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Abstract

Sustainable development requires satisfactory fulfillment of a group of criteria regarding the economic, environmental and social dimension of projects, while economic development is characterized by giving priority to the economic criteria. Often decisions to develop or conserve environmental resources are based solely on the criterion of economic benefit, as it is derived from the classical cost-benefit approach. The decision, though, to preserve the environment might be preferable to the decision of immediate development at the present time. This might be feasible by adding the option value to the preservation benefits. The option value emerges especially under the following conditions: i) there is uncertainty regarding the future benefits and costs, ii) the loss of the environmental resources is irreversible and iii) the decision to initiate development may be postponed.
This paper presents the international literature on the concept of option value of the environmental resources and on the different methodologies, developed recently in the field of environmental economics, for the assessment and estimation of the option value. Most of these methodologies solve analytically or numerically the stochastic differential equations used to model optimal stopping problems. More specifically, this work implements in a specific example three different methodologies proposed by Conrad (1997), Forsyth (2000) and Conrad and Kotani (2005). A case study is presented where the selected methodologies are implemented to address the dilemma whether to develop a gold mine in Thrace or to preserve the existing natural environment. This example of implementing option value assessment methodologies aims at demonstrating the applicability and at promoting the usage of these methodologies so as to enhance structural thinking for taking account all hidden benefits from the protection and preservation of environmental resources in the framework of sustainable development.
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1. Introduction
The importance of computer mathematics and their applications in many aspects of science and engineering is inarguable. Models that lack closed-form analytical solution are common in biological, physical and engineering sciences. Since the introduction of the digital computer, scientists in these fields have turned increasingly to computer methods to solve their models. In many cases where analytical approaches fail, numerical methods are used successfully to compute highly accurate approximate solutions.
“…Valuing and addressing complex environmental externalities—from deforestation to climate change—will often require inter-disciplinary collaboration among economists, ecologists and other scientists to model and analyse the links from changes in natural systems through economic impacts to the costs and benefits experienced by humankind. …” (Bateman
 et al., 2007) The above verbatim is verified in the problem of estimating the option value of environmental resources as this estimation requires the collaboration among economists, ecologists and scientists who make use of computer mathematics. In this paper different computer codes are implemented to compute fast and reliable approximate estimations of the option value so that these estimations can be used by managers of natural resources, public lands and the environment in general.
In most cases where there is a conflict between development of a natural resource and the preservation of the current state of the area’s natural environment, e.g., extraction of bauxite or gold (http://www.frontierpacific.com/viewnews.php?id=98) from an area to gain an one-time benefit instead of promoting ecotourism for additional annual income to the local community, development seems to be favored (http://www.ecoclub.com/c/index.php?showtopic=5465). That kind of dilemma, development or preservation and maintenance of environment, on the basis of economic benefit terms tips the balance in favor of the economic development. However, supporters of environmental preservation argue for the Total Economic Value (TEV) of environmental resources that consists of use values and non-use values. Use values are defined as benefits associated with the actual use of the environment and are classified as direct use and indirect use values. On the other hand non-use values involve more ambiguous values such as existence and bequest value. Additionally, economists have introduced the concept of option value, that is, the additional value placed on a natural resource by those people who want to have the option of using the goods and services in the future (Bateman et al., 2002; Markandya et al., 2002). Given appreciation of all values, especially by adding the option value, it may be preferable to preserve the environment in its current state even on an economic basis. “…The maintenance of natural resources, such as forests and wetlands provides option values: it is better to have them and not need their flood protection services than to need those services and not have the systems that provide them. …” (Simpson 2007
)
In most cases, though, the decision to preserve the environment or initiate a development project has to be taken under three fundamental conditions. First, knowledge of future conditions is incomplete or uncertain. Future returns can be described only in a probabilistic framework. Second, the development results in partially or completely irreversible loss of the environmental resource. Third the decision may be postponed for a later time until more information becomes available. These features suggest that in the case of environmental valuation the classical valuation approaches may not be sufficient (Dixit and Pindyck, 1994).

Several methods have been developed to express in monetary terms the value of environmental assets with the most popular being: the contingent valuation (CV) method creating a hypothetical market and using survey questions to elicit people’s stated preferences for public goods, the travel cost method, estimating the value of non-market goods by travel expenditures incurred to visit a site and the hedonic price method, using existing markets, such as the housing or labour markets, to determine the value of an environmental good. In the international literature there is extensive and documented analysis and applied work about the use of valuation techniques for environmental resources (Bateman et al., 2002; Markandya et al., 2002). Also in Greece during the last decade there is application and examples of implementation of the above methods (Langford et al., 1998; Pavlikakis and Tsihrintzis,  2003; Kontogianni et al., 2003; Oglethorpe and Miliadou, 2000; Togridou et al., 2006; Birol et al.,  2005; Skourtos et al., 2000; Papageorgiou and Vakrou, 2001). The significance of this type of valuation studies is not so much the precise monetary figure assigned to the environmental resource, but rather the insight and the additional information they can provide to the decision-makers regarding the particular features of each resource and the public perceptions about it.

According to Forsyth (2000) “…There is still room for advancement in decision making in resource and environmental economics through the application of recent developments in finance. With advances in numerical techniques, it is possible to value problems of increasing complexity that are more representative of reality. …”. Also, in order to analyze and understand natural resource management strategies, the decision making framework should capture the dynamics of interdependency between the economic and ecological systems in an integrated manner. However, the inclusion of two complex systems within a single integrated framework makes many of the present analytical tools redundant. Computational sectoral models on the other hand are ideally suited to meet this challenge. For example, Duraiappah (2002) presents an integrated sectoral model for the shrimp sector in Thailand that describes how the dynamics of economics and the natural system are captured. Thus, the use of dynamic economic models in environmental economics is on the rise. 

Dynamic economic models typically give rise to functional equations in which the unknown is not simply a vector in Euclidean space but rather an entire function defined on a continuum of points. 
For example, the Bellman equation that describes dynamic optima is a functional equation. Except in a very limited number of special cases, the functional equation lacks a known closed-form solution, even though the solution can be shown theoretically to exist and to be unique (Miranda and Fackler, 2002).
But the inputs and parameters in the above mentioned dynamic economic models relate costs and benefits from the preservation of environment and cost and benefits from development projects. Alas, in some cases an annual economic figure from the preservation of the environment is necessary to counter the one time net benefit from the opportunity of development. Here the notion of option value may contribute additional benefits promoting the postponement of development. 
2. Review of option value in optimal stopping problem framework
Weisbrod (1964) used the term “option value” to describe the hidden non-use value that characterizes every good or service that has a double nature both as a public and as a private good. Arrow and Fisher (1974) developed the notion of quasi-option value regarding the additional value that can come by postponing an irreversible action and integrating the additional information into the decision process. In the financial literature option valuation refers to techniques for pricing financial derivatives spurred by the works of Nobel prize winners Black, Scholes and Merton.

The literature on option value that sprang from the seminal article by Weisbrod (1964) is now extensive and somewhat confusing. In recent years a number of authors have developed optimal stopping models to answer the basic question whether or not it is worth to the society to preserve an environmental resource (Reed, 1993; Conrad, 1997; Forsyth, 2000; Conrad, 2000; Buttle and Rondeau, 2004; Conrad and Kotani, 2005).
Reed (1993) considers the decision to cut or preserve an old-growth forest when timber value and amenity value are evolving according to geometric Brownian motion.
The combination of the notion of option value and the satisfaction of an optimality condition is illustrated by Conrad (1997). Then it follows that the problem of preservation or development lies in the framework of optimal stopping problems. Conrad (1997) considers a tract of old-growth forest where the net value of standing timber is N dollars. The old-growth forest is assumed to yield a dividend in the form of an amenity flow, A = A(t). Amenity flow represents the sum of non-timber benefits of use and non-use values (wildlife habitat, flood control, park, and option and existence values). It is assumed that amenity value follows a process of geometric Brownian motion with mean drift rate μ and standard deviation σ. 

Conrad (2000) applies option theory to the decision to extract resources and/or develop a wilderness area. The model in Conrad (2000) takes the perspective of a social planner or public lands manager trying to determine the desirability and timing of decisions to extract resources from and/or develop a wilderness area. In this model wilderness amenity value, the future value of the extractable resource, and the return on a completed development all evolve according to uncorrelated geometric Brownian motions. Also, an algorithm formulated by a discrete-time analogue on MATLAB_Version 5 is presented by which he performs numerical analysis of the options to preserve, extract or develop.

Forsyth (2000), building on Conrad (1997), demonstrates the calculation of the option value of a wilderness area when an upper limit is imposed on amenity value. As an easy analytic solution can no longer be obtained, the problem is solved using a general numerical approach. Forsyth studied the effect of postulating that the stochastic process generating the flow of benefits from the preservation of the mature forest is characterized by white noise around a logistic growth process.
Buttle and Rondeau (2004) extend the work of Forsyth (2000). They introduce a simple method to numerically identify the incremental value of expanding a park and to decompose the show how option value theory can be applied to assess incremental benefits from a natural asset, especially a forest. They also raise concerns about whether the levels of uncertainty in each case study are large enough so that the option value needs to be taken into account. As it is suggested by Buttle and Rondeau (2004) “…whether the degree of uncertainty observed in economic applications of option value theory is sufficient to warrant the additional modelling and computing difficulties inherent in this methodology. …” and “…Whether or not the levels of uncertainty typically dealt with in economic applications of option value theory are large enough to warrant the added modelling complexity is a question that seems worthy of future investigation. …”

More recently Conrad and Kotani (2005) apply real options approach to the issue of when drilling would be optimal in the Arctic National Wildlife Refuge (ANWR) of USA. They conclude by computing with a program in C# trigger prices of oil which when exceeded by the market prices, it is then optimal for the government of US to move forward with the drilling. 
Fackler (2007) commenting Conrad and Kotani’s work, draws the attention to the limitations to the option valuation due to inadequate characterization of future uncertain prices of commodities (oil in this case), use of an inappropriate discount rate and uncertain estimates of the TEV of oil reserves, as the last depends on many factors of the oil market (price shocks, oil’s industry policies etc) and profoundly the technological change in drilling practice. Also, Fackler (2007) mentions that, “… by using a finite time approximation and an iterative complementarity solver, CK’s approach to obtaining solutions in the mean-reverting case required far more computational time than is needed. …” Miranda and Fackler (2002) describe a more efficient algorithm and software implementing this approach (http://www4.ncsu.edu/~pfackler/compecon/).
2.1. Selected methodologies

The methodologies that are being used here are those of Conrad (1997) (C), Forsyth (2000) (F) and Conrad and Kotani (2005) (CK).
2.1.1. C methodology

C methodology results in a closed form solution that requires just spread-sheet calculations. According to C thought on the condition that it is impossible to recreate an old growth forest according to option theory there is a value function V = V(A) and if preservation is optimal then V(A) must satisfy an optimality condition
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where δ is the instantaneous discount rate, Et[] is the expectation operator at instant t and dV(A) is the differential of the unknown value function. 

Because A evolves stochastically taking the differential dV(A) requires the application of Ito’s Lemma. From the solution of the resulting differential equation, the critical amenity value A* which would trigger the cutting of the old growth forest is found as
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At the critical amenity value A* the old-growth forest owner is indifferent between continued preservation and cutting. It is assumed that δ > μ, so that A* > 0. If one can estimate μ, σ and N for a particular old-growth parcel, one could assign a value to δ and calculate the values for α and A*.

2.1.2. F methodology

F methodology requires a general numerical approach to find a solution to the problem using an iterative SOR algorithm. For that purpose a code in Visual Basic was developed (available by the authors) on the basis of Forsyth’s pseudo algorithm. 
According to F the amenity value follows a logistic growth process with an upper limit of Amax plus a variance term that grows linearly with time, as given in equation (4)
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The problem of whether or not to preserve a wilderness area can be viewed as an optimal stopping problem with the following Bellman equation 
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In continuous time the Bellman equation is expressed by equation repeated here as:
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Expanding by Ito’s Lemma Forsyth defines an expression denoted HV
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The Bellman equation implies the following linear complementarity problem

(i) 
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(iii) 
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This stochastic process has no analytical solution, but a numerical solution can be obtained. The numerical algorithm for determining the value of the option involves the discretization of the linear complementarity problem (equation 8) using a finite difference implicit method. In Forsyth the problem was solved at each time step by projected successive over-relaxation (SOR) using the software MATLAB. SOR is an iterative method that starts with a guess for the solution and successively improves until it converges to an exact solution. To reach a steady state solution, the problem was solved on a sequence of grids, each grid finer than its predecessor. On each grid, the problem is solved for 100 years, using the solution from the previous grid as a terminal solution.

The numerical solution requires boundary conditions that specify what happens to option value when A gets very large or very small and a terminal condition for V when the final time period T is reached. The linear complementarity problem was solved for a long time period such as 100 years with the terminal condition 
V(T, A) = Amax / δ





(9)

The boundary condition as A gets large depends on the specific stochastic process and for the logistic growth process HV is
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As A approaches its upper limit the boundary condition for V is simply V=Amax/δ. Intuitively, for large A the value of the option to cut the trees becomes irrelevant, so that the option value is simply the value of a perpetual dividend A growing at a constant rate μ and discounted at rate δ.
2.1.3. CK methodology

CK methodology results in a closed form solution or a numerical approach to find a solution depending on whether the state variable follows a Geometric Brownian stochastic process or a Mean-Reverting stochastic process respectively. The price of crude oil in $ per barrel P = P(t) is selected as the state variable. The model of Geometric Brownian Motion assumes that the price of crude oil evolves according to 
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The parameters μ and σ are estimated by calculating the mean and standard deviation of the series ln(Pt+1/Pt). Then two value functions are determined: the value function for the ANWR while optimally waiting to develop, VW(P), and the value function when field development is started, VF(P). Some other details regard that there is a construction phase of λ = 5 years before oil production begins and that production is expected to last t = 65 years, with an average output of Q = 100,000,000 barrels per year.
The value function while optimally waiting to develop, VW(P), must satisfy the Hamilton–Jacobi–Bellman (H–J–B) Equation which requires 
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where A is the constant amenity dividend provided by an undisturbed ANWR. The solution to this second-order ordinary differential equation is
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where B > 0 is an unknown constant, which will be determined using the value-matching and smooth-pasting conditions, and where b > 1 is the positive root of a quadratic
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At the trigger price, where one is indifferent between preserving a pristine ANWR and developing its oil potential, the value-matching condition requires VW(P) = VF(P) or
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To ensure continuity when one switches from B(t) = 0 (no development) to B(t) = 1 (oil development), the smooth-pasting condition requires that V'W(P) = V'F(P) at the trigger price, or 
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The value-matching condition, equation (15), and the smooth-pasting condition, equation. (16), constitute a two-equation system in the unknown constant B > 0, and the trigger price, P* is calculated as:
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Knowing P*, B can be determined according to:
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3. Case Study
The Dadia Forest Reserve in Greece lies in the Northern Eastern Greece near the Rodopi mountain range and is a place of rich biodiversity. Its flag species are the eagles and predatory birds. It is home to 36 out of 38 Europe's predatory bird species. There is also an Ecotourist Centre, managed by WWF, which is built in the local architectural style and has all the amenities to accept ecotourism visitors.

Table 1 shows the increase in the number of ecotourists and visitors of the Dadia Forest each year since 1994. Since 2000 the number of visitors has been stabilized to approximately 45.000 persons. At present no valuation study for the TEV of the Dadia Forest is available. Based on estimates of the total number of households in Greece, of the WTP per household, of the total number of visitors per year and of the WTP per visitor, it is estimated that the minimum and maximum amenity value is Αmin=500.000€/year and Amax=17.500.000€/year respectively.

Table 1: Number of ecotourists visitors to the Dadia Forest annually (in thousands)

Source: Svoronou and Holden (2005)

	Year
	1994
	1995
	1996
	1997
	1998
	1999
	2000
	2001
	2002
	2003
	2004
	2005

	Visitors
	1,8
	10,2
	18,1
	30,7
	36,3
	39,6
	46,5
	43,3
	48,2
	50,6
	47,2
	40,1


Now, it is assumed that near the area of the forest of Dadia the opportunity exists to excavate a gold mine, similar to the one waiting for permits as filed by the Canadian company Frontier Pacific Mining Corporation in the nearby area of Perama Hill (http://www.frontierpacific.com/perama.php). The construction of a gold mine and the mining activities will disturb the ecological balance of the area resulting in irreversible loss of the annual benefits from preserving the Dadia Forest. The gold mine regardless of the duration of the mining activity is assumed to yield a constant lumped sum benefit N ranging from 120 to 240 million euros.
3.1. C Methodology in the Case study
The nominal value of the interest rate δ is taken as 6%. The drift rate μ and the standard deviation σ of the geometric Brownian process underlying the Conrad (1997) model are estimated for the time series of the number of visitors (Table 1) as 0,4 and 0,5 for the transient case (data for the period 1994-2005) and as 0,01 and 0,12 for the steady state case (data for the period 1999-2005). The transient case seems to yield an unrealistic value for the drift rate due to the initial rush of visitors (according to Conrad’s method it must be δ>μ, so that A*>0; values of δ>0,40 are unlikely). Therefore only the steady state case is used in the sensitivity analyses (Tsagkas, 2007).

3.2. F Methodology in the Case study

The assumptions and parameters for the F’s Methodology are the following: there is a maximum number of visitor’s that should not be surpassed so as not to obscure or diminish the pleasure a ecotourist visitor takes from the visit.

· Maximum number of visitors 60.000 per year. So there is a maximum year amenity value equal to Αmax= 2.100.000€/year.

· The sigmoid function expresses the evolution of the option value as a function of the amenity value from the preservation.

· The one time benefit from the mining activity is considered as a fixed value and equal with Ν=240*106 €.

· The values of the parameters μ and σ are considered for the transient case (μ = 0,4 and σ = 0,5) and the steady state case (μ = 0,01 and σ = 0,12).

· The discount rate is taken as δ = 6%.

3.2.1. Transient Case 

Figure 1 presents the value of the option to sustain the Dadia Reserve as a function of the annual amenity value for the transient case. Figure 1 is obtained by running the code implementing the F methodology written in Visual Basic (Tsagkas, 2007). Of interest is the critical point where the line takes off from the $240 million level that is the landmark value of net benefit gained from the initiation of gold mining. The critical value of amenity value for 5.000 iterations lies between 3.790.000€-3.795.000€ while for 10.000 iterations between 4.005.000€-4.010.000€. It is obvious that increasing the number of iterations the “true” trigger value is approximated with greater accuracy.
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Figure 1: Results from the code in Visual Basic for the transient case for the option value of preservation as a function of amenity value.

3.2.2 Steady State Case
Figure 2 presents the value of the option to sustain the Dadia Reserve as a function of the annual amenity value for the steady state case. For 5000 iterations in the code the critical value lies between 10.420.000 -10.425.000€. For 10.000 iterations the critical value lies between 10.465.000– 10.470.000€. 
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Figure 2: Results from Visual Basic program for the steady state case for the option value of preservation as a function of amenity value.

3.3. CK methodology in the Case study
In this case there is a modeling of the evolution of gold prices and not oil prices as in the CK model. The amenity value from the preservation of the environment in Dadia is assumed as a constant amount in the range of 10.500.000 - 17.500.000€ per year or from 500.000€/year to 2.100.000€/year whether the WTP is regarded from the greek households or the visitors of the Dadia Forest Reserve respectively. The state variable is the gold price per ounce P = P(t) ($ /oz). Based on data for the mean annual values of the price of gold in $/oz for the years 1975 to 2005 one can calculate (http://www.gold.org/) the respective values for the parameters σ = 0,2 and μ = 0,05 (Tsagkas, 2007). Also with the help of Table 3 and the equation (17) one can calculate, for a range of amenity values from the preservation of the Dadia Reserve, the trigger price of gold that would initiate the mining activity.
Table 3 Problem parameters (Tsagkas, 2007)
	Parameter
	Value for the case study 

	c
	$171/oz ή 137€/oz

	Τ
	9 years of production

	Q
	131.000 oz gold per year

	λ
	0 or 1 year

	Κ
	$US 97.000.000 or 77.600.000€

	δ
	0,1

	μ
	0,05

	Σ
	0,2 

	Α
	12.500.000€ *(1,25)= 15.625.000$ 6.000.000€ *(1,25)= 7.500.000$

2.100.000€ *(1,25)= 2.625.000$ 500.000€ *(1,25)= 625.000$


Using equation (17) the results depicted in Table 4 are obtained for the dependent variables.
Table 4: Estimation of critical values P* of gold in markets in $/oz.

	T
	δ
	μ
	σ
	Β
	A
	K
	λ
	c
	Q
	P*

	9
	0,1
	0,05
	0,2
	1,608495
	15.625.000
	97.000.000
	0
	171
	131.000
	1.075,23

	9
	0,1
	0,05
	0,2
	1,608495
	7.500.000
	97.000.000
	0
	171
	131.000
	849,01

	9
	0,1
	0,05
	0,2
	1,608495
	2.625.000
	97.000.000
	0
	171
	131.000
	713,28

	9
	0,1
	0,05
	0,2
	1,608495
	625.000
	97.000.000
	0
	171
	131.000
	657,59


3.4 Results
Table 5 summarizes the results from each methodology. It should mentioned that in each case the economic benefit from the mining is being received by a private mining company. Instead the benefits from the preservation and maintenance of environment will be widely distributed to the local community. Under the assumption that the annual amenity value represents an income to the private company or that the one time net benefit from the development goes to the local community or to the Greek State the analysis of this case study becomes more relevant.
According to Table 5 it is obvious that having only economic criteria a traditional cost benefit analysis prefers the immediate development of the gold mine. Alas, in that way there is no taking into account the environmental externalities or the costs of compensation of the neighbouring area in order to reinstate the environment in its initial state after in the project’s life (in ten years time in this case).
According to the cost-benefit analysis that includes as an additional cost an annual constant amount that would be lost because of the loss of the amenity value, it is also preferred to immediately initiate the development. For an instant benefit from the mining equal to 130.000.000€ and 240.000.000€, the development of the mining activity will be rejected only if the annual amount is greater than 8.000.000€ and 14.200.000 respectively. 
According to C methodology for the transient case with μ = 0,4 development is never justified regardless of the development benefit since 0,4 > 0,06 = δ. For the steady state case with μ = 0,01 for N=130.000.000€ and N=240.000.000€ the trigger values of the yearly amenity values are Α*=4.909.878€ and Α*=9.064.390 respectively.

According to F methodology for the transient case with N=130.000.000€ for μ = 0,4 and σ = 0,5 the critical value of the yearly amenity value is calculated in the region 210.000-215.000€/year, an amount that can be covered by the total WTP of the Reserve’s visitors. For μ = 0,01 and σ = 0,12 the value is calculated in the region of 5.545.000-5.550.000€/year and for Ν=240.000.000€ is calculated the trigger value in the region of 10.465.000-10.470.000€.

By comparing the respective results to the C methodology, it appears that the F methodology is more conservative since for the steady state case and for N=130.000.000€ the critical value is greater by about 600.000€/year than that of the C methodology. For N=240.000.000€, the F methodology exhibits a critical value greater by 1.400.000€/year than that of the C methodology.

According with CK methodology the trigger value of gold is calculated as equal to 657,59$/oz for an annual amenity value equal to 625.000$/year and for modeling the prices of gold as a Brownian motion. For a constant annual amenity value of 15.625.000$/year the critical value is 1075,23$/oz.
Table 5 Results of selected methodologies for base case scenario
	Methodology
	Results
	When the development is optimal to initiate
	Notes

	Cost benefit analysis
	130.000.000€

240.000.000€
	Now-immediately
	The benefit is solely for the company. There is no calculation of externalities

	Cost benefit analysis with additional cost of a constant amount of amenity benefits
	i) N=130.000.000€

development benefit

ii) N=240.000.000€ development benefit
	When the annual amenity benefit is

i) <8.000.000€

ii) <14.200.000€
	Use of function PV in MS Excel for 100 years

	Conrad
	For μ=0,01 & σ=0,12
i) N=130.000.000€

ii) N=240.000.000€
	When the annual amenity benefit is
i) <4.909.878€

ii) <9.064.390€
	Use of spreadsheet

	Forsyth
	For steady state case 

i) N=130.000.000€
ii) N=240.000.000€ 
	When the annual amenity benefit is

<5.545.000-5.550.000€
When the annual amenity benefit is

<10.465.000-10.470.000


	Use of program in Visual Basic

	Conrad and Kotani
	
	When the gold spot price is over 657,59$/oz
	Use of spreadsheet


4. CONCLUSION-DISCUSSION
In this paper an attempt is made to compare a number of methodologies that estimate the option value of environmental resources. As it is shown the calculation of option value imposes an additional barrier for the development and postpones the use of a natural resource for a later time. The use of numerical approaches is necessary when the applied stochastic process results in a problem with no analytical solution.
As Buttle and Rondeau (2004) conclude “…It is one of the fundamental principles of economic analysis that efficient resource allocation decisions require a consideration of marginal benefits and costs. In this paper, we have shown how option value theory can be applied to assess incremental benefits and how the components of the incremental value function can be measured. …”
The application of models for the estimation of option values is often difficult because the necessary time series of data are not available. Valuation methods are never capable to fully incorporate all benefits derived from the conservation of an environmental resource. Ultimately, the contribution of this paper is to enhance structural thinking for taking account all hidden benefits from the protection and preservation of environment in the framework of sustainable development and how the use of numerical techniques and applied computer mathematics can help to this direction. 

Another caveat remains about the crisp notion of the trigger value, especially in CK methodology. Should one initiate at the exact moment the gold value in the markets pass the calculated trigger value? In 12 May the gold value in the markets had reached a peak of 725$/oz, while in 22 September 2006 the value was hovering at 589$/oz. Perhaps there should be set a time period for the value of gold to remain above a level of prices so as to initiate an irreversible development project.

Future work remains to integrate more sophisticated stochastic processes that would require also an numerical approach to solve the resulting differential equations.
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