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ABSTRACT

Wood transport, predominantly made by road in Brazil, represents one of the most costly segments 
of this sector. Depreciation, one of the fixed costs in forestry production, is included in the use and 
replacement of machines. Their depreciation is calculated by different methods and the best ones 
should be used to improve costs in wood industry. The objective of this study was to evaluate the 
influence of four depreciation methods on the cost of forest road transportation. The depreciation 
methods used were: Caires, Cole, Exponential and Linear. The depreciation and transportation costs 
were determined using the freight cost simulation spreadsheet for the Road Transportation of Loads, 
developed by the Agência Nacional de Transportes Terrestres (ANTT). The monthly depreciation of the 
truck was R$ 1,630.25, R$ 2,276.64, R$ 2,400.96 and R$ 2,422.40 with the Caires, Exponential, Linear and 
Cole methods, respectively. The lowest transport cost was R$ 13.71 with the Caires method, followed by 
R$ 13.72, R$ 16.72 and R$ 16.92 from the Linear, Cole and Exponential methods, respectively. The lower 
values of depreciation and transport cost per ton obtained by the Caires method are due to this method 
considering factors other than the current age and the useful life of the machine and adjusting the 
model and the coefficients of use for specific situations. This portrays the situations found in the field, 
generating costs closer to the real ones. The best estimation of the depreciation and wood transport 
cost was obtained with the Caires method in all the studied situations, evidencing the need to consider 
maintenance and labor factors in its calculation.  The adoption of this method also represents a great 
saving of financial resources in the long term.
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RESUMO

O transporte de madeira no Brasil, predominantemente rodoviário, representa um dos segmentos mais 
onerosos do setor. A depreciação, um dos custos fixos na produção florestal, é incluída na utilização 
e substituição de máquinas. Essa depreciação pode ser calculada por meio de diferentes métodos, e 
os melhores devem ser utilizados para aperfeiçoar os custos nessa área. O objetivo deste estudo foi 
avaliar a depreciação de um caminhão e o custo de transporte rodoviário florestal, usando quatro 
métodos de análise: Caires, Cole, Exponencial e Linear. Os custos de depreciação e de transporte foram 
determinados utilizando a planilha de simulação de custos de frete para o Transporte Rodoviário de 
Cargas, desenvolvida pela Agência Nacional de Transportes Terrestres (ANTT). Constatou-se que a 
depreciação mensal do caminhão foi de R$ 1.630,25, R$ 2.276,64, R$ 2.400,96 e R$ 2.422,40, calculada 
pelos métodos de Caires, Exponencial, Linear e de Cole, respectivamente. O menor custo de transporte 
foi de R$ 13,71, obtido pelo método de Caires, seguido de R$ 13,72, R$ 16,72 e R$ 16,92, obtidos pelos 
métodos Linear, Cole e Exponencial, respectivamente. Os menores valores de depreciação e custo de 
transporte por tonelada obtidos pelo método de Caires se devem ao fato de esse método considerar 
outras variáveis, além da idade atual e da vida útil da máquina, e ajustar o modelo e os coeficientes de 
utilização para situações específicas. Isso retrata as condições encontradas em campo, portanto gera 
custos próximos aos reais. A estimativa da depreciação de transporte florestal foi melhor pelo método 
de Caires, em todas as situações estudadas, o que evidencia a necessidade de considerar fatores de 
manutenção e trabalho no cálculo da depreciação. A adoção desse método também representa grande 
economia de recursos financeiros no longo prazo.

Palavras-chave: Custo fixo; Depreciação linear; Método de Caires; Transporte florestal

1 INTRODUCTION

Wood transport in Brazil is predominantly made by road and is one of the stages 

with the highest logistic cost (Alves et al., 2013), evidencing the importance of evaluating 

costs and factors that affect it (GUIMARÃES et al., 2016).

Fixed costs are related to the use of machinery and the variables depend on its use 

intensity (PIACENTINI et al., 2012). Machine depreciation is an item that most influences the 

final costs (SILVA et al., 2014) representing a fixed cost in forest production (JASPER; SILVA, 

2013). Depreciation costs arise from machine wear through use, nature action or normal 

obsolescence (FREITAS et al., 2007).

Depreciation rates are factors that strongly influence the variation in hourly costs 

for machinery assemblies (BAIO et al., 2004). The diversity of methods to calculate the 

depreciation of forest machinery and equipment requires selecting the best ones, due 
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to the different depreciation forms of a machine or equipment (FREITAS et al., 2007). The 

most used depreciation models in the forestry sector include only the values of acquisition, 

resale and the useful life of the vehicle. Caires method has increased its use in the forest 

scenario by considering factors of use and maintenance of the machines (SILVA et al., 2009).  

The Caires method approximates a curve that determines the depreciated value 

over the useful life of the machine as a function of the age of the good (t), the maintenance 

practices (μ), the working regime (τ) and the expected useful life (η) (SILVA et al., 2009). This 

method has great applicability in the evaluation of machines and equipment, being based 

on market data and, therefore, with a wide scope of application (BENVENHO; SABINO, 2013). 

The Linear method, used in several market sectors, uses fixed depreciation quotas per year 

of machine life (OLIVEIRA; MILAN, 2001). The Exponential method, also called the Matheson 

one, is based on a falling rate of depreciation on the residual value of the period observed 

in the previous year. The Cole, or series, method establishes the empirical depreciation 

per n time period (OLIVEIRA, 2003). The need to define a residual arbitrary value is difficult 

when using the three latter methods to design depreciation and transport costs. 

The objective of this study was to evaluate the influence of four depreciation methods 

on the cost of forest road transportation.

2 MATERIAL AND METHODS

2.1 Technical aspects

The vehicle studied was a load composition vehicle (VLC) with a 6x4 traction and 

three tandem semi-trailers, called forest tritrem, with an acquisition value of R$300,000.00.

The monthly depreciation and the transportation cost of wood were calculated 

with a freight cost simulator for the Transporte Rodoviário de Cargas – TRC (ANTT, 2015). 

This simulator uses the vehicle’s acquisition, resale values, useful life, average monthly 

mileage, payload capacity and the average distance between loading and unloading as 

inputs.
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The average forest transport distance and payload capacity considered were 100 

km and 54 tonnes, respectively.

Seven situations were based on the km traveled per month and years of the truck’s 

useful life. The km traveled per month was based on the average monthly mileage in 

the wood transport of forestry companies. The variation between 5,000 and 20,000 km 

traveled monthly was determined (Table 1) to ensure the representativeness that these 

activities developed in the sector.

Table 1 – Average monthly mileage in km according to the machine useful life, in years, 

for each studied situation

Situation A B C D E F G
UL 2.08 2.38 2.78 3.33 4.17 5.56 8.33

KM/M 20000 17500 15000 12500 10000 7500 5000

Source: Authors (2018)

In where: UL = useful machine life; KM/M = average monthly mileage.

The useful truck life was defined based on the premise that a forest trithrem 

travels 500,000 km, average of the Brazilian forest scenario, during the useful life of 

the truck.

2.2 Calculation of depreciation coefficients and resale value

The depreciation coefficients were calculated based on the truck’s useful life 

and monthly mileage per situation. The resale value of the machine, to be inserted in 

the TRC simulator (1.0 version), was calculated with these coefficients.

The coefficients of depreciation by the Cole, Exponential and Linear methods 

were calculated with the Equations (1), (2), and (3).

Dp = 2(Vo – Vr) / n(n+1)        (1)

DA = 1 – (Vr / Va)
1/n         (2)

D = (Va – Vr) / n         (3)

In where: D, DA and Dp: depreciation (R$/year); Va: acquisition value (R$); Vr: resale value 
(R$) and n: useful life (years) (OLIVEIRA 2000; IBAPE 2007).
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The resale values were established using the Linear, Exponential and Cole 

methods considering a distribution range of arbitrary values of depreciation by use 

situation and truck life (Table 2). This represents the variability in use of different 

depreciation rates of forest machines.

Table 2 – Useful life in years, arbitrary depreciation value and truck resale value in 

R$, obtained with the Linear, Exponential and Cole methods, in R$, for each studied 

situation

Situation UL ADV RVL RVE RVCo

A 2.08
70% 210000 47205.10 58378.38

80% 240000 30471.65 38918.92

B 2.38
60% 180000 57927.88 70985.92

70% 210000 41736.86 53239.44

C 2.78
50% 150000 66250.63 79411.76

60% 180000 50393.61 63529.41

D 3.33
40% 120000 72102.66 83076.92

50% 150000 56324.28 69230.77

E 4.17
30% 90000 75285.88 81290.32

40% 120000 59222.64 69677.42

F 5.56
20% 60000 75453.31 73220.34

30% 90000 58452.20 64067.80

G 8.33
10% 30000 72426.73 57857.14

20% 60000 52688.19 51428.57

Fonte: Authors (2018)

In where: UL = useful machine life; ADV = arbitrary depreciation value; RVL = truck resale value 
obtained with the Linear method; RVE =truck resale value obtained with the Exponential method; 
RVCo = truck resale value obtained with the Cole method.

The depreciation coefficients and resale values, obtained by the Caires method, 

were calculated by extrapolation of those predefined by the Instituto Brasileiro de 

Avaliações e Perícias de Engenharia – IBAPE (Table 3).

The values of depreciation and transport cost per woodton were generated with 

the outputs of the TRC simulator.
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Table 3 – Useful life in years, depreciation coefficient and resale truck value in R$ 

obtained by the Caires method, in R$, for each studied situation

Situation A B C D E F G
UL 2.08 2.38 2.78 3.33 4.17 5.56 8.33

DC 0.795 0.777 0.753 0.720 0.670 0.592 0.457

RVCa 238560 233160 225960 216060 200940 177600 137040

Fonte: Authors (2018)

In where: UL = useful machine life; DC = depreciation coefficient; RVCa = truck resale value obtained 
with the Caires method.

3 RESULTS AND DISCUSSION

The lowest monthly depreciation value was obtained by the Caires method 

(R$ 1,630.25), followed by the Exponential, Linear and Cole methods (R$ 2,276.64, R$ 

2,400.96 and R$ 2,422.40, respectively) (Table 4). Depreciation was lower in situation 

G, corresponding to the longest truck’s useful life (Figure 1).

Depreciation is one of the fixed costs that reduce the value and efficiency of 

machines in wood transport (ANDERSSON et al., 2015). Higher transport distances 

lead to more active transport and faster operational speed, reducing costs per ton of 

transported wood (GUIMARÃES et al., 2016).

The lower depreciation value estimated with the Caires method highlights its 

potential use in realistic conditions than the others methods, because it considers 

other factors besides the current age and the useful life of the machine and to adjust 

the model and the coefficients of use for specific situations. This represents more 

representative depreciation costs found in field situations, generating more real costs 

(BENVENHO; SABINO, 2013). Low depreciation values with the four methods were 

associated with the longest useful life of 8.33 years. Depreciation represents the 

truck’s value over its useful life, and its value is lower when higher useful life rates are 

adopted (VIANA et al., 2013).
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Table 4 – Arbitrary depreciation value, depreciation by Linear, Exponential, Cole and 

Caires methods, in R$/month, and cost of transport by Linear, Exponential, Cole and 

Caires methods, in R$/ton, for each studied situation

Sit. ADV DL DE DCo DCa CTL CTE CTCo CTCa

A
70% 3605.77 10128.00 9680.35

2340.54
14.31 17.70 17.47

13.71
80% 2403.85 10798.41 10459.98 13.72 17.20 17.88

B
60% 4201.68 8475.91 8018.70

2340.34
14.99 17.20 16.96

14.03
70% 3151.26 9042.83 8640.08 14.45 17.49 17.28

C
50% 4496.40 7006.88 6612.36

2219.42
15.64 16.92 16.72

14.48
60% 3597.12 7482.21 7088.45 15.19 17.16 16.96

D
40% 4504.50 5703.14 5428.51

2100.60
16.35 16.95 16.81

15.15
50% 3753.75 6097.99 5775.01 15.97 17.14 16.98

E
30% 4196.64 4490.69 4370.70

1979.62
17.25 17.39 17.33

16.17
40% 3597.12 4811.70 4602.77 16.95 17.55 17.44

F
20% 3597.12 3365.51 3398.98

1834.53
18.72 18.62 18.63

17.91
30% 3147.48 3620.32 3536.15 18.52 18.73 18.69

G
10% 2701.08 2276.64 2422.40

1630.25
21.89 21.71 21.77

21.44
20% 2400.96 2474.11 2486.71 21.76 21.79 21.80

Source: Authors (2018)

In where: Sit. = situations studied; ADV = arbitrary depreciation value; DL = depreciation by Linear 
method; DE = depreciation by Exponential method; DCo = depreciation by Cole method; DCa = 
depreciation by Caires method; CTL = cost of transport by Linear method; CTE = cost of transport 
by Exponential method; CTCo = cost of transport by Cole method; CTCa = cost of transport by Caires 
method.

The Exponential, Caires and Cole methods showed a marked decrease in 

depreciation in the initial years of the truck’s useful life. The linear method presented 

a divergent behavior in relation to the other ones. The Exponential and Cole methods 

showed similar behavior of depreciation over the useful life (Figure 1A).

The Exponential, Caires and Cole methods are non-linear functions that 

normally generate sharp depreciation in the first years of the truck use (MORANDI; 

REIS, 2004). The o Linear method showed a divergent behavior from the other ones 

which was because this function implies a constant reduction in the useful life of the 

vehicle (JASPER; SILVA, 2013). The similar behavior between the Exponential and Cole 

methods evidenced the occurrence of sharp depreciation and consequent devaluation 

in the initial years of the vehicle life (FREITAS et al., 2007).
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The transport costs per wood ton was lower with the Caires method, R$ 13.71, 

followed by the Linear, Cole and Exponential methods, R$ 13.72, R$16.72 and R$ 16.92, 

respectively. The Caires method presents, in all situations, lower transport cost values 

in relation to the other methods (Figure 1B).

Figure1 – Depreciation (R$/month) (A) and transport costs (R$/ton) (B) according to the 

useful life (years) for each studied methodology

Source: Authors (2020)
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The lowest transport costs per wood ton, in all situations (Table 1), were obtained 

with the Caires method, because this method details the calculation of transport costs 

using maintenance and labor factors (SILVA et al, 2009). The difference of R$0.01 per 

ton between the Caires and Linear methods, which is apparently small, represents 

annual savings of thousands of Reais, when we consider the large volumes of wood 

transported annually by pulp and paper companies.

Depreciation is directly related to the increase in opportunity costs for a company, 

since the capital allocated to this fixed cost is no longer used in other investments. 

(ZHANG et al., 2020).Thus, the savings generated by the appropriate choice of the best 

depreciation method indirectly represent the availability of financial resources for 

other areas of the companies. Studies developed by Kim et al. (2016) also showed that 

the use of the linear and series methods is only rational when the equipment has a 

short useful life, since these methods disregard, among other factors, the time value 

of the currency.

Transport costs per payload increased with the reduction of monthly mileage in 

the four methods studied. Transport costs decreased as the truck’s monthly distance 

increased (Table 4).

The cost reduction per wood ton with the increase in the distance traveled 

demonstrates the dependence of the distance between the forest location and the 

consumption place and the performance of the transport trips (SILVA et al., 2016). 

Driving distance can significantly influence the composition of road transportation costs 

(GUIMARÃES et al., 2016). Lower monthly distances are related to lower production 

levels, generating little significant savings in cost composition (WANKE; FLEURY, 2006).

4 CONCLUSION

The depreciation and the wood transport costs were smaller by the Caires method 

in all the studied situations. The Linear method, commonly used by forest transport 

service providers, was inefficient in obtaining depreciation and transportation costs 

because it did not present the lowest values found. The Caires method, which details 
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the calculation of transport costs using maintenance and labor factors, was the most 

suitable for the calculation of depreciation and generated more real transport costs, 

also representing a great saving of financial resources in the long term. 
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