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Abstract

The Brazilian government is now planning to implement natural forest concessions for timber extraction. In addition to the legal requirements imposed on the management of concessions (minimum reserves, maximum extraction rates, etc.), the value of concessions is closely linked with uncertainties in estimates of the volume of commercial logs within the concession area and on future timber prices. 

This paper proposes a method to appraise the value of forest concessions based on the real option theory (ROT).  By combining the hypothesis of uncertainties in the  volume of logs in a concession and future wood prices with inter-temporal maximization of profits, the method provides a more realistic estimate of the market value of concessions than does Net Present Value, which does not take these uncertainties into account. 
Comparison between estimates using NPV and ROT shows that the latter are systematically higher.  For the reference case, for example, the values using ROT are 140% higher.  Since forest concessions are public resources, differences of that magnitude cannot be neglected.  The paper also proposes methods to estimate the probability distribution of logging volumes in concession areas along with future prices.  The volume distribution is specified in a spatial model as a function of geographic characteristics of the area as well of the neighboring areas. 

1 – Introduction


The Brazilian government has been developing a concession policy to exploit timber harvesting on national forestry reserves (Flonas), located mainly in the Legal Amazon.  As the concession right will be granted by auction, concession valuation is fundamental, and being a public resource, this valuation must be done as precisely as possible, to avoid undervaluation (potentially resulting in windfall profits for private groups and also wasting of scarce natural forestry resources), or overvaluation (discouraging bidding and/or making sustainable exploitation unprofitable).

The use of purely economic concepts in the valuation of natural resources is overly simplified. For a broader valuation of the costs and social benefits, analysis also requires an appraisal of the environmental benefits of the forest areas, which are not reflected in the market price of the concession (such as retention of carbon and its contribution to global, regional and local climatic stability; biodiversity preservation; water balance maintenance). These environmental issues, however, are not considered in the analysis of this study, which is restricted to the question of determining the economic market value of concessions.
  

In Brazil, most studies which deal with concession or asset valuation for privatization purposes use the Net Present Value (NPV) methodology, which relies basically on the expected free cash flow over the life of the undertaking, discounted by the proper interest rate.  NPV does not consider such factors as the value aggregated by future efficient management of the asset, uncertainties over key variables or changes in regulatory policies. 

Real Option Theory (ROT) incorporates the effect of efficient management and other uncertainties, as well as changes in the regulatory regime.  Particularly in the concession of Flonas, management involves the number of trees being felled in each period. For instance, if timber prices fall under some minimum value, the manager has the option of suspending production, waiting for a more advantageous moment, or if an unexpected amount of timber inventory is encountered, the concessionaire (leaseholder) has the option of raising the cutting rate. 

The greater flexibility of ROT adds value to the concession in comparison to NPV.  From this perspective, in many cases NPV undervalues the concession and leads to mistaken decisions about the investment question
. 

The option theory prices the concession in a way to maximize the revenues from the current cutting rate policy and subsequent decisions about it. Therefore, it calculates the concession value assuming an optimal cutting rate policy adopted by the leaseholder. This concession value is higher than any figure coming from a non-optimal cutting policy. Obviously, the concession value paid at auction will not necessarily be the same as that calculated from the maximization problem, due to different knowledge or expertise of the bidders, or to a higher rate of return demanded by them to offset the investment risk.

Several papers examining the concession value of natural resources using option theory can be found in the literature, particularly Pindyck (1984), the first to introduce real option theory to appraisal a renewable resource with property rights, Morck, Schwartz and Stangeland (1989), the reference paper adopted in this work, which applies the real option theory to value a white pine concession in Alberta, Canada using uncertainties and management flexibility to react to changes in the economy. Finally Brennan and Schwartz (1985) apply the same methodology to value a non-renewable natural resource. 

In this paper we use real option theory to appraise the concession value of a typical national forest (Flona) in the Legal Amazon region of Brazil, and include the uncertainty effect of variables and constraints from government regulatory policy. The numerical results
 were calculated using parameters from the literature
 and from our own estimation procedures, as presented in Section 4 (biomass density and timber price evolution over time) 

As a methodological paper, our main purpose is to present and calculate the optimal concession value. This optimal value depends on the set of parameters chosen. These parameters are selected in a way to reflect a range of perspectives about productivity or market evolution. The numerical results will be the best estimation for the concession value conditioned on the set of parameters adopted
, and therefore will mainly indicate how one can value a national forest concession in an optimal way.
The main characteristic of the model is to consider uncertainty about the evolution of timber prices as well as the uncertainty about initial quantity of biomass in the lease area and its effect over time. The model also investigates how changes in regulatory policy, such as: the minimum density of biomass held in the lease area, the maximum annual cutting rate and the use of management techniques, affect the concession value. Because the concession value depends on the biomass density
 in the concession area, which is not known, a methodological procedure has been proposed to estimate it. The biomass density data came from the RADAM project (Brazilian natural resources statistics). This methodology has been used to estimate the biomass density function in any Legal Amazon municipality and therefore can be employed to calculate the concession value for any specific area.


The paper is organized as follows: the next section describes the national forest-concession policy in Brazil; the third section presents the Real Option Theory (ROT) model used for pricing the concession along with the assumptions adopted for the model; the fourth section presents the spatial model to estimate the biomass density and the estimates of timber prices over time; and the fifth section presents the concession value results and several sensitivity analyses and comparisons of ROT and NPV.  The last section summarizes the results.

2 – Forest Concessions in the Amazon

Containing some one-third of the world’s tropical forests, the Brazilian Amazon has an estimated 60 billion cubic meters of wood
. According to Veríssimo and Júnior (1997), in 1997 the region produced 25 million m³ of wood, 80% of the country’s total output.  The Brazilian domestic market absorbed approximately 90% of the region’s production. 

The forest industry is one of the major economic activities in the Amazon states of Pará, Mato Grosso and Rondônia, and its share of their combined GDP is about 15 to 20 percent.  However, at the national level this is less than two percent.
.

In the international market for tropical wood, Brazil still has a small participation, producing only four percent of world exports. However, significant expansion of this share is expected over the next decade, due to the gradual exhaustion of Asian forestry resources.

The extraction of wood in the Brazilian Amazon is not carried out in a sustainable way due to the low market prices of native wood. The causes are the abundance and the ease of access to the forestry resources. This situation is aggravated by a lack of adequate public policies. Among these, mention can be made of construction of public infrastructure projects, especially highways, which facilitate access to forestry resources; the inadequate vigilance in the region, together with disregard for sustainable management techniques; and last but not least, the inefficient regulation of wood extraction. 

One recent instrument for forest regulation in Brazil is the National Forest Program, created in 1998, allowing concession of national forest areas (Flonas) for public use.  According to the Forest Act (Law 4771 – September 15, 1965 – Art.5), the Flonas are public domain areas, endowed with native or planted vegetal coverage, established for the purposes of:  promoting the management of natural resources (with emphasis on the production of timber and other plant products); guaranteeing the protection of water resources, landscapes, historic and archaeological grounds; and stimulating the development of scientific research, environmental education and recreation and tourism activities.

According to Barreto and Veríssimo (1999), currently, there are 46 legally demarcated Flonas, adding up to 152,000 km2, with 99.5 percent located in the Amazon
.  Although these cover a sufficient area to meet regional demand for wood, until now, no Flonas have been used for legal timber production. 

The current legislation (Decree 1298 of October 17, 1994) specifies that the Flonas must be administrated by IBAMA (the Brazilian Environmental Agency) under the supervision of the Environmental Ministry and that each Flona must have a management plan, including an action program, ecological and economic mapping, and priorities and goals for a minimum period of five years.  Due to a poor inspection system and the huge expanses of wooded areas involved, the current legislation has not been efficient in controlling deforestation and providing for proper management.
 

Faced with the current political climate and the lack of public resources, the implementation of a public concession policy for natural forest exploitation comes naturally as an institutional solution for forest management. The main benefit is to grant public responsibilities to private leaseholders, thus achieving the future sustainability of logging and reducing government costs for management and control.  The basic tenet is to conciliate private self-interest and the good of society by making sustainable exploitation economically attractive and penalizing irresponsible destruction of ecosystems.

The delegation of public responsibilities to the private sector along with the rights and obligations related to commercial exploitation of natural forests would be established through forest legislation and concession contracts. Disobedience with any of the conditions established would result in penalties or even the termination of the concession
. The concessions would be granted to the leaseholders by public tender or some similar mechanism, and would be open to both national and international companies (with the latter required to set up a Brazilian subsidiary to operate the concession).

The duration of the lease and the concession area are critical to ensure the sustainability of any undertaking.  Too short a period would tend to encourage maximum cutting to get a quick return.  Too small an area would have the same effect, by not allowing a leaseholder to make a profit through sustainable, selective cutting.  If, however, the area and the time period are sufficient, the regulatory regime can be formulated so that it is in the economic self-interest of the leaseholder to manage and preserve the concession area wisely.

3 – Concession Value under Real Option Theory 

Papers based on Real Option Theory (ROT) are becoming common in the economic literature on valuation of natural commercial resources. We mention three papers for their importance and relevance as the ROT pioneers relative to natural resource investment decision problems. Pindyck (1984), the first to introduce real option theory to appraisal a renewable resource with property rights. Morck, Schwartz and Stangeland (1989) apply ROT to value a white pine concession in Alberta, Canada, considering management flexibility to react due to changes in the economy. Brennan and Schwartz (1985) apply ROT to value a nonrenewable natural resource investment decision problem with uncertainty about future outcomes of a project to obtain optimal development, operation and abandonment policies. These papers apply ROT instead of the classic technique of predictable future cash flows, known as Net Present Value (NPV), and argue that ROT may be preferable to NPV. We follow the same approach for comparing ROT and NPV.
3.1 – The Real Option Model 

The log price, P($/m3), evolves according to the following stochastic differential equation, with dz as the Wiener process.
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Eq. (1) implies that the log price return is a non-stationary process and can be viewed as a normal distribution with mean (P dt) and standard deviation (P dt). We assume the existence of a future market for timber and use the arbitrage pricing theory to prove that (1) can be written as (2) 
 where (r) is the risk-free rate and (k) is the convenience yield.
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The inventory of timber, I(m3/ha), evolves as the following stochastic differential equation, with dw as the Wiener process, and where dz and dw are uncorrelated processes
.
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The inventory growth rate in (3), [.I – q(P,I,t)] allows negative values. The parameter  corresponds to the timber inventory growth rate as a percentage of the residual inventory; q(P,I,t) is the control variable representing the optimal cutting rate policy in a short period dt; I is the uncertainty about growth rate of timber inventory (burning, discovery of new or valuable species, loss of market share). 

The assumption for the logging company cost function, A(q), is very general. We adopt a linear function relative to q. We further assume that production can be suspended or restarted at any time without additional costs
.   




A(q) = a1 q(P,I,t) + a0.

Let F(P,I,t) be the concession value of the forestry resource given the current timber price P, the present timber inventory I, and time t until the end (t = T) of the lease. The maximization problem can be summarized by (4) and by the constraint (4.1)
.
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q*(P,I,t) ([0,qmax]     ( t.                                                    (4.1)
Using Bellman’s equation, one can demonstrate that the concession value, F(P,I,t), follows the partial differential equation (PDE)
 (5) under constraint (5.1) and the boundary conditions (6-11).
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q*(P,I,t) ([ 0, qmax ] ( t.                                             (5.1)
F( P , I , T ) = 0                                                          (6)
F ( 0 , I , t ) = 0                                                          (7)
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F( P , 0 , t ) = 0                                                     (10)
q( P , I  (  Imin , t ) = 0                                                     (11)     
The boundary conditions guarantee that: (6) at the end of the lease, the concession value is zero; (7) if timber price drops to zero the lease value is nil; (8) if the timber price becomes very large, changes in the lease due to changes in prices will be linearly proportional to the inventory held; (9) there is a reflector barrier due to maximum timber inventory density (Imax), leading to a constant concession value above that barrier. Eq.(10) sets a zero concession value if timber inventory drops to zero. Eq.(11) sets a minimum regulatory limit (Imin) to timber inventory, below which the extraction is no longer allowed. 

PDE (5), as well as the respective boundary conditions, were numerically solved by the finite difference method (FDM) in explicit form
. 

Thus, given the set of parameters ( = (a0,a1,(,r,k,(p,(I,qmax,Imin,P0) and the current timber inventory (I0), the concession value F((,I0) can be calculated. 

We often do not have full information about the current level of timber (I0) in the lease area. Instead, we have only a way to estimate its probability distribution function, p(I0,m,s), through sampling. Nevertheless, we can calculate the concession value F(.), as shown in (12).
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3.2 – The Net Present Value Model

In the NPV model we discount the free cash flow by the risk-free rate (r) during the lease time (t = 0 and t = T). We further assume that the current timber price level (P0) increases with (r-k) and, due to linear production costs [a1.q(P,I,t) + a0], the extraction is always conducted at the maximum annual capacity (q(P,I,t) = qmax), as long as the free cash flow is positive, or zero (q(P,I,t) = 0) otherwise. The NPV is summarized by (13) and qmax is constrained by the expected value of solving Eq.(3), shown in Eq.(13.1).
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3.3 – The Model Parameters 

The parameters assumed in this paper come from three types of sources:  selected papers about natural forest concessions (Flonas), estimations presented in Section 4, and finally selected papers related to international commercial softwoods
.

The following parameters come from the first source
: 1) lease time: 30 years; 2) total area for the lease: 120x103 ha; 3) effective density of extraction: 25m3/ha
; 4) maximum annual cutting rate: 16x103 m3 or 0.133m3/(ha/year); 5) fixed cost: $140x103/year; 6) variable cost with (without) management techniques: $8.45/m3 ($3.55/m3); 7) price for commercial medium-value wood: $30/m3; 8) minimum timber inventory imposed by regulatory policy: 12.50 m3/ha
.

The parameters estimated in Section 4 are: 1) current timber inventory probability density function: lognormal with mean 25m3/ha and standard deviation of 0.41 for the corresponding associated normal; 2) annual standard deviation of timber price growth rate: 30% 

The third source of parameters includes
: 1) annual standard deviation for the timber inventory growth rate: 8%; 2) annual risk-free rate: 5%; 3) annual timber convenience yield: 4.6%; 4) annual timber inventory growth rate as a percentage of the residual inventory held: 1%(0%) with (without) management techniques.

Note that the variable cost depends only on harvesting procedures and does not take into account the transportation cost to the sawmill. 

We assume that we can characterize a certain lease area by a basket of prices and therefore deal with the diversity of species found in the Legal Amazon. Analysis with several price levels was carried out to deal with the fact the Amazon is a richer region than others. For the reference case we use the price for commercial medium-value wood as the representative price of wood in that region.
4 – Biomass Estimates 

The amount of biomass in a region is one of the value determinants of the concession of a Flona. It depends basically on the soil quality, the climate and other characteristics that are not directly observable but are spatially related.

The present work proposes that a mapping be carried out of the Legal Amazon in order to verify which regions have highest potential for economic activities related to wood extraction. The quality of the data used and methodological limitations recommend that the results must be seen as a first step. The biomass density data came from the RADAM project, which in 1991 measured the density of wood for 2400 localities. The time elapsed since this measurement was done and the spatial dispersion of the sample indicate the fragility of the results. Considering the methodological aspect, it was only possible to construct biomass estimates down to the level of a single municipality (corresponding roughly to a county), which implies excessive aggregation in most of the cases.

The measures obtained from the RADAM project correspond to particular points and do not cover the entire area of a potential concession, making it necessary to extrapolate or predict these measures for the whole area. Table 1 shows that 300 municipalities were not considered and that 31 had less than 3 hits. 

Table 1: Distribution of Municipalities over the RADAM sample

Class
0
1-3
4-5
6-10
11-15
16-20
21-40
40-60
>60
Total

Municipalities
300
31
18
17
25
12
12
10
7
442

The prediction will be carried with a model that relates the density of biomass (b) with the density of neighboring regions, and explanatory variables (x) which are measured for the whole area. 

The explanatory variables considered are geological and ecological factors such as the kind of soil, vegetal cover, altitude, distance from the sea; and climatic factors, including in this category rainfall and mean temperature per quarter of the year. Besides these factors related to measurable characteristics of each region, we considered the influence of neighboring regions. That is, it will be assumed that biomass density varies uniformly over the space, which implies that the biomass density of a region is an estimator of biomass density of neighboring regions. 

The research (IBGE – The Brazilian Institute of Geography and Statistics) identified for the Legal Amazon homogeneous regions according to the kind of soil (S) and the kind of vegetal coverage (V), uses the same classification adopted by RADAM. Besides these characteristics, this research also measured the mean temperature (T) and the mean precipitation per quarter for each municipality. The mean altitude and distance from the sea may be obtained from other sources. All these latter variables will be denoted by (C). The variables (S,V) are known for each point of the RADAM sample, as well as means for municipalities. The variables (T,C) are known only as means at the municipal level.

The RADAM sample refers to places – identified as points since they are small areas (1 ha) – and the results are related to areas. In order to make the data compatible with the level of aggregation of the results, three alternatives are possible, namely: ‘estimate/aggregate’, ‘aggregate/estimate’, and ‘aggregate in a reticulation/estimate’. In the first alternative, the model is estimated with the RADAM sample, and predicted on an aggregate basis. In the second alternative the data are aggregated per municipality
, and with that information the model explaining the density is estimated.  Finally, the last alternative proposes the definition of a sufficiently small reticulation covering the Legal Amazon in order to allow for the homogeneity hypothesis regarding density of wood and estimation of the model, considering the aggregated sample for this reticulation. This model could predict the density for all reticulations and then obtain the aggregation for any area, municipality or smaller regions, such as the defined concession areas. We consider this last approach the most adequate because it does not require the homogenous municipality hypothesis, but it was not implemented because it would require a preliminary effort for data management that is beyond the scope of this work. 

The first two approaches generate density estimates with limitations. The aggregation of biomass density assumes the homogeneity of this variable in each municipality and, hence, assumes that the mean of the densities is representative. The results as aggregated data rely on how good this homogeneity hypothesis is. The first alternative relies on the explanatory capacity of the regressors.  

For both alternatives the models will be estimated in two versions, one including the density effect of neighboring regions, and the other ignoring it. Naturally, the first one is an unrestricted form of the second and, in that way, the models will be presented in their unrestricted form.

Alternative D:   bi = (Wib + ( aj
[image: image12.wmf]j

i

s

+( cj
[image: image13.wmf]j

i

g

+( dj
[image: image14.wmf]j

i

v

+ ei   ei~(0,(2)                                   (14)
where:

bi      : density of biomass for i(R

M(m) : set of the points in municipality m

W    : neighborhood matrix between the RADAM points
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The component for neighbor effect, when present, requires knowledge of (WX), which is defined in the set of all points of (m) and not only in the RADAM points. The operation (Wib) calculates the local mean of the densities (
[image: image32.wmf]i

b

~

) – neighbor mean density. As (WX) is not known, we assume that the mean of the neighboring area is representative and, in this case, the expected density in the municipality is given by (15). 

(x(M(m) Wxb p(x)(x  (  
[image: image33.wmf]m

N

1

(i(M(m) Wib =
[image: image34.wmf]m

N

1

(i(M(m)
[image: image35.wmf]i

b

~


E(
[image: image36.wmf]m

b

)

)=({
[image: image37.wmf]m

N

1

 (i(M(m)
[image: image38.wmf]i

b

~

}+ aj 
[image: image39.wmf]j

m

x

+ aj 
[image: image40.wmf]j

m

y

+ dj
[image: image41.wmf]j

m

v

                                 (15)
Alternative A:  bm=(
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where:    

bm = (Nm)-1(i(I(m) bi          Nm = #I(m)      

W* : neighborhood matrix between the municipalities

The number of points (Nm), their distribution over the municipality, and the degree of volatility of this estimate
 determine to what extent (bm) represents the biomass density in a particular municipality. 

4.1 – Empirical Results 

The regressors of the model were grouped in the vectors: (S) indicating the kind of soil; (V) the kind of vegetation; (T) the temperature per quarter; (C) the rainfall, altitude and distance from the sea; and (W) the neighbor effect. The models (14) and (16) are specified in general form and the best transformation must be chosen for (b). To keep the results interpretable we will choose only between the identity transformations, which correspond to (e~N(0,(2)) or (e~LN(0, (2)). We estimated the model with disaggregated data and all the explanatory variables, considering these two transformations. Than we choose the one which maximized the likelihood. The results indicated the logarithmic transformation, as can be seen in Table 2. 

     


Table 2: Choice of the Transformation:

Model
LVM| transformation
Adding log
LVM

(SVCT|level)
-7514.34
-
-7514.34

(SVCT|logaríthm)
1969.51
9109.87
-7140.36

Under Alternative D, the total number of regressors is 22 and the sample has 1968 points. Although the degrees of freedom are more than sufficient, the objective of extrapolating the results outside the sample recommends avoiding redundant variables in trying to reach a “structural” model.  We therefore tested different selections within the set {S,V,C,T} and chose the one which minimized the standard error
. 

Table 3: Model with 1968 RADAM points

Model
Disaggregated(N=1968)
Aggregated (N=90)

Variables
Standard
P
(
P

Rho
Akaike

C,T
.4253
10
-
10
-
-2.974

S,V
.4313
12
-
14
-
-2.940

S,C,T
.4247
17
-
12
-
-3.040

V,C,T
.4224
15
-
14
-
-2.885

S,V,C,T
.4217
22
-
24
-
-2.731

C
.4254*
6
-
6
-
-3.065*

C,W    (*)
-
-
-
7
.52
-3.273*

C,V        (*)
.4223
11
-
-
-
-

C,T,W
.4024
11
.45
-
-
-

S,V,W
.4138
13
.43
-
-
-

S,C,W
-
-
-
13
.41
-3.149

S,V,C,T,W
.4008
23
.45
25
.35
-2.797

C,W       (*)
.4021
7
.47
-
-
-

C,V,W
.4021
12
.43
15
.50
-3.056

The results in Table 3 show that: (1) the regressors explain only a small fraction of the density volatility; (2) the density of neighbors substantially raises the explanatory capacity of the model
; (3) in both cases – considering or not the influence of neighbors – the model (C,V) is the best one. This model (C,V), which does not include the neighbor effect, despite the small explanatory capacity (<10%), does not rely on the density homogeneity hypothesis – adopted to estimate the neighbor effect – and allows prediction for a larger number of municipalities. Hence, it will be one of the selected models.  The other models selected include all the regressors except the neighbor effect (S,C,V,T), and the best model (C,V,W) that includes the neighbors effect. This last one, although being the best model, relies on the homogeneity hypothesis and can be used to predict a smaller number of municipalities since we do not have neighborhood information for many of then.


The second alternative (A) relies on the hypothesis of homogenous density, which cannot be evaluated with the data available. However, a comparison of results between the aggregated and disaggregated models may indicate consistency. To avoid data with poor information, we disregarded the municipalities with fewer than 3 RADAM points
.  In that case, it is possible to calculate the exact likelihood and select the models using the Akaike information criteria (AIC)
 , where the smaller size of the sample
 makes more relevant the implementation of an information criterion. The results show that: (1) the explanatory capacity is substantially bigger than in the former case; (2) the effect of neighboring regions cannot be rejected; and (3) the best model is (C), including or not the neighbor effect. The models selected were the one which had all the regressors (S,V,C,T); the (C) and the (C,W).

We calculated the E(
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) for all models selected and, as a final test, the MSE; the correlation with the mean density of the municipality estimate (bm), and the number of municipalities predicted with each model version. In fact, we do not know the mean biomass density and hence, the “errors” must be regarded with caution. 

The results in Table 4 show that: (1) the models which do not have the neighbor effect follow the “observed” data trajectory poorly; (2) the results of the aggregated and disaggregated models are similar, which indicates the homogeneity hypothesis; (3) the results are coherent to some extent. 

Table 4: Results

Model
Pattern
MSE
Corr
Municipalities

VC
D
25.1
.44
338

VCW
D
16.1
.43
113

SVC
D
24.3
.46
338

C
A
23.1
.49
343

CW
A
20.8
.63
137

SVC
A
19.2
.66
137

For the estimates of timber prices we used the Brazilian mahogany exporting data, and also the Malaysian hardwood logs and hardwood sawnwood data from IFS (International Financial Statistics). For these series we estimated two conditional variance models  – Garch(1,1) and ARCH(1) – described below. The results are in Table 5, which also presents the unconditional variance.
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Table 5 : Wood Price Volatility Estimate 


Mod
A
T(a)
(0
T((0)
(1
T((1)
(2
T((2)
(I /month

Mahogany
Garc
0.83
1.8
62.30
6.4
.498
4.2
-.075
1.0
.104

Hardwood logs
Garc
-.18
-.4
38.5
8.4
.369
5.1
.057
0.4
.082

Hardwood sawnwood
Garc
0.23
0.7
18.6
8.6
.832
5.5
.025
0.5
.114

Mahogany
Arc
0.91

55.6
8.4
.490
4.3


.104

Hardwood logs
Arc


20.2
13.7
.793
5.4


.099

Hardwood sawnwood
Arc


42.3
11.9
.366
5.2


.082

5 – Amazon Natural Forest Concession Valuation.

The concession value for a specific area depends on several parameters which we do not know precisely. The first two parameters, I0 and S, correspond to the current timber inventory probability distribution and were estimated in Section 4 along with the parameter P. We assume typical values for the rest of the parameters, as shown in Table 6, which are consistent with the specific literature.
Table 6: Values for the Parameters

Variable

Value

Current timber inventory (m3/ha)
I0
25

Standard deviation of  the current timber inventory I0
S
0.41

Current timber price ($/m3)
P
30

Standard deviation of P (year) 
P
0.3

Standard deviation of timber inventory (year)
I
0.08

Fixed cost (per year)
a0
140.000

Production cost without management techniques ($/m3)
a1
3.55

Production cost with management techniques ($/m3)
a1´
8.45

Timber inventory growth rate as % of residual inventory with /without management (year)
(
0.01 / 0

Convenience Yield (year)
k
0.046

Risk-free rate (year)
r
0.05

Maximum cutting rate  (m3/ha/year)
qmax
0.133

Minimum timber inventory imposed by regulation (m3/ha)
Imin
12.50

The concession value was calculated using Traditional (NPV) and Real Option Theory (ROT) approaches. The ROT was divided into two cases. In the first case we assume we know the timber inventory, and calculate the lease value F((,I0). In the second case we just know the timber inventory probability distribution function, and calculate the lease value V((). The results are presented for both: management/no management techniques. Management is represented by higher operating costs and by a positive inventory growth rate (( = 1% p.a.). 

Table 7 presents the lease value for three combinations (NPV, F((,I0), V(()) respective to parameter values in Table 6, and considering disturbances in the initial conditions of  timber inventory and price. Table 8 is similar to Table 7 and presents the sensitivity analysis of the results according to the behavior of price and inventory uncertainty.

Table 7: Lease Value Relative to Disturbances in the Initial Conditions 


No Management
Management

Alternatives

NPV
F((,I0)
V(()
NPV
F((,I0)
V(()

Typical
I0 = 25 , P0 = 30
  39.6
  68.2
  59.7 
 29.4
  74.2
  64.8 

(-10) Inventory
I0 = 15
  29.5
  31.8
  29.0
 21.7
  37.7
  34.1

(+10) Inventory
I0 = 35
  39.6
100.2
  95.0
 29.4
113.2
105.9

(+30) Price
P0 = 60
104.7
204.3
179.9
94.5
235.1
205.3

(-20) Price
P0 = 10
    0
    8.8
    7.6
  0
    8.8
    7.7

Table 8: Sensitivity Analysis of Lease Value Relative to Uncertainties


No Management
Management

Alternatives

F((,I0)
V(()
F((,I0)
V(()

Typical
P = 0.3,I = 0.08
  68.2
  59.7 
  74.2
  64.8 

(-)Price Uncertainty
P = 0.2
  43.0
  37.4
   37.9
  33.8

(+)Price Uncertainty
P = 0.4
108.9
  96.0
127.8
111.0

(-)Inventory Uncertainty
I = 0.01
  70.4
  64.8
  78.6
  72.7

(+)Inventory Uncertainty
I = 0.15
  57.4
  50.3
  59.7
  52.7


The results show that:

· The NPV technique decreases the concession value.

· The concession value is not proportional to the current prices or inventories. 

· The concession value is more sensitive to price uncertainty than inventory uncertainty, therefore the first should be estimated more carefully.

· The concession value falls with the uncertainty of the current timber inventory probability distribution. V(() < F((,I0). Therefore, more uncertainty about the current amount of timber in the area decreases the lease value.

· Management techniques raise the concession value.

Next we present some further results organized in a way to explore the effects of the parameters and regulatory policy changes. 

5.1 – Sensitivity Analysis of Parameters

The graphs in this group present the effect of price and its uncertainty (Figure 1); inventory and its uncertainty (Figure 2); and option theory (Figures 3-4) versus the NPV technique for pricing concession value.


Figure 1 shows the sensitivity analysis for the concession value ($/ha), relative to price uncertainty (p-standard deviation per year). Note that the higher the p, the higher the concession value.


[image: image49.wmf]Figure 1 : Concession Value
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Figure 2 shows the sensitivity analysis for the concession value ($/ha), relative to inventory growth rate uncertainty (I-standard deviation per year). 
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Note that for inventories beyond the regulatory minimum limit (12.5 m3/ha), I increases the concession value. Even though the profit is zero in this region, the concession still has a positive value, contrary to the NPV technique, which gives a nil concession value. 

For inventories above the regulatory minimum limit,  reduces the concession value. 

Figures 3 and 4 show the differences for concession value ($/ha) calculated by NPV and ROT versus price (Figure 3) and inventory (Figure 4). 
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[image: image52.wmf]Figure 4 : Concession Value
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Note that the ROT leads to a higher concession value relative to NPV. 

5.2 – Sensitivity Analysis of Regulatory Policy

The graphs in this group present the effect of the regulatory policy: the regulatory minimum inventory (Figure 5); the maximum cutting rate policy allowed per period (Figure 6), and management techniques (Figure 7). 

Figure 5 shows how the concession value ($/ha) increases due to a 50% reduction in the regulated minimum inventory, from 12.5 to 6.25.
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Figure 6 shows the sensitivity analysis for the concession value ($/ha) relative to changes in the maximum annual cutting rate (q).
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Figure 7 compares the two alternatives of extraction on the concession value ($/ha): with or without management techniques. The concession value is higher in the management case, because although it has a higher operational cost, there is a higher inventory growth rate (1% instead of 0% per year), which more than offsets the rise in costs.
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6 – Conclusions

This paper proposes a Real Option Theory (ROT) method to estimate the concession value of a typical Amazon natural forest for harvesting of commercial wood. The proposed method is superior to the traditional approach of Net Present Value (NPV) leading to a higher concession value. ROT allows quantifying the gains from management decisions due to changes in the economy, and the uncertainty about the future behavior of critical variables. 

In the basic case, for instance, the concession value calculated by ROT is 140% higher than that by NPV. ROT allows analyzing the regulatory policy effect, such as the increase of 26% in the concession value due a 50% decrease in the minimum regulated inventory. The NPV approach is not capable of calculating this effect. 

Other relevant results are the non-proportionality between the concession value and current prices and inventories; the importance of realistic measures about the timber inventory distribution; about future timber price uncertainty; about cost functions with and without management techniques, and about how management affects the inventory growth rate. 

The paper also proposes methods to estimate the probability distribution of log volumes in concession areas as well as future log prices. The volume distribution is specified in a spatial model as a function of geographic characteristics of the area as well as the neighboring areas.

The data available about forestry resources are scarce and often in disagreement. Therefore, the numerical results must be seen as merely indicative of the concession value. However, we believe that the results are quite revealing and can motivate the use of this methodology with any set of parameters. These parameters can be chosen to reveal any other perspective about the Amazon Forest.   
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� See Young and Fausto (1997). Valuation through the purely economic aspect has, however, some advantages: (i) easier understanding with less propensity to generate controversies; (ii) minimized value estimate for the natural resource; (iii) results that are easily grasped by central planners, with penalties imposed for any harmful effects through taxes or royalties, generating financial income aimed at the future sustainability of logging.


� More comparisons between NPV and ROT can be found in Dixit and Pindyck (1994).


� The concession value will be calculated by the two approaches – Real Option Theory (ROT) and the traditional technique of Net Present Value (NPV) – and the two outcomes compared.


� See Section 3.3 and also the Bibliography.


� Note that the set of parameters is often controversial.


� For a given soil quality, climate and other characteristics not observable but spatially related of a specific area, the amount of biomass determines the number of trees with a minimum diameter that can be harvested.


� See Veríssimo A. and Ana C. Barros (1996) - Introduction


� See Veríssimo A. and S. Júnior (1997) and Barreto and Veríssimo (1999).


� Additional information about existing Flonas, legislation, and management techniques can be found at www.ibama.gov.br


� According to Barreto and Veríssimo (1999), one of the obstacles to the dissemination of the forest management techniques is the low market price of native wood, stimulating predatory extraction.  Some other questions are still pending regarding the use and possession right over the resource, the duration and size of the concession, and incentives to sustainable management techniques. 


� See Ferraz C. and Ronaldo Seroa da Motta (1999)


� Brennan and Schwartz (1985) show that the risk-adjusted rate for timber prices is equal to r - k.


� We assume that the logging company is a small firm in comparison with the whole industry (the international market). Therefore, changes in forest inventory of a single concession do not affect the market price.


� Brennan and Schwartz (1985) and Dixit and Pindyck (1994)-chapters 6 and 7, relax this assumption.


� qmax represents the maximum annual cutting rate allowed by regulation policy or by production capacity.


� The model does not consider the effect of the taxes on the cash flow. We can add this without any problem to the model.


� More about FDM can be found in Ames (1977) or Smith (1971). 


� We use some data from international softwood as a proxy for hardwood data due to the lack of available data on the latter. 


� In particular Barreto (1999), Veríssimo et al (1992); and Stone(1997).


� This paper uses for extraction purposes the effective wood density per hectare, which corresponds only to a fraction of the actual wood density per hectare. The rest of the density value includes damage from extraction procedures and area for natural preservation. The estimated value with mean 100m3/ha was divided by four to take into account these aspects. The estimates will be presented in Section 4. 


� We assume that 50% of the effective lease area cannot be harvested. The total effective area estimated in Section 4 was 25m3/ha.


� In particular, Morck, Schwartz and Stangeland (1989)


�Since the municipalities change over time, we used the concept of minimum area of comparison, constructed for 1999.


� Mean temperature in each quarter, rainfall in each quarter, altitude and distance from the sea.


� (m= (1/N)(i(M(m) (bi- bm)2  


� The likelihood of this model cannot be computed since It depends on |I-W| ,a matrix whose dimension equals the number of observations (N), which is 2400. Another consequence of the large number of  observations  is the irrelevance of the information criterion for model selection. 


� The number of regressors is not the same because the observations from the RADAM sample did not have a single soil type, nor a single kind of vegetation.


� Which implies that the hypothesis of a smoothly changing density is not rejected. Since the LVM is calculated with error, it is not worthwhile to compare the two models using this measure.


� This criterion cannot be more rigorous in order to maintain the minimum number of degrees of freedom in the estimation of the aggregated models.


� A = Ln((2)+2*p/N


� Only 90 municipalities have more than 3 RADAM observations and all the explanatory variables simultaneously.
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Figure 2 : Concession Value
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Plan1

		I		sI = 0.01		sI = 0.08		sI = 0.15

		0		0		0		0

		0.4166666667		0		0.0000000083		0.000086725

		0.8333333333		0		0.0000002667		0.0017029667

		1.25		0		0.0000056667		0.0105555

		1.6666666667		0		0.0000601583		0.036746525

		2.0833333333		0		0.0003931167		0.092296175

		2.5		0		0.001790425		0.1891762167

		2.9166666667		0		0.0062047917		0.338271925

		3.3333333333		0		0.0174424833		0.548931775

		3.75		0		0.0416883083		0.8288367833

		4.1666666667		0		0.0877089083		1.18403405

		4.5833333333		0.0000000083		0.166706525		1.6190494167

		5		0.0000000667		0.2918928083		2.1370344917

		5.4166666667		0.0000006417		0.4778897667		2.7399241167

		5.8333333333		0.0000051667		0.7400601333		3.4285920667

		6.25		0.0000361167		1.0938448167		4.2029989917

		6.6666666667		0.00022015		1.5541577583		5.06232965

		7.0833333333		0.0011708667		2.134865325		6.0051183833

		7.5		0.0054366083		2.848362025		7.0293627833

		7.9166666667		0.0220370667		3.7052444917		8.13262575

		8.3333333333		0.0779382083		4.7140808417		9.3121267333

		8.75		0.2403147417		5.8812700917		10.5648227667

		9.1666666667		0.6456258		7.2109856417		11.8874802917

		9.5833333333		1.5116999833		8.705196		13.2767386417

		10		3.0918642417		10.3637559583		14.7291661333

		10.4166666667		5.5570193583		12.1845611167		16.241309825

		10.8333333333		8.880158425		14.1637597417		17.809739925

		11.25		12.8546201917		16.2960181167		19.431089925

		11.6666666667		17.258496475		18.5748406583		21.1020935417

		12.0833333333		21.9713659333		20.992954625		22.8196195

		12.5		26.9034813833		23.5427823917		24.5807053

		12.9166666667		31.9222188083		26.2170438667		26.3825911

		13.3333333333		35.1048321333		28.7385725		28.1187466083

		13.75		37.2301771083		31.1272440083		29.7939240917

		14.1666666667		38.9283155583		33.3998915083		31.41218715

		14.5833333333		40.4933521583		35.5709401083		32.9770380333

		15		42.025241475		37.6527857		34.4915143417

		15.4166666667		43.55038635		39.656062975		35.9582645

		15.8333333333		45.0743657167		41.589862075		37.3796084

		16.25		46.5981797583		43.4619169333		38.7575868667

		16.6666666667		48.1219715167		45.2787737083		40.0940028167

		17.0833333333		49.6457612333		47.0459422		41.3904557417

		17.5		51.1695506417		48.768031275		42.6483709417

		17.9166666667		52.6933400417		50.4488692333		43.8690244083

		18.3333333333		54.2171294417		52.0916099833		45.0535640917

		18.75		55.74091885		53.69882615		46.2030281667

		19.1666666667		57.26470825		55.27259045		47.3183606833

		19.5833333333		58.78849765		56.8145466083		48.4004251

		20		60.31228705		58.3259710083		49.4500158583

		20.4166666667		61.83607645		59.8078263417		50.4678684083

		20.8333333333		63.3598658583		61.2608083667		51.4546678

		21.25		64.8836552583		62.6853865417		52.4110560917

		21.6666666667		66.4074446583		64.08183965		53.3376386833

		22.0833333333		67.9312340583		65.450286825		54.23498985

		22.5		69.4550234583		66.7907148917		55.1036573333

		22.9166666667		70.9788128667		68.1030023167		55.9441664167

		23.3333333333		72.5026022667		69.386940375		56.7570233083

		23.75		74.0263916667		70.6422517833		57.542718075

		24.1666666667		75.5501810667		71.8686072083		58.3017271

		24.5833333333		77.0739704667		73.0656399083		59.034515175

		25		78.59775985		74.2329586667		59.741537275

		25.4166666667		80.1215492083		75.3701593083		60.4232400167

		25.8333333333		81.645338475		76.476834825		61.0800629

		26.25		83.1691274667		77.5525844083		61.7124393167

		26.6666666667		84.692915675		78.59702135		62.3207973917

		27.0833333333		86.216701725		79.6097800333		62.9055606583

		27.5		87.740482125		80.5905220083		63.4671485667

		27.9166666667		89.2642483083		81.5389412333		64.00597695

		28.3333333333		90.7879803583		82.4547686583		64.5224583167

		28.75		92.3116341417		83.3377759917		65.0170021

		29.1666666667		93.83511665		84.1877789333		65.4900148083

		29.5833333333		95.3582416333		85.0046397417		65.9419001667

		30		96.8806549167		85.7882692417		66.3730591083

		30.4166666667		98.4017171917		86.5386283667		66.7838898667

		30.8333333333		99.9203336333		87.2557291167		67.174787875

		31.25		101.4347258667		87.9396351333		67.546145775

		31.6666666667		102.9421548917		88.5904618167		67.8983533

		32.0833333333		104.438621525		89.2083760583		68.2317972

		32.5		105.9185914083		89.793595575		68.5468611417

		32.9166666667		107.3748069833		90.3463879583		68.8439255833

		33.3333333333		108.798252075		90.867069375		69.1233676667

		33.75		110.1783202083		91.3560029667		69.3855610417

		34.1666666667		111.5032059917		91.8135970833		69.6308758

		34.5833333333		112.7604963167		92.2403031833		69.8596783083

		35		113.93789895		92.6366136167		70.0723310833

		35.4166666667		115.024020925		93.003059225		70.269192675

		35.8333333333		116.0091078667		93.340206775		70.4506175333

		36.25		116.8856752		93.648656275		70.6169559167

		36.6666666667		117.6489943		93.9290382583		70.7685537417

		37.0833333333		118.2974267333		94.18201095		70.9057525083

		37.5		118.8326164917		94.4082574		71.0288892

		37.9166666667		119.2595470833		94.608482625		71.138296175

		38.3333333333		119.5864499333		94.7834107167		71.2343011083

		38.75		119.8245228167		94.9337820417		71.3172269083

		39.1666666667		119.9873952917		95.0603504167		71.387391625

		39.5833333333		120.0902827167		95.16388035		71.445108425

		40		120.1488186917		95.245144425		71.490685525

		40.4166666667		120.1776609333		95.304920725		71.5244261417

		40.8333333333		120.1891140583		95.3439903417		71.5466284583

		41.25		120.1921427333		95.3631350417		71.5575856

		41.6666666667		120.1921427333		95.3631350417		71.5575856
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Figure 4 : Concession Value
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Plan1

		I		F - sem manejo		F - com manejo		VPL - sem manejo		VPL - com manejo

		0		0		0		0		0

		0.4166666667		0		0.0000000083		0		0

		0.8333333333		0.0000000083		0.0000002667		0		0

		1.25		0.0000001583		0.0000056667		0		0

		1.6666666667		0.0000025917		0.0000601583		0		0

		2.0833333333		0.0000233333		0.0003931167		0		0

		2.5		0.0001382		0.001790425		0		0

		2.9166666667		0.0005977417		0.0062047917		0		0

		3.3333333333		0.00203415		0.0174424833		0		0

		3.75		0.00574905		0.0416883083		0		0

		4.1666666667		0.014040075		0.0877089083		0		0

		4.5833333333		0.03051355		0.166706525		0		0

		5		0.060338275		0.2918928083		0		0

		5.4166666667		0.1104126167		0.4778897667		0		0

		5.8333333333		0.1894341667		0.7400601333		0		0

		6.25		0.3078745917		1.0938448167		0		0

		6.6666666667		0.47787065		1.5541577583		0		0

		7.0833333333		0.7130466083		2.134865325		0		0

		7.5		1.0282849833		2.848362025		0		0

		7.9166666667		1.439462775		3.7052444917		0		0

		8.3333333333		1.9631701917		4.7140808417		0		0

		8.75		2.6164280417		5.8812700917		0		0

		9.1666666667		3.4164193583		7.2109856417		0		0

		9.5833333333		4.3802494333		8.705196		0		0

		10		5.5247468583		10.3637559583		0		0

		10.4166666667		6.86631585		12.1845611167		0		0

		10.8333333333		8.420847525		14.1637597417		0		0

		11.25		10.2036958167		16.2960181167		0		0

		11.6666666667		12.2297220917		18.5748406583		0		0

		12.0833333333		14.5134140083		20.992954625		0		0

		12.5		17.0690884417		23.5427823917		0		0

		12.9166666667		19.911198025		26.2170438667		6.6		4.8

		13.3333333333		22.57375025		28.7385725		12.5		9.1

		13.75		25.0791044		31.1272440083		17.6		12.9

		14.1666666667		27.446497125		33.3998915083		22.1		16.2

		14.5833333333		29.6925545		35.5709401083		26		19.1

		15		31.83167525		37.6527857		29.5		21.7

		15.4166666667		33.8763374333		39.656062975		32.5		24

		15.8333333333		35.8373544083		41.589862075		36		26.7

		16.25		37.7240935833		43.4619169333		38.3		28.4

		16.6666666667		39.5446653083		45.2787737083		39.6		29.4

		17.0833333333		41.3060867083		47.0459422		39.6		29.4

		17.5		43.0144236333		48.768031275		39.6		29.4

		17.9166666667		44.674913625		50.4488692333		39.6		29.4

		18.3333333333		46.29207215		52.0916099833		39.6		29.4

		18.75		47.8697842083		53.69882615		39.6		29.4

		19.1666666667		49.4113833167		55.27259045		39.6		29.4

		19.5833333333		50.9197195333		56.8145466083		39.6		29.4

		20		52.3972180583		58.3259710083		39.6		29.4

		20.4166666667		53.8459298583		59.8078263417		39.6		29.4

		20.8333333333		55.2675754333		61.2608083667		39.6		29.4

		21.25		56.6635827083		62.6853865417		39.6		29.4

		21.6666666667		58.0351201167		64.08183965		39.6		29.4

		22.0833333333		59.3831254667		65.450286825		39.6		29.4

		22.5		60.7083312417		66.7907148917		39.6		29.4

		22.9166666667		62.0112870583		68.1030023167		39.6		29.4

		23.3333333333		63.2923794833		69.386940375		39.6		29.4

		23.75		64.551849825		70.6422517833		39.6		29.4

		24.1666666667		65.789810075		71.8686072083		39.6		29.4

		24.5833333333		67.006257325		73.0656399083		39.6		29.4

		25		68.2010869167		74.2329586667		39.6		29.4

		25.4166666667		69.374104425		75.3701593083		39.6		29.4

		25.8333333333		70.5250367333		76.476834825		39.6		29.4

		26.25		71.6535422083		77.5525844083		39.6		29.4

		26.6666666667		72.759220225		78.59702135		39.6		29.4

		27.0833333333		73.841619975		79.6097800333		39.6		29.4

		27.5		74.9002487583		80.5905220083		39.6		29.4

		27.9166666667		75.9345797		81.5389412333		39.6		29.4

		28.3333333333		76.9440590333		82.4547686583		39.6		29.4

		28.75		77.9281129417		83.3377759917		39.6		29.4

		29.1666666667		78.8861539333		84.1877789333		39.6		29.4

		29.5833333333		79.8175868833		85.0046397417		39.6		29.4

		30		80.7218147		85.7882692417		39.6		29.4

		30.4166666667		81.59824355		86.5386283667		39.6		29.4

		30.8333333333		82.446287775		87.2557291167		39.6		29.4

		31.25		83.2653745083		87.9396351333		39.6		29.4

		31.6666666667		84.0549478083		88.5904618167		39.6		29.4

		32.0833333333		84.8144725833		89.2083760583		39.6		29.4

		32.5		85.543438075		89.793595575		39.6		29.4

		32.9166666667		86.2413610333		90.3463879583		39.6		29.4

		33.3333333333		86.9077885917		90.867069375		39.6		29.4

		33.75		87.542300725		91.3560029667		39.6		29.4

		34.1666666667		88.1445124333		91.8135970833		39.6		29.4

		34.5833333333		88.7140755917		92.2403031833		39.6		29.4

		35		89.250680475		92.6366136167		39.6		29.4

		35.4166666667		89.75405695		93.003059225		39.6		29.4

		35.8333333333		90.2239754		93.340206775		39.6		29.4

		36.25		90.6602473417		93.648656275		39.6		29.4

		36.6666666667		91.06272575		93.9290382583		39.6		29.4

		37.0833333333		91.4313051167		94.18201095		39.6		29.4

		37.5		91.7659213		94.4082574		39.6		29.4

		37.9166666667		92.0665510667		94.608482625		39.6		29.4

		38.3333333333		92.3332115		94.7834107167		39.6		29.4

		38.75		92.5659591		94.9337820417		39.6		29.4

		39.1666666667		92.7648887917		95.0603504167		39.6		29.4

		39.5833333333		92.930132725		95.16388035		39.6		29.4

		40		93.0618589583		95.245144425		39.6		29.4

		40.4166666667		93.1602699417		95.304920725		39.6		29.4

		40.8333333333		93.225600975		95.3439903417		39.6		29.4

		41.25		93.2581185417		95.3631350417		39.6		29.4

		41.6666666667		93.2581185417		95.3631350417		39.6		29.4
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Figure 3 : Concession Value
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Plan1

		P		sigma p = 0.2		sigma p = 0.3		sigma p = 0.4		VPL - sem manejo		NPV

		0		0		0		0		0		0

		10		2.482045		8.7817365		23.84026425		0		0

		20		15.485051		35.1554155		69.38434725		18.5225144812		7.9770130768

		30		37.95285275		74.23295875		127.851397		41.019452056		30.4739506515		1.4359479871

		40		65.6315445		121.6010075		194.44839375		63.5163896307		52.9708882263

		50		97.8647225		175.54866725		267.1359795		86.0133272055		75.467825801

		60		134.52980725		235.11357275		344.7649075		108.5102647802		97.9647633758

		70		175.59107325		299.64868075		426.58654475		131.007202355		120.4617009505

		80		221.01482375		368.67526		512.06908		153.5041399297		142.9586385253

		90		270.75479225		441.818279		600.81251025		176.0010775045		165.4555761

		100		324.7527555		518.772758		692.5035745		198.4980150792		187.9525136748
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Figure 6: Concession Value
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Plan1

		P		q = 5		q = 16		q = 50		q = 100

		0		0		0		0		0

		10		5.24296		8.7817365		22.3617705		31.40767875

		20		22.9764865		35.1554155		80.730863		125.283732

		30		51.139606		74.23295875		150.083789		227.63086425

		40		88.1427765		121.6010075		225.024165		332.540001

		50		132.88456675		175.54866725		303.92379375		438.61201225

		60		184.2105945		235.11357275		386.05318375		545.399365

		70		241.34023675		299.64868075		471.001989		652.744646

		80		303.6936405		368.67526		558.50425725		760.59921975

		90		370.8152475		441.818279		648.37091		868.96050975

		100		442.333784		518.772758		740.4587875		977.84670675

		110		517.93877325		599.28409		834.6545645		1087.28542875

		120		597.3655685		683.135537		930.8655615		1197.308248

		130		680.3852255		770.13979225		1029.01409125		1307.94792225

		140		766.79732775		860.133018		1129.03377525		1419.2369575

		150		856.42471725		952.97047425		1230.86702325		1531.20686325

		160		949.10951575		1048.52322625		1334.46324425		1643.887783

		170		1044.7100445		1146.6755985		1439.777535		1757.30832975

		180		1143.09839525		1247.3231725		1546.769691		1871.4955395

		190		1244.158481		1350.37118125		1655.4034465		1986.47488975

		200		1347.78445125		1455.73320725		1765.64587575		2102.270353

		210		1453.87938475		1563.330108		1877.46691575		2218.9044705

		220		1562.354202		1673.08912625		1990.83898025		2336.39843225

		230		1673.12675		1784.9431395		2105.7366405		2454.77216275

		240		1786.1210275		1898.83002625		2222.136364		2574.04440175

		250		1901.2665205		2014.692125		2340.01629175		2694.232785

		260		2018.497634		2132.47576875		2459.3560525		2815.35391875

		270		2137.753197		2252.13088175		2580.136603		2937.423452

		280		2258.97603325		2373.61063125		2702.34009175		3060.4561405

		290		2382.11258575		2496.8711205		2825.94974		3184.4659095

		300		2507.11258575		2621.8711205		2950.94974		3309.4659095
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Gráf2

		0		0		0

		0.4166666667		0.4166666667		0.4166666667

		0.8333333333		0.8333333333		0.8333333333

		1.25		1.25		1.25

		1.6666666667		1.6666666667		1.6666666667

		2.0833333333		2.0833333333		2.0833333333

		2.5		2.5		2.5

		2.9166666667		2.9166666667		2.9166666667

		3.3333333333		3.3333333333		3.3333333333

		3.75		3.75		3.75

		4.1666666667		4.1666666667		4.1666666667

		4.5833333333		4.5833333333		4.5833333333

		5		5		5

		5.4166666667		5.4166666667		5.4166666667

		5.8333333333		5.8333333333		5.8333333333

		6.25		6.25		6.25

		6.6666666667		6.6666666667		6.6666666667

		7.0833333333		7.0833333333		7.0833333333

		7.5		7.5		7.5

		7.9166666667		7.9166666667		7.9166666667

		8.3333333333		8.3333333333		8.3333333333

		8.75		8.75		8.75

		9.1666666667		9.1666666667		9.1666666667

		9.5833333333		9.5833333333		9.5833333333

		10		10		10

		10.4166666667		10.4166666667		10.4166666667

		10.8333333333		10.8333333333		10.8333333333

		11.25		11.25		11.25

		11.6666666667		11.6666666667		11.6666666667

		12.0833333333		12.0833333333		12.0833333333

		12.5		12.5		12.5

		12.9166666667		12.9166666667		12.9166666667

		13.3333333333		13.3333333333		13.3333333333

		13.75		13.75		13.75

		14.1666666667		14.1666666667		14.1666666667

		14.5833333333		14.5833333333		14.5833333333

		15		15		15

		15.4166666667		15.4166666667		15.4166666667

		15.8333333333		15.8333333333		15.8333333333

		16.25		16.25		16.25

		16.6666666667		16.6666666667		16.6666666667

		17.0833333333		17.0833333333		17.0833333333

		17.5		17.5		17.5

		17.9166666667		17.9166666667		17.9166666667

		18.3333333333		18.3333333333		18.3333333333

		18.75		18.75		18.75

		19.1666666667		19.1666666667		19.1666666667

		19.5833333333		19.5833333333		19.5833333333

		20		20		20

		20.4166666667		20.4166666667		20.4166666667

		20.8333333333		20.8333333333		20.8333333333

		21.25		21.25		21.25

		21.6666666667		21.6666666667		21.6666666667

		22.0833333333		22.0833333333		22.0833333333

		22.5		22.5		22.5

		22.9166666667		22.9166666667		22.9166666667

		23.3333333333		23.3333333333		23.3333333333

		23.75		23.75		23.75

		24.1666666667		24.1666666667		24.1666666667
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		25.8333333333		25.8333333333		25.8333333333
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		27.0833333333		86.216701725		79.6097800333		98.7046829833
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Figure 1 : Concession Value
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Figure 7: Concession Value
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1009.1210100917

1247.3231725

1101.9145867

1350.37118125

1197.6375279083

1455.73320725

1296.2345134333

1563.330108

1397.6542813583

1673.08912625

1501.849151525

1784.9431395

1608.7746241917

1898.83002625

1718.38903915

2014.692125

1830.653284

2132.47576875

1945.5305426833

2252.13088175

2062.9860773333

2373.61063125

2182.987038025

2496.8711205

2305.50229585

2621.8711205

2430.50229585



Plan1

		P		management		no management

		0		0		0

		10		8.7817365		8.777062425

		20		35.1554155		34.1638453833		1.029023961

		30		74.23295875		68.2010869167

		40		121.6010075		108.4585208333

		50		175.54866725		154.0094308667

		60		235.11357275		204.33245085

		70		299.64868075		259.07415385

		80		368.67526		317.9700694083

		90		441.818279		380.81043245

		100		518.772758		447.4224859667

		110		599.28409		517.6601684417

		120		683.135537		591.3975705

		130		770.13979225		668.52451645

		140		860.133018		748.9434372167

		150		952.97047425		832.5670749667

		160		1048.52322625		919.3167483833

		170		1146.6755985		1009.1210100917

		180		1247.3231725		1101.9145867

		190		1350.37118125		1197.6375279083

		200		1455.73320725		1296.2345134333

		210		1563.330108		1397.6542813583

		220		1673.08912625		1501.849151525

		230		1784.9431395		1608.7746241917

		240		1898.83002625		1718.38903915

		250		2014.692125		1830.653284

		260		2132.47576875		1945.5305426833

		270		2252.13088175		2062.9860773333

		280		2373.61063125		2182.987038025

		290		2496.8711205		2305.50229585

		300		2621.8711205		2430.50229585
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_1004966862.unknown

_1004967275.unknown

_1005052710.unknown

_1004966870.unknown

_1004355178.unknown

_1004355392.unknown

_1004966850.unknown

_1004355353.unknown

_1004355174.unknown

_1004355126.unknown

_1004355136.unknown

_1004355141.unknown

_1004355132.unknown

_1004355118.unknown

_1004355123.unknown

_1004355105.unknown

_1004355010.unknown

_1004355042.unknown

_1004355068.unknown

_1004355074.unknown

_1004355048.unknown

_1004355018.unknown

_1004355027.unknown

_1004355038.unknown

_1004355022.unknown

_1004355014.unknown

_1004354962.unknown

_1004354973.unknown

_1004354983.unknown

_1004354967.unknown

_1004354940.unknown

_1004354953.unknown

_1004354926.unknown

_1004354931.unknown

_999011121.unknown

_1004279704.unknown

_999011112.unknown

