixes. 

Nonetheless, the extensive monocultures and changing climate have resulted in more risk of damages 

from wind, insect outbreaks, or drought (e.g., bark beetle problem in Norway spruce in Central Europe or 

Chalara rust attacking European ash). Climate change and natural disasters such as major storms and 

hurricanes also have increased, which may be more likely to damage or destroy fast-grown, uniform, 

planted forests compared to more diverse natural forests. On the other hand, excessively old natural forests 

carry significant mortality risks due to less vigor and management, such as the massive outbreaks of 

mountain pine beetles and record wildfires in Western Canada and the U.S. 

Many sectors of society have grown to oppose monocultures for their perceived problems that cause 

reduced wildlife habitat and biodiversity, harm to native and indigenous people, and adverse impacts on 

water quality and quantity. These objections have led to government responses to encourage natural forest 

management and the incorporation of criteria and indicators for forest certification to measure and 

encourage natural stand management and retention of natural forests. In addition, both major global forest 

certification systems – Forest Stewardship Council and Programme for the Endorsement of Forest 

Certification – encourage retention and protection of high conservation (natural) forests, as well as 

retention of woody biomass and snags after timber harvests, diverse age classes with multiple levels in 

forests, and variegated natural landscapes (Kuuluvainen et al. 2019; Gustafsson et al. 2020; Paluš et al. 

2021). Certification states economic profitability as one of the three broad goals along with social and 

environmental goals, but the effects of such natural stand approaches have not been evaluated explicitly. 
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CONCLUSIONS 

 

Our results provide more current information about the comparative financial returns for oak and pine 

forests with artificial and natural regenerations in the U.S. South and Central Europe. With the demand 

for more natural regeneration to provide more natural forest ecosystem benefits, these financial results are 

essential. Interestingly, the results indicate that if natural stand regeneration occurs well and commercially 

desirable species are produced, natural systems are financially similar or superior to planted forests. 

Natural regeneration is certainly the first step toward nature-based silviculture. Therefore, we suggest that 

future research focus on models exploring the financial viability of other close-to-nature silvicultural 

practices, resulting in a predominantly uneven-aged, multi-layer and multi-species structure of forests. 

One such practice can be continuous cover forestry, which may bring a lot of challenges related to input 

parameters such as growth and yield, operations timing, costs and revenues estimations, and stand damage 

impact due to multiple entries. 

Another direction for future research is implementing carbon accounting schemes into forest investment 

models. The voluntary carbon market mechanisms are already in place. Still, there is a need to understand 

better how different silvicultural regimes may affect the profitability of forests managed for carbon and/or 

timber. For instance, Evans et al. (2015) found that the average minimum carbon price required to make 

assisted natural regeneration viable was 60% lower than needed to make environmental plantings viable. 

It was concluded that assisted natural regeneration could sequester 1.6 to 2.2 times the amount of carbon 

sequestered by environmental plantings over a range of hypothetical carbon prices with a moderate 5% 

discount rate. 

Forests are expected to play a substantial role in climate change mitigation efforts and other ecosystem 

services. Our financial research shows that, in theory, with successful forest management, forest owners 

and managers may receive similar investment returns to planted forests by taking the nature-based 

silviculture pathway that helps to reduce regeneration costs without affecting the further development of 

forest stand. However, our results cannot be indiscriminately extrapolated to other locations. Like almost 

all forest investments, a careful and diligent analysis should be performed on a case-by-case basis before 

making any silvicultural decisions and investments. If the forest owner’s analysis shows that it is feasible 

to achieve the same outcome with minimum resources used, like in our example with natural regeneration, 

such economic principles should be considered. Overall, the analyses here do extend our knowledge of 
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planted versus natural forest investments and clarify some of the likely financial tradeoffs that should be 

considered in forest investments for commercial timber products as well as broader social goods and 

services. 
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