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Abstract 

 

Entrepreneurs seeking investment opportunities in the forest sector have few alternatives to 

determine the performance of the forest plantation, the Capital Asset Pricing Model (CAPM) 

is mostly used. Most of the empirical studies on forest assets where the economic returns was 

estimated through the application of CAPM were carried out under the reality of the Northern 

hemisphere, mainly in companies listed on the stock exchange. Chilean literature is scarce in 

the application of CAPM in forest assets. In this study, the ex-post revenue of a P. radiata 

plantation during the period 1995-2011 by a non-industrial owner was analyzed by means of 

the CAPM model. The stumpage price was considered as an asset, the Selective Stock Price 

Index (IPSA) as the market rate of return and the monetary policy rate by the Chilean Central 

Bank ass risk-free. It was found that the annual yield of the investment reached 18.67 %, 

which reflects the estimated cost of capital opportunity for this crop in this specific site. It was 

concluded that the return of the forest plantation of this investment exceeds the market, with a 

low systematic risk.  
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1. Introduction 

 

The growing interest –in recent years- from private investors to allocate economic 

resources in the establishment of forest plantations has created the need if improving the 

analysis of the financial outcome in this sector. Entrepreneurs seeking investment 

opportunities in the forest sector have scarce alternatives to determine the yield of a forest 
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plantation. In general, investment projects must be assessed with a specific discount rate for 

its risk conditions, and a specific cost of capital should be determined. However, modern 

literature on forest finance not provides efficient tools for determining the yield rate. Among 

them, the Capital Asset Pricing Model (CAPM) is mainly used (Sharpe, 1964). 

CAPM was introduced by (Sharpe, 1964) for the analysis of systematic risk. Thus, the 

foundation of CAPM is the reduction of the risk by means of the diversification. When two 

active returns are not perfectly correlated in a portfolio, this will make that its variability is 

lower than the sum of the individual variability. Thus, a company can be seen as a big 

portfolio of projects, where the risk associated to the own project and the prize that the 

investment expects to receive from the fact of incorporating this project into the portfolio is 

determined by the marginal contribution this has in the overall risk of the portfolio. However, 

investors will not seek to diversify with the portfolio of project within the firm, but they will 

prefer to do so in the Financial Market. Then, this principle allows applying the CAPM 

method as a generalization to determine the discount rate adjusted by risk in order to perform 

the economic evaluation of projects at enterprise level (Fama, 1977). 

Forest investments have not been outside the use of this method. Nevertheless, most 

empirical studies on portfolio management of forest assets such as the risk estimation of 

economic returns have been carried out mainly on issues from the northern hemisphere, as 

well as in firms or in sets of firms that trade their shares in the stock market (i.e. Hildebrandt e 

Knoke (2011), , Zhang et al. (2011), Wan et al. (2013). 

National preferences for the application of the CAPM in the evaluation of investments 

in natural resources are still scarce (i.e. Lobos et al. (2001) in a dairy Enterprise, Lobos e 

Muñoz (2005) in apple crop, Morán (2007) in the wine sector and Zúñiga e Soria (2009)). In 

the forest investments, Guerra et al. (2010) in Eucalyptus spp. plantations, (Navarro et al., 

2010) in the management of Drimys winteri (JR Forster et G. Forster), Vallejos et al. (2007), 

Navarrete (2012) and Navarrete e Bustos (2013) in the estimation of the cost of capital by 

growing P. radiata can be also mentioned. 

The study of the economic yield in forest plantations is an important procedure on 

forest management, as it is provides a way to improve the assistance on the decision making 

by forest investors. The lack of studies on the application of the CAPM method was identified 

by the authors of the present article and it is considered as the most important obstacle at the 

time of investing in forest plantations. Therefore, the aim of this study to determine the 

economic yield of P. radiata growing by a non-industrial forest owner during the period 
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1995-2011, using the CAPM. The results of the study will improve the understanding of the 

financial aspects of the investment in forest assets in Chile. 

 

2. Methods 

 

The study was carried out in plantations of P. radiata located in the coastal area of the 

Arauco Province, in the Biobío Region. The calculation of the stumpage price was obtained 

by simulating the development of the stand and product yields, according to the records of the 

sales of the company in the period 1995-2011. Both growth and yield of the most frequent 

products sold by the company was projected by the Simulador Insigne Version 1.4.4.0-2010. 

As a result of the simulation of growth and bucking for the intended site, the table of most 

frequent timber products at 25 year rotation provided was obtained. Thus, the existing volume 

by lowest diameter class of the log and by product type was identified (table 1). 

 

Table 1: Products defined by utilization priority. 

Products 
Length 

(m) 

Lowest utilization diameter 

(cm) 

Pruned log 2.60 > 30 

Pruned log 4.10 > 26 

Pruned log 3.20 > 16 

Saw-timber without pruning 4.10 > 30 

Saw-timber without pruning 3.20 > 22 

Saw-timber without pruning 2.50 > 22 

Pulpwood 2.44 > 8 

Source: Regnans Ltda. 

 

The silvicultural treatment defined to simulation was 1,250 and 400 trees ha
-1

 initial 

and final density of plantation, respectively (table 2). The final calculation of stumpage price 

(STP) was calculated according to equation 1: 

 

  [1] 

 

Where VPi is the volume of the i-nth product of the projection, (m
3
), PPi is the price of 

the i-nth product ($ m
-3

), CHi is the cost of the harvest of the i-nth product ($ m
-3

) and TCi is 

the transportation cost of the i-nth product ($ m
-3

). 
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Table 2: Management treatments used in the study. 

Activity Year 

Characteristic 

(% of the 

crown) 

Density 

(trees ha
-1

) 

Plantation 0  1250 

Thin to waste  4  800 

Pruning 1 4 45 400 

Pruning 2 6 45 400 

Pruning 3 7 45 400 

Commercial thinning 10  400 

Harvest 25  400 

 

The calculation of CAPM indicates that the equilibrium rate on risky assets is a 

function of the covariance with the market portfolio. The measurement of the covariance is 

called Beta assets (  ). The model of financial market commonly used to estimate a β works 

as a simple linear regression between the returns of the asset of interest and the returns of the 

market indices (Copeland et al., 2005). The systematic risk can be eliminated by means of 

diversifying the investments by individuals, so the relevant and non-diversifiable risk is 

systematic. Therefore, the discount rate is that directly obtained from the CAPM model. 

An indirect method to estimate CAPM of the forest business was used, according to 

the method proposed by Washburn e Binkley (1990). As a result, the expected rate of return 

on a forest investment of P. radiata is obtained (equation 2): 

 

  [2] 

 

Where,  is the return on the forest asset,  is the free-risk rate,  is the return on 

the market portfolio and  is the market risk premium. 

The value of the stumpage price ($ m
-3

) was considered as an asset of interest. For the 

market performance an equity index is from the Stock Exchange is usually used. In this 

particular case, the Selective Price Index (IPSA) was used. For the free-risk rate, the 

Monetary Policy Rate by the Chilean Central Bank was taken as an indicator. Beta coefficient 

was calculated by means of the expression . Because expected 

returns cannot be observed, the model must be estimated from ex post data. 
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3. Results 

 

While the main objective of this study was to determine the profitability of a forest 

plantation, the use of residual factors can be of interest in order to estimate the willingness to 

pay for a plantation or for estimating of the stumpage price. By using residual factors for P. 

radiata production, the lowest stumpage price –in prices of December 2011- at 25 years of 

age was $507,169 ha
-1

 in the first quarter of 1995. On the other hand, the maximum price in 

the second quarter of 2006 was $32,686.862 ha
-1

 (figure 1). 

 

 
Figure 1: Changes of the stumpage price into actual values (December 2011 = 100). 

 

Chilean economy is emerging, small and open. The extensive development of the 

Chilean international trade has strongly enhanced with a number of free trade agreements (e.g. 

China, United States, European Union, etc.). However, this opening leaves the country 

vulnerable to international capital flows. Thus, in figure 1 the effect the economic cycles have 

had on the stumpage prices to non-industrial owners can be observed. Among these effects, 

Asian crisis of 1997, the dotcom crisis of 2000, the attack on the twin towers on September 

2001 and finally the subprime crisis of 2008-2009 can be mentioned. 

The average of the prices of Monetary Policies Rates for the period as free-risk rate 

was 4.87 %, the progress of the market portfolio for the same period of analysis was 0.93 %. 

Based on this background, the ex-post expected quarterly profitability of the P. radiata 
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culture, according to equation 2 is: E(Ri)quarterly = 0.0487 + 0.1259 (0.0093 – 0.487), i.e. 

E(Ri)quarterly = 0.0437. Then, the annual yield for the investment was E(Ri)annual = 18.67 %. 

The value reflects the estimated opportunity cost of capital for this crop in this specific site. 

 

4. Discussion 

 

It has been estimated that the biological growth is the most important controller of 

return. This unique feature of the forest site separates it from other types of financial assets, 

such as real estate (Caulfield, 1988). Stumpage prices are the most influential factor of the 

hypothetical value of the forests (Washburn e Binkley, 1989). If it is assumed that the bare 

land and the price of the growing stock follow the trajectory of the process at the middle of 

the harvest, maintenance costs are negligible and the growth of the timber is constant. Then, 

all variation in the crop yield comes from changes in the stumpage price. Even when other 

assumptions are made, changes in the stumpage price usually represent most of the variation 

in the yields (Washburn e Binkley, 1989). 

The application of CAPM to forest assets was based on the change rate in the 

stumpage price at harvesting age. Stumpage prices are reported as the average value of the 

prices observed over one quarter. On the contrary, market prices and free-risk assets are 

presented as instantaneous values. Washburn e Binkley (1990) showed that average prices are 

typically non-biased estimations of the arithmetic mean of the prices of any n regular interval 

within the period. These authors found the procedures for the change rate of the arithmetic 

mean of the value of assets, which are directly applicable to estimate the CAPM for forest 

assets and the return rates of the forest assets. 

In studies carried out by Thomson (1991) it was found that β values of forest 

investments are very small or possibly negative, obtaining a β equal to 0.12. This value is 

coherent with those found in studies on the forest sector. Generally the β value of a forest 

investment project tends to be small, equal to zero or even negative. 

In our country the few studies that use the CAPM method and this method has been 

mainly used to estimate the profitability of forest crops or the cost of capital. Guerra et al. 

(2010) mainly in plantations of Eucalyptus spp. and Navarro et al. (2010) in native forest 

determine in 10 % the profitability of these forest investments without specifying the 

procedure used. The coincidence in the values found for both publications suggests that the 

profitability of industrial plantations is the same than that of managed native forest. Although, 
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Hildebrandt et al. (2010) based on empirical data from pure Nothofagus alpina (Poepp et 

Endl) Oerst stands found an internal return rate of 3.81 %. Other, such a Navarrete (2012) and 

Navarrete e Bustos (2013) estimated the cost of capital of the industrial sector in 10.3 %, they 

used the national historical series of export prices of pulpwood and sawn timber of P. radiata 

between 1985-2007. Finally, Vallejos et al. (2007) used the price of the Chilean Central Bank 

bonuses in UF (BCU) as the free-risk rate and as a profitability hope of the market portfolio 

by the General Share Price Index (IGPA) obtained profitability for P. radiata of 17.43 %, 

closest to value found in this study. 

 

5. Conclusions 

 

It is common in the north hemisphere that the application of the CAPM is performed 

to forest companies that trade in the Stock Exchange. In this study, the ex-post financial 

performance of forest investments established with P. radiata from the stumpage price has 

been examined for a non-industrial company not listed in the Stock Exchange. The return of 

the forest crop of this investor exceeds the market with a low systematic risk. Therefore, the 

inclusion of investments in forest crops can improve the profitability of the investments 

portfolio along with lowering the risk of such portfolio. 
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