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ABSTRACT: The aim of this study was to analyze volume yield, number of logs 

per assortment and economic feasibility of Eucalyptus dunnii stands under 

different management regimes. The stands are located in Fernandes Pinheiro, 

Paraná State, Brazil and cover a total area of 2.26 hectares, fragmented into three 

strata (treatments): A (8 years after coppicing regime), B (9-year old stand after 

two thinnings), and C (7-year old stand after one thinning). Diameters at breast 

height (d) of all trees and heights of 110 trees were obtained. The total height of 

the other trees was estimated by a hypsometric relationship. Tree volume was 

obtained through a taper function. For the economic analysis comparing the three 

strata, the periodic equivalent value (PEV) and the internal return rate (IRR) were 

evaluated considering an interest rate of 8%. The commercial volumetric estimates 

ranged from 156.61 to 375.53 m³ ha⁻¹. The stratum A yielded more logs, mostly 

for energy; stratum B yielded larger logs, and stratum C yielded similar number 

and volume of logs from all assortment classes. For economic analysis, PEV 

ranged from R$ 196.16 to R$ 1,255.79 ha year⁻¹, and IRR ranged from 12.73% 

per year (stratum A) to 21.35% per year (stratum C), based on a interest rate of 

8%. It was concluded that the management condition of stratum C resulted in 

higher economic returns, with its product primarily destined for Sawmill 1. 

 

 

Produção e viabilidade econômica de povoamentos de 

Eucalyptus dunnii em diferentes regimes de manejo 
 

 

RESUMO: O objetivo deste estudo foi analisar a produção volumétrica, número 

de toras e a viabilidade econômica de povoamentos de Eucalyptus dunnii sob 

diferentes condições de manejo, considerando multiprodutos. Os povoamentos se 

localizam em Fernandes Pinheiro, Paraná, Brasil e possuem uma área total de 2,26 

ha, fragmentado em três estratos: A (8 anos regime de talhadia), B (com 9 anos 

regime de condução com dois desbastes) e C (com 7 anos regime de condução 

com um desbaste). Por meio do censo, obtiveram-se os diâmetros de todas as 

árvores e alturas de 110 árvores. A altura total das demais árvores foi obtida pela 

relação hipsométrica. O volume foi obtido por meio de uma função de afilamento. 

Para a análise econômica comparando os três estratos foram avaliados o valor 

periódico equivalente (VPE) e a taxa interna de retorno (TIR) considerando uma 

taxa de juros de 8%.  As estimativas de volume comercial variaram de 156,61 a 

375,53 m³ ha-1. O estrato A obteve maior quantidade de toras, sendo em sua 

maioria para energia, o estrato B gerou maior quantidade de toras e o estrato C 

obteve um equilíbrio entre as classes de sortimento, tanto para volume quanto para 

número de toras. Para análise econômica, o VPE variou de R$ 196,16 a R$ 

1.255,79 ha ano-1 e a TIR variou de 12,35% a.a. (estrato A) a 21,35% a.a. (estrato 

C), com base em uma taxa mínima de atratividade de 8%. Concluiu-se que a 

condição de manejo do estrato C resultou em maior rendimento econômico, com 

seu produto destinado em sua maior parte para Serraria 1.
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Introduction 
The genus Eucalyptus is the most planted in 

Brazil, representing 76% of the planted forest area 

occupying 7.6 million of hectares (IBÁ, 2023).  In 

2022, 182 million m³ of wood was demanded in 

Brazil, for pulp and paper, energy, coal, veneer 

flooring, and furniture (IBÁ, 2023). The states in 

Brazil where Eucalyptus are planted the most are 

Minas Gerais, Mato Grosso do Sul and São Paulo 

(IBÁ, 2023). In Paraná, the genus Pinus is the most 

planted, occupying 713,524 hectares, while the 

genus Eucalyptus is the least planted, occupying 

442,222 hectares (IBÁ, 2023), since it is a cold area 

and the genus Eucalyptus is limited by frost and cold 

winter temperatures. However, Eucalyptus dunnii is 

cold-adapted and suitable for the state (Dobner Jr. et 

al., 2017).  

E. dunnii is native to the states of Queensland 

and New South Wales, in Australia, where the 

average temperature is 16 to 19 ºC, and precipitation 

ranges from 900 to 1,600 mm and the climate is 

classified as Cfa, with small Cfb and Cwb (Flores, 

2016). E dunnii is grows fast, is frost-resistant, and 

yields even stands (Dobner Jr et al., 2017). Its wood 

is suitable for pulp and paper, veneer, coal, and 

furniture. Its Mean Annual Increment (MAI) ranges 

from 30 to 80 m³ ha year-1, depending on several 

factors, such as genetics, spacing, and management 

(Glencross et al., 2011). Its wood presents average 

resistance and specific density of 500 Kg m-3 (Flores, 

2016). The species can sprout and originate stands 

from coppicing, which is characterized by the 

emergence of sprouts from the stump and or roots, 

after the tree is cut (Freitag, 2013). Stands produced 

out of coppicing tend to be cheaper than stands 

produced from seedlings, known as high forest 

(Rocha et al., 2015).  

To assess yield and economic viability of 

forests resulted from coppicing and high forest 

submitted to thinning, it is necessary to obtain 

biometric information from the stands. It is done by 

forest inventories, which quantifies and qualifies the 

natural resources existing in an area by applying the 

sampling theory (Comas and Mateu, 2014). In small 

areas, the inventory can be made by collecting data 

from all trees, which is referred to as census. From 

this data, models are fit into equations to estimate 

tree height (Ferraz Filho et al. 2018), volume 

(Oliveira et al. 2018) and taper (Scolforo et al., 

2018). 

As it is relatively difficult and time 

consuming to measure tree heights. A common 

practice is to measure d of all trees and a certain 

number of sample trees for height. Due to the high 

correlation between diameter and height, 

hypsometric models are fitted and used to predict the 

missing tree heights (Freitas et al., 2020). 

From taper models assortments are estimated 

(Costa et al. 2016). The literature has some studies 

where taper models were fit, which can be used in 

similar circumstances. For example, the book 

“Compendium of volume and taper equations of 

planted and native forest species for Brazil” contain 

several volume and taper equations fitted for forests 

at several parts of Brazil (Figueiredo Filho et al., 

2014). Therefore, these equations can be used to 

some extend to assess how silvicultural activities are 

affecting the forest. 

To better conduct a stand, specific 

silvicultural activities are prescribed over the 

rotation. Thinning is one of them. When thinning a 

stand, trees are removed, which reduces competition 

for water, light and nutrients (Burkhart; Tomé, 

2012). Thinning is affected by basically two factors: 

intensity and method. Intensity means how much the 

basal area is removed, and the method relates to how 

these trees removed will be selected (Weiskittel et 

al., 2011; Retslaff et al., 2012; Possato et al., 2016; 

Dobner Jr and Quadros, 2019). 

To assess the effect of silvicultural 

prescriptions, such as thinning, stand attributes such 

as wood stock and assortments need to be precisely 

quantified, since they are crucial elements for 

economic analysis, along with market prices 

(Miranda, 2016). The economic aspects assessed in 

this study were Periodic Equivalent Value (PEV), 

Net Present Value (NPV), and Internal Return Rate 

(IRR). PEV means the periodic payments yielded 

from the project made over the rotation. It is useful 

to compare projects with different durations. NPV is 

the difference between revenues and cash outflows 

over the rotation in present values. IRR is how much 

return the project yields. If it is higher than the 

interest ratio, the project is profitable. Economic 

analysis are crucial for supporting management 

decisions, such as determining ideal rotation, 

spacing, species, fertilizing, thinning intensity and 

timing (Lopes, 2012). This study aimed to assess the 

economic feasibility of different management 

regimes for E. dunnii and to compare volumetric 

yield and number of logs produced by assortments 

classes. 

 

Material and Methods 
This study was performed in Fernandes 

Pinheiro, Paraná, Brazil. The climate is Cfb 

according to Koppen-Geiger classification, with 

average temperature as 17.7 °C, and precipitation of 

1.463 mm (Alvares et al., 2013). Soil is red yellow 

podzol cambissoil (Ferronato, 2012). The E. dunnii 

forest is 2.26 ha, composed by three stands, 

henceforward referred as stratum A, B and C. 

Stratum A is 0.88 ha originated from coppicing 8 

years ago. Stratum B is 0.65 ha, originated from 

seedlings planted 9 years ago, submitted to two 

thinning operations. Stratum C is 0.73 ha originated 

from seedlings planted 7 years ago, submitted to one 

thinning operation (Table 1). Data was collected 

through a census in the area. All diameter at breast 
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height (d) were measured, using a metric tape. The 

total height (h) of 110 trees (40, 30 and 40 from 

stratum A, B and C, respectively) were measured. 

The total height of not-measured trees were 

estimated using a hypsometric equation, after three 

models were tested (Table 2). 

 

Table 1. Stratus A, B and C for an Eucalyptus dunnii stands in Fernandes Pinheiro, Paraná state, Brazil. 

Stratum 
Area 

(ha) 

Age 

(year) 
Management 

Spacing 

(m) 

Thinning 

(%) 

Age at thinning 

(year) 

A 0.88 8 Coppice 2.0 x 1.5 - - 

B 0.65 9 
High forest  

(2 thinnings) 
2.5 x 2.5 20% + 20% 

 

3 and 6 

 

C 0.73 7 
High forest 

(1 thinning) 
2.5 x 2.5 35% 

 

5 

 

Table 2. Hipsometric models tested for the Eucalyptus dunnii stands in Fernandes Pinheiro, Paraná state, Brazil. 

Model Description Reference 

1 ln ℎ = 𝛽0 + 𝛽1 ln(𝑑) +  𝜀𝑖 Stoffels (1955) 

2 ln ℎ =  𝛽0 + 𝛽1(𝑑−1) +  𝜀𝑖 Curtis (1967) 

3 ℎ =  𝛽0 + 𝛽1 ln(𝑑) +  𝜀𝑖 Henriksen (1950) 

d = diameter at breast height (cm); h = tree total height (m); 𝛽𝑖′𝑠 = coefficients; ln = natural logarithm. 

 

To select the best hypsometric equation, 

adjusted coefficient of determination (R²aj.) (1), 

standard deviation (Syx%) (2), and residual 

dispersion graphics were assessed.  

 

Raj.
2 = 1 − R2 × (

n−1

n−p
)             (1) 

Syx% =  
Syx

h̅
∗ 100                       (2) 

 

Where: R² is the coefficient of determination 

calculated from R2 = 1 −
SQres

SQtot
 ; SQres is the sum of 

the residuals squared from the analysis of variance; 

SQtot is the total sum of squares from analysis of 

variance; n is the number of observed data; p is the 

number of parameters from the model; Syx is the 

residual error obtained from Syx =  √
∑(h0−he)2

n−p
; h0 is 

the observed height (m); he is the estimated height; 

h̅ is the average total height (m). 

To estimate taper, the fifth-degree 

polynomial (Schöepfer, 1966) was used (3), as in 

Felde (2010), who also fitted the model for an E. 

dunnii stand, also described in Figueiredo et al. 

(2014): 

 
di

d
=  1,12536 −  3,11076 (

hi

h
) +

10,94487 (
hi

h
)

2

 −  20,97802 (
hi

h
)

3

+

17,13939 (
hi

h
)

4

−  5,12465 (
hi

h
)

5

                         (3) 

  

Where: d = diameter at breast height (cm); h = tree 

total height (m);  𝑑𝑖  = diameter at height hi (cm); ℎ𝑖 = 

a height over the stem (m). 

 

The assortments classes were set as in Table 

3. Sawmill 2 class correspond to furniture use. 

Sawmill 1 class is wood used for construction and 

low-grade furniture. Energy class means coal and 

biomass for burning.  

 

Table 3. Assortments for Eucalyptus dunnii according to diameter class considered in this study 

Diameter Class Use Price (R$ m-3) 

≥ 25 cm Sawmill 2* R$ 105,00 

15 to 24.99 cm Sawmill 1** R$ 58,50 

4 to 14.99 cm Energy*** R$ 42,00 

* For furniture and processed wood - sawn wood, OSB (oriented strand board), compensated. 

** Used for civil construction (beam, columns) and low-level furniture. 

***For energy – biomass and coal. 

 

Using volume yield by assortment class, an 

economic analysis was made as in Rezende and 

Oliveira (2008). Implementation cost of each 

stratum was retrieved (Table 4). Costs and 

commercialization values of the wood were obtained 

through personal communication provided by the 



 
Fillus et al. 2024 

Adv. For. Sci, Cuiabá, v.11, n.2, p. 2191-2199, 2024 2194 

 

owner. The software Planin Dunnii was used for the 

analysis (EMBRAPA, 1995).

 

Table 4. Costs e revenues for each stratum over the years for Eucalyptus dunnii Maiden stands in Fernandes 

Pinheiro, Paraná state, Brazil. 

Year Operation 
Costs and Revenues (R$ ha-1) 

Stratum A Stratum B Stratum C 

0 Soil preparation, ant control (pre- and post-

planting), mowing, herbicide application 
R$ 245,62 R$ 3,447.55 R$ 3,447.55 

1 Replanting, topdressing fertilization, and ant 

control 
R$ 2.332,93 R$ 1,603.99 R$ 1,603.99 

2 Mowing, herbicide application, and ant 

control 
R$ 576,98 R$ 249.70 R$ 249.70 

3 Maintenance costs and ant control R$ 481,41 R$ 247.16 R$ 247.16 

4 Maintenance costs and ant control R$ 109,22 R$ 109.22 R$ 109.22 

5 Maintenance costs and ant control R$ 109,22 R$ 109.22 R$ 109.22 

6 Maintenance costs and ant control R$ 109,22 R$ 109.22 R$ 109.22 

7 Maintenance costs and ant control R$ 109,22 R$ 109.22 Revenue  (R$ 20,168.23) 

8 Maintenance costs and ant control Revenue (R$ 8,694.93) R$ 109.22 - 

9 Revenue - (R$ 27,054.41) - 

Costs and services were resumed; stratum A (coppicing, 8-year-old); stratum B (9-year-old high forest, 2 thinning); 

stratum C (7-year-old heigh forest, 1 thinning). The revenues are presented in parentheses.

 

For the economic analysis comparing the tree 

management regimes, periodic equivalent value 

(PEV) (5), and intern return ratio (IRR) (6) were 

used, as in Rezende and Oliveira (2008): 

 

𝑁𝑃𝑉 =  ∑ 𝑅𝑗 (1 + 𝑖)−𝑗 − ∑ 𝐶𝑗 (1 + 𝑖)−𝑗𝑛
𝑗=0

𝑛
𝑗=0    (4) 

 

𝐸𝑃𝑉 =  𝑁𝑃𝑉
(1+𝑖)𝑡−1

1−(1+𝑖)−𝑛𝑡          (5) 

∑ 𝑅𝑗  (1 + 𝐼𝑅𝑅)−𝑗 = ∑ 𝐶𝑗 (1 + 𝐼𝑅𝑅)−𝑗𝑛
𝑗=0

𝑛
𝑗=0       (6) 

 

Where EPV is periodic equivalent value; NPV is Net 

Present Value; i is interest rate, considered 8% in this 

study; n is duration of the project in years; IRR is 

internal return rate; Rj is the income in the year j; Cj 

is the cost in the year j. 

 

Results 

The hypsometric equations were fit, resulting 

in significant coefficients (β0 and β1) with 95% of 

confidence. Table 5 shows the coefficients, R²aj. and 

Syx (%) statistics for each equation fit.

 

Table 5. Coefficients for the Stoffles, Curtis and Henriksen equations, R²aj and Syx (%) statistics for Eucalyptus 

dunnii Maiden stands in Fernandes Pinheiro, Paraná state, Brazil. 

Tested models 𝜷𝟎 𝜷𝟏 R²aj. Syx (%) 

Stoffels 0.5416 0.8301 0.5912 15.88 

Curtis  3.9555 -17.86 0.5815  16.06 

Henricksen -37.48 19.667 0.5938 15.82 

β0; β1 = coefficients; R²aj. = adjusted coefficient of determination; Syx (%) = standard error of the estimate in 

percentage. 

 

Adjustments of the equations were similar 

according to R²aj. e Syx (%). To analyse better the fit, 

dispersion graphics were analysed (Figure 1). 

Henriksen equation was selected. 
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Figure 1. Residual dispersal charts for heights estimates using Stoffels, Curtis and Henriksen equations for 

Eucalyptus dunnii Maiden stands in Fernandes Pinheiro, Paraná state, Brazil. 

 

Assortments in m³ (Figure 2) and the number 

of logs (Figure 3) on each assortment class were 

assessed for each stratum. Stratum B yielded the 

largest volume in sawmill 2 class, which is the one 

with greatest economic value. Besides, stratum B 

yielded the greatest volume per hectare. Stratum A 

yielded more logs, for energy, which has the lowest 

economic value. Stratum B resulted in greatest 

economic feasibility (Table 6).

 

 
Figure 2. Estimated volume for each assortment class (m³ ha-1) for Eucalyptus dunnii Maiden stands in Fernandes 

Pinheiro, Paraná state, Brazil. 
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Figure 3. Number of logs for each assortment class for Eucalyptus dunnii MAIDEN stands in Fernandes Pinheiro, 

Paraná state, Brazil. 

 

PEV for stratum A, B and C were R$196.16, 

R$1,255.79, and R$1,191.05 ha year-1, respectively. 

IRR for stratum A, B and C were 12.73%, 19.87% 

and 21.35%, respectively (Table 6). 

 

 

Table 6. EPV (equivalent periodic value) and IRR (internal return rate) for Eucalyptus dunnii Maiden stands in 

Fernandes Pinheiro, Paraná state, Brazil. 

Stratum EPV (R$ ha year-1) IRR (%) 

A 196.16 12.73 

B 1,255.79 19.87 

C 1,191.05 21.35 

Stratum (A) (coppicing), Stratum B (9-year-old high forest, 2 thinnings); Stratum C (7-year-old high forest, 

1thinning); PEV (periodic equivalent value); IRR (internal return rate). 

 

Discussion 
In the forest sector it is common to apply 

hypsometric equations instead of measuring all tree 

heights, which saves money and time on forest 

inventory campaigns. For eucalyptus plantations in 

Brazil, Stoffels, Curtis and Henriksen model are 

commonly used (Sousa et al., 2013; Santos et al., 

2014; Souza et al., 2017). In this study, R²aj. was 

0.5912, 0.5815 and 0.5938 for the Stoffels, Curtis 

and Henriksen models, respectively. Normally the 

R² aj. in hypsometric models is not higher than 0.80, 

because the correlation between height and diameter 

is not so strong as the correlation between diameter 

and volume (Freitas et al., 2020; Nicoletti et al., 

2020). This suggests that changes in tree height are 

closely related to changes in stand variability over 

time (Chaves, 2013). Correlation between height and 

diameter weakens over time due to factors such as 

stand age, planting density, and site index. As trees 

in a stand continue to grow in diameter, their height 

tends to reach a plateau (Machado; Figueiredo Filho, 

2014; Oliveira, 2020). Souza et al. (2017) assessed 
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hypsometric fitting for 8-year-old E. urophylla and 

E. grandis stands in Pacajá, Pará, Brazil, and found 

R²aj. values slightly higher than the values found on 

this study: 0.62, 0.66 and 0.61 for Stoffels, Curtis 

and Henriksen models. On the other hand, Sousa et 

al. (2013) studied hypsometric equations for 5-year-

old E. urophylla stands from coppicing and seedlings 

in Vitória da Conquista, Bahia, Brazil, and obtained 

same R²aj for Stoffels, Curtis and Henriksen models, 

0.43, lower values than the values found in this 

study. Regarding Syx (%), values were lower than 9% 

for the three models. Souza et al. (2017) studied 

plantations grown from coppicing and observed 

lower R²aj for the model of Henriksen (0.18) and 

similar values for the Curtis (0.55) and the Stoffels 

(0.56) models. Syx (%) was 5.5% for the three 

models, lower than the values obtained in this study. 

By analysing hypsometric relationships 

yielded from forests developed from coppicing, it is 

possible to concluded that hypsometric relationships 

tend to be less precise than hypsometric relationship 

from heigh forest stands, meaning that there is a 

large variation in tree height according to same 

diameter in stands produced from coppicing. 

The spacing 2.0 x 1.5 m resulted in lower tree 

volume due to higher competition for water, light 

and nutrients (Burkhart e Tomé, 2012). In this 

research, Stratum A yielded low tree volume due to 

high competition, as well due to lower survival and 

site index. 

Lower density spacings (less trees per 

hectare), such as 2.5 x 2.5 m yielded larger tree 

diameter and consequently larger tree volume 

(Rodrigues, 2017). Tree volume is an important 

variable because larger logs are more valuable in the 

market than small logs. Stratum B and C yielded 

more valuable logs than stratum A.  

Thinned stands tend to yield greater tree 

volume than non-thinned stands due to greater living 

space available for each tree. Besides reducing 

competition, thinning is used as a means of 

promoting financing gains for the land owner before 

the rotation end. It contributes to creating income 

from wood before the end of the rotation and results 

in larger and more valuable logs at the end of the 

rotation (Paiva et al., 2016). 

Beyond volume yield, thinning can affect 

wood chemical composition. For example, Zanuncio 

et al. (2013) assessed the chemical composition of 

Eucalyptus urophylla x grandis wood produced 

under different spacings and found that more dense 

stands yielded wood with greater energy power. 

Defining the goal of the forest is crucial before 

deciding the silvicultural operations that will take 

place in the forest, including deciding if the forest 

will or not be thinned, when that will occur and 

thinning intensity (David et al., 2017).   

Stratum A yielded greater number of logs 

most suitable for energy (or pulp and paper, burning, 

and coal), which has lower market value. Thinning 

promoted an increase in the number of more valuable 

logs in strata B and C. Stratum C provided a greater 

number of logs in the sawmill 1 and energy 

assortment classes, and stratum B presented a greater 

number of sawmill 2 logs.  

Regarding volume per hectare, stratum A 

yielded lowest volume in all assortment classes. 

Stratum B yielded lower number of logs, except in 

the sawmill 2 class. Stratum C produced more 

volume on the sawmill 1 and energy classes 

compared to other strata. Serpe et al. (2018) analysed 

assortments and economic feasibility and indicated 

that producing logs for energy compared to 

producing logs for sawmill is less profitable due to 

the multiuse sawmill logs provide (Costa et al., 2016; 

Serpe et al., 2018). By optimizing forest assortments 

to its best value, the company maximizes profit in 

opposition of using wood suitable for sawmill for 

less noble uses for example, energy. Besides, 

stratifying wood products into assortment classes 

makes the business less vulnerable to market 

fluctuations, since a forest can yield many products. 

Strata B and C promoted better distribution of 

commercial volumes across different assortment 

classes, which means less risk for the landowner and 

more flexibility to sell its wood. This is specially 

important nowadays, givenm the fact that using 

wood for energy to replace fossil fuel sources have 

been largely debated in developed countries, for 

example in England at the Drax Group. On the other 

hand, Stratum A specially produced logs for energy 

assortment class. 

Since the stratum A, B and C has different 

ages, EPV and IRR analysis were used. EPV was R$ 

196,16 ha year-1, R$ 1.255,79 ha year-1 and R$ 

1.191,05 ha year-1 for the stratum A, B and C, 

respectively. Strata B and C presented similar values 

in EPV, which may be explained by the method of 

implementation, since, they where implemented 

from seedlings instead of sprouting. IRR for the 

stratum A, B and C were 12,73%, 19,87% and 

21,35%, respectively. When IRR is superior than the 

interest rate (8%), the project is feasible (Rezende; 

Oliveira, 2008). Furthermore, Stratum C yielded 

greater IRR compared to the other Strata, even in 

shorter rotation. Stratum A and B age’s were 8 and 9 

years, respectively. The greater the IRR, the more 

profitable the project is, since IRR makes the period 

of the project even, and allow analysing how much a 

project is more feasible than the other (Pedroso Filho 

et al., 2018).  Stratum C resulted in greater IRR due 

to low thinning intensity, which costs money and due 

to more valuable logs at the evaluated age. In this 

research, as the investment costs for strata B and C 

were the same, the highest IRR represented the best 

project. On the other hand, Vitale and Miranda 

(2010) assessed a 17-year-old E. dunnii stand in 
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Parana, Brazil, and found EPV and IRR of R$ 

3.832,55 ha year-1 and 35,83%. These values are 

affected by wood cost, supplies, wood quality at 

thinning, thinning intensity and timing, climate and 

market, among others. 

 

Conclusions 
Economic analysis showed that high forest 

and thinning regimes promoted higher volume per 

hectare and volume per tree, when compared to 

coppicing regime. Regimes with one thinning 

promoted even distribution of volume across all 

assortment classes, which is beneficial for 

diversifying risk obtaining multiple products. Two 

thinning’s are recommended when the interest is to 

obtain wood with larger diameters logs for sawmill.  

Coppice regime is recommended for energy 

production. In this study, stratum C was considered 

the best economic management alternative. 
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