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Abstracts



	A sensible method to determine the value of a properly managed portfolio of operating options yielding a stream of future cash flows is to price these assets as a portfolio of financial options on those future cash flows. By analogy, to fully appreciate the profit potential of a company whose assets mainly consist of operating options one can price this firm via financial option pricing theory. A positive difference between the value of such firm according to option pricing, and a Net Present Value (NPV) valuation taken as a benchmark for firm value under “passive” management (i.e. not discounting the value of operating options), or the firm’s market value is probably an indication of a loss of value in managing the firm’s assets. 

	We investigate the practical consequences of the above in the valuation of an oil concern. We extend a model by Paddock, Siegel and Smith (1987) to price petroleum field leases, and come up with a valuation procedure for the entire oil firm. Empirically we propose  an evaluation of Lasmo, a British oil concern, with data taken just before a hostile take-over bid for the firm’s equity. In the event we find that the option pricing value of Lasmo exceeds the market capitalisation of the firm at the time of about 5%. Care should be exercised to interpret these findings before a thorough statistical testing of our empirical pricing methodology (currently under way). In particular, we are concerned that the results might not be robust to variations in the key parameters’ value. However, if such results were to be confirmed we would interpret this positive difference as consistent with the presence of managerial inefficiencies. This would confirm the traditional view of corporate financial theory suggesting that take-over attempts are disciplinary devices targeting firms with inefficient management.



�



1. Introduction











	The owner of an oil field has an option to choose the timing of its exploration and development from which he will get a stream of future revenues from the sale of oil and gas. Hence it is quite accepted in finance litereture� and by and large in project valuation practice that an appropriate methodology to assess the value of an oil company is to evaluate it as a portfolio of options (an exploration, development and extraction option) written on crude oil contracts, to get the same future cash flow pattern. 

	The motivating idea of this work is to extend this notion to cover the valuation of a company. This firm’s assets generate a stream of future cash flows whose size and time pattern depends on a series of operating options; the value of these assets varies depending on whether those options are properly exercised, or not. Ideally, the final outcome of this work is to investigate the problem of why such a company should be worth more, or less of the sum of its assets net of debt.

	Given the simple nature of the above considerations, and the vast amount of theoretical theoretical literature providing tools and examples to price option portfolios on petroleum assets,  why should one appraise oil firms by ignoring operating options, and discounting its future net cash flows at an appropriate discount rate�? And from a practical standpoint is there really any difference between option pricing and discounting cash flow via a risk-adjusted rate, once the variables of the valuation procedure have been correctly identified? 

	The NPV and option approach are mutually consistent, as they can be derived from the same equilibrium or arbitrage assumptions, in asset markets. To see the difference one has to go back to the analogy between oil firms and options. To price a portfolio of options by the NPV methodology one has to make a number of assumptions. Among others, one has to assume to know in advance which operating decisions will be taken, and when, so that the range of possible future cashflows can be determine; in the case of an oil firm, this amount to determine which fields will be explored and developed and when. This involves a certain degree of guessing and approximation, as future decision will be taken relying on more information than that presently available�.

	On the contrary, the very nature of option pricing allows to price future options on tradable assets when they are exercised optimally even without knowing how they are going to be optimally exercised in the future�.



	At the level of the whole firm, the ‘real option’ problem of managing oil reserves is the problem of an ‘optimal exercise policy’ for its portfolio of oil-linked assets: which reserves to explore and develop, and when. In other words, the core of the management of an oil firm’s operations. In this case an ordinary NPV valuation of the firm predicts future cash flows according to today’s information. Hence it conditions future operating decisions on today’s available information. 

	On the contrary, option pricing theory evaluates the firm as its operating options were managed optimally, without having to know future information on which optimal management choices will be based. Hence, arguing that the evaluation of the assets of an of an oil company via option pricing captures the value of efficient management (while traditional NPV does not) is not without theoretical grounding, at least as a first approximation.



	The empirical valuation that we present as an example of our technique represents in some respects an almost ideal case. We evaluate Lasmo Plc, a British oil concern listen on the London Stock Exchange with data of the end of 1993. This was a few months before the announcement of a hostile take-over bid on Lasmo’s equity by another British oil company, Enterprise Oil. According to corporate finance theory, take-over subjects are selected among inefficiently managed firms so that the new owners will be able to reap the benefits of improved managerial skills by replacing the old managers of a potentially profitable, but badly managed  company. Hence we have a potential example of a portfolio of  operating options which is inefficiently managed. Accordingly we expect that a traditional valuation based on projections of cash flows can at best match the market value of the company prior to the takeover announcement. On the contrary, pricing the firm’s assets via option pricing should yield the full value of the company when efficiently managed. 

	Unfortunately we cannot rely on a contemporaneous NPV valuation of Lasmo for the same date�. However underestimation of the company value vis-à-vis its market capitalisation is what we would expect given the ‘passive’ nature of NPV. On the contrary, the example of empirical valuation of Lasmo presented later in the paper based on reasonable values of the parameters of the valuation model, yields a higher (+5%) per-share price than market capitalisation. This is consistent to what theory would predict for a firm which would then be subject to a take-over attempt.





2. Applications of option pricing techniques to real asset valuation: Technical details.



	There is large scope for applications of option pricing techniques for valuation of an entire firm�. Previous similar applications like Paddock, Siegel and Smith (1988) are limited to single assets. Their idea, which we follow for single oil-linked assets in this paper, is to model the value of  a lease contract on an oil field as a compound option. There is a the link between the options to explore, to develop and to extract oil from the ground, each option being the underlying asset of the preceding one except for the extraction option for which the underlying asset is the price of a barrel of oil in the ground.

	Technically speaking, an oil firm’s development strategy for each of its assets can be explicitly modelled by defining a option pricing model in the presence of a free boundary, where the value of an oil field is stochastic and evolves over time according to the parameters governing the crude oil price process. When the value of each underlying asset (in this case the value of the field at the next development stage) hits the free boundary, then the field should be developed.

	Three development stages separates an unexplored tract from a producing one. The first is exploration which leads to a quite accurate assessment of the properties of the field in terms of its content of oil and natural gas. After exploration the  reserve is defined as proved. The second stage is development, where the reserve is equipped with all facilities to start production but production isn’t started. In the last stage, extraction,  reserve is exploited to  produce oil and natural gas�. Note how each stage is necessary to implement the subsequent one. Exploration gives the possibility of developing the reserve, while development gives the possibility of extraction. This point might seem rather obvious but it’s nonetheless very important to our strategy of modelling an oil firm’s value.





2.1 The dynamics of oil prices, and the price of oil-linked assets:





	One could price each different kind of oil field by relying on a standard no-arbitrage argument if it could be assumed that there is a market for the factors affecting the asset’s value are traded. However this is not the case for oil-linked contracts, where there is a nontraded “convenience yield” which affects the price of oil-linked assets. Empirical evidence by Fama and French (1988), Brennan (1991), and Gibson and Schwartz (1990, 1991) strongly supports the existence of a convenience yield for crude oil. A positive convenience yield implies that  it is more valuable to have a barrel of oil above than below the ground�. Gibson and Schwartz report an extensive study on the empirical dynamics of the convenience yield in the period 1984-1988. Their conclusion is that (i) there is evidence of a nonzero convenience yield, and (ii) the sign and magnitude of the convenience yield over time is determined by the interaction between competition among oil storage providers, and the forces of demand and supply on the crude oil market current oil price�. 

	The existence of a nontraded convenience yield forces us to price oil-linked assets by assuming an equilibrium model for the price of convenience yield. Another simplifying assumption in our valuation procedure is that each firm’s strategy towards selling its production vs. keeping it on storage has no first-order effects on the market price of oil. Hence, when the firm starts production, it carries on with it indefinitely without temporary shutdowns in extraction�; the current value of a producing oil field is then equal to the present value of expected oil revenues minus production costs. 

	There is no option component in the valuation of producing reserves, which can then be evaluated via the classical Net Present Value rule, or the martingale pricing of the producing reserve described by Brennan (1994). In order to determine the discount factors for expected future revenues, or the equivalent risk-neutral discount factor it is necessary to determine the relevant spot and forward convenience yield and their statistical properties, which can be problematic in the absence of long-term oil-linked traded contracts. Some of the related issues are discussed in Section 6.



 	Summmarising, we choose to evaluate existing producing reserves via a NPV approach, while we price undeveloped ones via option pricing. Table 1, found in Paddock, Siegel, and Smith (1988) may be useful to see the connection between the valuation parameters for undeveloped oil reserves and stock call options�:



Table 1: Analogy between a call option on a stock and an undeveloped oil reserve

Stock Call Option�Undeveloped reserve��Current Stock Price�Current Value of Developed reserve��Variance of Rate of Return on the Stock�Variance of Rate of Change of the Value of a Developed reserve��Exercise Price�Development Cost��Time to Expiration�Relinquishment Requirement (if any)��Riskless Rate of Interest�Riskless Rate of Interest��Dividend�Convenience yield�����

Section 3 develops the analytics of our real option model for an oil firm.









�3. Asset pricing technique



3.1 Assumptions. Pricing a nonproducing oil field:



	The owner of a developed and producing  reserve receives a flow of net profits from the sale of the available production of oil and gas from the field, plus a capital gain (loss) deriving from the change in price of the reserve itself. The profit component is equal to the net after tax profit from the sale of one unit of oil or gas, times the available production per unit of time. The capital component is equal to the change in the reserve price per unit of oil and gas, times the remaining reserve capacity. Ft isthe time t market price per barrel of oil-gas contained in the reserve, of a developed and producing reserve. The per barrel value of a developed nonproducing reserve is Vt. By analogy to financial markets, Ft can be seen as a portfolio containing one dividend-paying stock (whose owner gets a capital gain-loss plus a dividend equal to the production profit per unit of time), while Vt describes the dynamics of the stock price (without dividends). We assume that the return on a developed and producing reserve is normally distributed with mean aF and standard deviation sF . By noting that, at time t, Ft = Vt we can express our assumptions about the distributions of ex-post returns on a developed and producing reserve as:



� EMBED Equation.2  ���					(1)

where:



Vt = value per barrel below the ground of a developed nonproducing reserve similar to Ft

aF = required rate of return on a developed reserve

sF = standard deviation of rate of return on a developed reserve

dz = increment of Standard Brownian Motion



	If we assume that the reserve has an infinite life then Ft is equal to the present value of future cash flows from the firm’s sales of oil discounted at the expected rate of return aF�. Consistently with current practice in oil field valuation, it is assumed that the maximum amount of oil that can be extracted from the field per unit of time follows an exponential decline:



� EMBED Equation.2  ���					(2)



where Qt is the amount of oil still in the reserve at time t , and g is the extraction rate per unit of time. This implies that the (maximum) amount of oil that can be extracted from the reserve per unit of time is equal to:



�\EMBED Equation.2 ���					(3)



	The next step is to find the value of a nonproducing developed reserve i.e. of a reserve that is ready to produce but it is kept on hold. This involves a subtle but important issue, firstly recognised by McDonald and Siegel (1984), and applied to oil-linked assets by Paddock, Siegel, and Smith (1987). The presence of a nontraded convenience yield on oil does not allow to price a nonproducing reserve directly from a producing one. Summarising the point of Paddock, Siegel, and Smith (1987), let us consider the payoffs accruing over time to the owner of a developed reserve who decides to keep it on hold without producing, as opposed to what he would get if he decided to produce. The owner of a  producing reserve whose time t per-barrel price is Ft = Vt  which contains an amount of oil and gas equal to Qt extracts an amount of oil and gas equal to gQt and sells it making an after-cost margin (net of corporate taxes) of  PtgQt. The time zero value of the oil sold is obviously equal to Vt gQt corresponding to the depletion of the reserve. Furthermore, he realises a capital gain (or loss) equal to (Qt - gQtdt)dVt on the remaining amount of oil still in the reserve. Thus his total return is equal to:



	� EMBED Equation.2  ���� EMBED Equation.2  ���					(4)



where we have recognised that the term gQtdtdVt is of smaller order than dt and therefore negligible. On the contrary, if he decides not to produce, he gets a capital gain or loss from the oil still in the ground which is equal to QtdVt. His total return will then be equal to:

	� EMBED Equation.2  ���� EMBED Equation.2  ���					(5)





 Thus the ex-post differential return from producing from time t to time t + 1 is equal to:

	�\EMBED Equation.2 ���			(6)



	It turns out that Vt is the price of an asset that no investor wishes to hold (he would rather produce and get the positive differential unit return d). Thus Vt  won’t be observed in the market. To calculate it, Paddock, Siegel and Smith (1987) observe that d is the instantaneous dividend that is obtained by an investor holding a portfolio of traded assets whose future payoff distribution is equal to that of a developed producing reserve F, when real and financial market are in equilibrium�. Under this equilibrium condition, the value of a nonproducing developed reserve may be identified from F and d. The per-unit rate of change of F is given by equation (4):



	� EMBED Equation.2  ���� EMBED Equation.2  ���				(7)

and is equal to the assumed dynamics of F in (1):

	� EMBED Equation.2  ���� EMBED Equation.2  ���� EMBED Equation.2  ���			(8)



Thus the market price of a nonproducing developed reserve follows:

� EMBED Equation.2  ���				(9)

where, as before:		�\EMBED Equation.2 ���						(10)

is the overall oil net convenience yield component. Note that as V is monotonically increasing in P it has to be smaller than P because of the net convenience yield. As V is homogeneous of degree one in P, if the net convenience yield isn’t strictly positive it would be never optimal to extract oil from the ground�.



	Once we have priced the convenience yield we can proceed and price an undeveloped reserve. The latter is a contingent claim on a developed reserve. More precisely it is an option to get a developed reserve whose strike price is its development costs. The latter are fairly predictable and are therefore assumed nonstochastic. An undeveloped reserve's payoff can therefore be replicated by a combination of developed producing reserves (traded on the market) and riskless bonds as in standard contingent claim analysis. Appendix 2 derives the partial differential equation that has to be satisfied by any contingent claim on a developed oil reserve under our assumptions:



�\EMBED Equation.2 ���		(11)



where sV  = sF , and:

Ut = price of an undeveloped reserve at time t

Vt = price of a developed reserve at time t



Paddock, Siegel and Smith (87) evaluate a lease contract on an oil field where the contingent claim feature of the contract makes it crucially dependent on expiration date. This makes it impossible for them to get to an analytical solution for the contract price. We use the simplifying assumption that this contract has an infinite maturity, or that it can be costlessly renewed at expiration date. In this case the price of a contingent claim on Vt does not depend on calendar time and therefore its partial derivative with respect to t disappears. The above PDE reduces to a homogeneous ordinary differential equation:



�\EMBED Equation.2 ���			(12)

with boundary conditions:

U(0) = 0						(13)



U(VC) = VC - D					(14)



�\EMBED Equation.2 ���						(15)



	These boundary conditions are described in detail in McDonald and Siegel (1984) and Dixit and Pindyck (1992)�. To solve the DE the following functional form is guessed:

�\EMBED Equation.2 ���						(16)

Once substituted into the DE this yields the quadratic equation:

� EMBED Equation.2  ���				(17)

Its negative root is discarded because of the first boundary condition. Its positive root is:

� EMBED Equation.2  ���			(18)



By using the second and third boundary conditions one gets the solution, representing the value of an undeveloped reserve:



�\EMBED Equation.2 ���					(19)



The critical threshold above which the option to develop the field should be exercised is:



� EMBED Equation.2  ���					(20)



Note that as expected the optimal development rule does not depend on calendar time.













3.4 The price of a probable reserve:



	A probable reserve is a field which has not been explored. We can extend our analogy between option pricing and oil fields, and observe that a probable reserve has the same features of a call option to get  an undeveloped reserve whose strike price is the cost of exploring the field. More rigorously, given our assumptions about the features of the process governing the price of a developed and producing reserve it is easy to recognise that by construction the increments of a probable reserve’s price follow themselves a Geometric Brownian Motion. Thus the result obtained in section 3.3 applies by analogy to this case, and the price of a probable reserve is equal to:



 �\EMBED Equation.2 ���				(21)

where U is the value of an undeveloped reserve, E is the exploration cost and:



� EMBED Equation.2  ���		(22)



note that here sU2 is the variance of the rate of change of an undeveloped reserve’s price, and dU is the convenience yield on an undeveloped reserve: (aF - dU) is therefore the rate of return on an explored undeveloped reserve. Note that the condition (d  - dU ) > 0  must hold for our problem to be meaningful: otherwise there would be no reason to explore the field, as an unexplored field would enjoy a strictly higher expected return than an explored undeveloped one�.

Also note that although it is necessary to our pricing strategy to come up with a convenience yield accruing to the holder of an undeveloped reserve, but not to the holder of an unproven one, we aren’t entirely convinced that on theoretical grounds this convenience yield should not be equal to zero. A benefit could accrue to the holder of a proven reserve in terms of the reduction of uncertainty about the consistence and the costs of production of his/her reserve, and this could be valuable under particular conditions of long-term shortage of oil and gas in the market. On practical grounds, while the convenience yield on the oil price can be somewhat estimated from oil futures prices, this is surely not the case for the supposed convenience yield on an undeveloped vs. unproven reserve. In other words, we haven’t so far come up with a plausible empirical way of  estimating the latter.

Solving these theoretical and empirical issues is the subject of our current research on the topic.



�4. The model for the value of an oil concern, and an empirical implementation: the valuation of Lasmo Plc





	The main goal of this paper is to apply the contingent claim pricing procedure to the valuation of not just single oil-linked assets, but the entire oil concern. We run an empirical application of the model by evaluating the assets of Lasmo Plc whose valuation procedure has been performed according to the following criteria:



The current producing fields have been appraised following a DCF approach as detailed later. These include all Lasmo’s fields except fields due to be developed after the year 1994. The free cash flows to be discounted include a deduction for group-wide investments in working capital, plants, property, and other assets.

Valuation of LASMO’s proved undeveloped and probable reserves is done via the option pricing model.



The value of LASMO’s whole business is given by the sum of the amounts determined under these two criteria minus debt outstanding.





























4.1 Empirical valuation procedures:







4.1.1. Value of Developed and Producing Reserves:





	This valuation concerns all developed and producing reserves in the portfolio of Lasmo Group at the end of 1993. These are priced via the traditional Discounted Cash Flows methodology as they are already in place, and the production flow, and related revenues and expenses mainly depend on geological constraints (in terms of physical limits to extraction rates per unit of time).



	The Table below summarises our estimation procedure for the value of 1993 Free Cash Flow generated by Lasmo. The relevant figures are taken from Lasmo’s balance sheet (see the end of the paper) and refer to 1993. The figure for ‘financing’ has been restated to equal an average of the same entry over the years 1990-1993. The before-tax value of tax shields has been added back, and therefore a before-tax rate of return will be employed in the NPV calculations�:

�



�







	The calculations to obtain the required rate of return on Lasmo’s assets (12%) follow the assumptions detailed in Appendix. To get the cumulative net present value of Lasmo’s producing reserves, future net cash flows from existing producing reserves are assumed to follow an exponential decline over time whose annual rate is 12%. In other words, we are (perhaps naively) drawing an analogy between Lasmo’s current cash flows and the typical time profile of a producing oil field, implicitly assuming that a) all current undeveloped reserves do not generate any cash flow and b) direct and indirect cash flow expenses are proportional to the company’s overall production rate. 

�

	Under these assumptions the present value of future cash flows arising from existing operations (in the sense specified before) is given by:



NPV(producing reserves) = NCF0 (1 - exp[-(d + m)])-1 		(23)



where d = 12% is the average annual exploitation rate, and m = 12% is the required annual rate of return on Lasmo’s assets, and NCF0 is the 1993 net cash flow as reported above. The outcome of this valuation procedure is that the value of Lasmo’s current developed producing reserves is equal to £ 1171 millions�:









4.1.2. Quantification of Lasmo’s undeveloped reserves:



	The valuation process is based on reserves expressed as barrels of oil equivalent, and the relevant inputs have been estimated on a regional basis: UK, “International”, and Indonesia. Under the label “International” we have grouped a number of prospects located in different countries. Reserves located in these countries represent a relatively small percentage of the total, and the information available on them is limited. Therefore, undeveloped reserves located in countries named under “International” have been valued under the same assumptions utilised in evaluating the undeveloped reserves located in the UK. The inputs to the valuation process are summarised in Table 2 below:

�Table 2: Net Proven Undeveloped and Probable Reserves



Location of the reserves (1)�Proved

undeveloped�Probable

reserves�Total

���(mmboe) �(mmboe) �(mmboe) ��     UK�144.5�142.7�287.2��     Indonesia�  99.4�   3.3�102.7��     International (2)�15.7�  29.6�45.3��     �______�______�______��     Total�259.6�175.6�435.2��1 Gas is converted to oil equivalent based on a conversion factor of 6,000 cf/bbl.

2 The host countries under “International” are Algeria, Canada, Colombia, Gabon, Italy, Libya, Pakistan, and Vietnam.







4.2 Determination of Developed Reserve Value





	The value of developed reserves has been determined by looking at a number of transactions involving LASMO either as purchaser or buyer. In our view a price of  $8 per barrel of oil equivalent is a sufficiently reliable estimate for developed reserves located in the UK or for those under “International”. For the Indonesian reserves, we have looked at data coming from the details of the acquisition of Ultramar by LASMO in 1991. There it seems that a barrel of oil equivalent was assumed to be worth around $5.2. This value appears to be rather low when considering that the majority of such reserves consists of natural gas and that this product commands a high price in that area. The very high taxation imposed on Indonesian operations is probably the reason for imposing such a low price. 

	It is now known that the fiscal regime in Indonesia will be subject to important changes in the near future that will make it more favourable for Lasmo profits.  We try to forecast the future impact of these changes, coming up with a (revised) price of $6.5 per boe. We concede that this figure is sensitive to our assumption about Lasmo’s Indonesian future fiscality, as well as a number of other operating factors.



Variance of the Rate of Change of the Value of a Developed Reserve: The standard deviation of the market price of developed reserves cannot be directly observed and thus has to be estimated. Siegel, Smith and Paddock (1988), when tackling a similar problem suggest the standard deviation of the rate of change of crude oil prices be used as a proxy.  We accept their suggestion and set the annual standard deviation of rate of change of reserve value equal to 14%, which is an estimate obtained by us of the standard deviation of annual crude oil prices, calculated over the past twenty years.



Development Costs: We follow the reasonable assumption that the appropriate measure of development costs is the present value of real after-tax  development expenditures. Development costs were deducted from various industry sources. Depreciation allowances for tangible development expenditures are associated with the developed reserves and are included in that value. A common depreciation allowance of 50% has been assumed for all the undeveloped reserves. The nominal discount rate used is just above the riskless rate because changes in development expenditures are assumed to be non-systematic. Our procedure is analytically summarised in table 3. The particular specification of the cost structure include the charges on the UK revenues under the form of  Petroleum Revenues Tax, and of a tax of equivalent nature on the Indonesian fields. Our treatment of the PRT and equivalents in the cost calculations is shown in detail in the Technical Appendix at the end of the paper.

�Table 3: Development Costs



�North Sea�International�Indonesia�������Development cost                 ($ per boe)�6.73�6.73�5.8��Depreciation allowances for tangible development�50%�50%�50%��Corporate Tax Rate�33%�33%�33%��PRT or equivalents�25%�25%�25%��After-tax development cost�5.75�5.75�4.89�������





4.4 Production revenues calculations



Net Production Revenue Less Depletion: in using option pricing models to value an undeveloped reserve, one must estimate the convenience yield or “payout ratio” - that is, net production revenue (less depletion) as a percentage of the market value of the reserve�. Our specification for the payout ratio d is:



�\EMBED Equation.2 ���		(24)



where the description of the symbols the reader is referred to Appendix 1 at the end of the paper. To estimate this production “payout ratio” the following assumptions have been adopted:

�Table 4: Assumptions in the calculations of the payout ratio

Variable�North Sea�International�Indonesia�������Market value of a barrel                   ($ per boe)�16.0�16.0�15.0��Barrel Value of developed reserve    ($ per boe)� 8.0� 8.0� 6.5��Operating costs/mkt. value of boe                (%)�  29.0%�  29.0%�  25.6%��Depreciation/mkt. value of boe                    (%)�  31.0%�  31.0%�  22.5%��Production rate                                           (%)�  15.0%�  15.0%� 10.0%�������

The following payout ratios have been determined:



Table 5: Payout ratios

�North Sea�International�Indonesia�������Payout ratio�2.34%�2.34%�3.22%�������

The higher payout ratio for Indonesian reserves is to be connected with our forecasts about the favourable prospects of a lighter fiscal burden on the profitable oil and gas production in the area.



Development Lags: while in the case of a call option the stock is ideally delivered at the same time of the payment of the exercise price, in the case of an undeveloped oil reserve after the decision is taken it takes a certain time lag to develop it. Thus there is a lag between the decision to develop the reserve (that is, to exercise the development option) and the actual payoff arising from oil production. Based on technical consideration on the geological features of the fields, we employ a development lag of 3 years. The revenues are then discounted for three years according to:



�\EMBED Equation.2 ���





4.5 Exploration costs and exploration lags:



To price an unexplored reserve as an option to get an undeveloped field, we need to come up with an estimate of exploration costs. This is particularly difficult, as the cost of exploration is heavily dependent on the geological features of the area of the field. Relying on various estimates made available to us by an oil company, we come up with an estimate for each class of reserve which is reported in the following table:



Table 6: Exploration costs:

�



Again a disclaimer applies as to the over-generalisation implicit in this procedure. Based on technical consideration we quantify the time lag between the decision to explore and the actual completion of the exploration procedures in 2 years.





�5. The results:

5.1 The price of Lasmo’s operating options and some strategic considerations:

The first set of results is about the price per boe of the fields at their different development stages. Table 7 reports the price of the operating options in Lasmo’s portfolio at the end of 1993. We report the theoretical threshold values of the value of, respectively, a developed and undeveloped reserve. Recall that when the observed market price of a developed reserve goes above this threshold value it is optimal to exercise option and get to the next stage of development. The same applies to undeveloped vs. unexplored reserves.



Table 7: Value of various options on Lasmo’s oil fields:

�

By confronting the threshold values with the observed ones it can be noted that all six types of development options are in the exercise region. A broad strategic statement consistent with this is that managers should push further the development process of Lasmo’s oil and gas fields. Then the obvious question: is Lasmo’s management behaving consistently with what our model would suggest it’s the optimal exercise policy? We aren’t in a position to answer this question. But we make the following conjecture: there surely are objective technical and financial constraints limiting a potentially profitable increase in the exploration and development rate of Lasmo’s fields. Our analysis seems to suggest that if these is some slack exploration or development capacity, then the loss in value from not optimally exercising Lasmo’s operating options should be ascribed to managerial failure�. 



5.2: The value of Lasmo’s undeveloped reserves:

	As previously reported, the value of LASMO’s developed and producing reserves is equal to £1,171 million. The outcome of the option pricing valuation process of the undeveloped reserves is summarised in Table 8:



Table 8: Value of Lasmo’s undeveloped reserves

�Proven Undeveloped Reserves�Probable Undeveloped Reserves�Option Pricing Valuation ���(mmboe)�(mmboe)�(£ million)��UK�144.5�142.7�496.74��Indonesia�99.4�3.3�139.76��International�15.7�29.6�71.16��Total�259.6�175.6�707.67��

	Finally we recombine all results to come up with a ‘balance-sheets’ like prospect of Lasmo’s value.



5.3 The value of Lasmo according to our Option Pricing valuation methodology:

This can be observed in Table 9. Note that our valuation yields a premium of 5% over the average market value of Lasmo at the London Stock Exchange, taken over the month of December 1993. Lasmo closing market prices for the relevant period are available in the Appendix.

�Table 9: Lasmo’s ‘balance sheets’ according to our OPVM:



�

�Our valuation procedure fully explains Lasmo’s market value per share over the sample period selected. We interpret the extra 5% value found by our option pricing methodology as being consistent with some degree of managerial inefficiencies of Lasmo at the time.



6	The convenience yield problem. Alternative ways of pricing long-term oil-linked assets:



	Jointly with the empirical valuation of Lasmo reported in the previous section, we ran a sensitivity analysis of the empirical results. To this purpose we perturbate our estimates of the convenience yield (reported in Table 5) and of the operating costs of development. These results are preliminary, and that is why we do not report them here as we would like to elaborate a theoretically sound testing procedure. However we have found so far that the valuation results vary significantly with the convenience yield.

	Hence it appears that an accurate estimation of the convenience yield (or rate of return shortfall) is necessary to obtain a reliable empirical estimation of the value of an oil concern according to the model proposed. In particular, one might raise justified objections on the criteria used in this work to estimate the convenience yield.

	In this paper a special version of the specification indicated by Siegel, Smith and Paddock (1988) linking the payout rate to oil price, operating costs, and depreciation allowances, was utilised. This specification seems to work well when oil prices are high; we would expect that in this case the net profit margin dominates net convenience yield from storage as the main component of the convenience yield. 

This is the case for the empirical section of  the Siegel, Smith and Paddock (1988) exercise as they constructed a sample of “homogeneous” offshore oil fields in the early 1980s, when oil prices were around $32 per barrel. When a similar specification is adopted under different parameter ranges, the results change dramatically. In our case oil price has gone down dramatically to about 1/2 of the early 1980s value ($16). Under these new conditions the convenience yield is obviously much smaller, and this is reflected in its correlation with oil price via net margins in our specification. However  in this case the payout ratio is likely to be much more strongly linked to the advantage of being able to store the commodity rather than to net production margins�. In our view it is reasonable to expect that its correlation with oil price and net profit margin will be substantially weaker.

	One alternative way to estimate the convenience yield, and thus to price oil-linked contingent claims, is to estimate a term structure of convenience yield via “bootstrapping” from a cross-section of futures prices for crude oil. This technique is discussed in detail in Gibson and Schwartz (1989, 1991), who also provide an empirical estimates of the term structure of convenience yields at various points in time. While this procedure is well-suited to price short-term claims on oil contracts, it is not possible to match the maturities of long-term contracts with the corresponding convenience yield inferred from futures prices�, as (i) the liquidity of oil-linked futures drastically diminishes with maturity, and (ii) there are no long-term futures contracts on oil.

	The conclusions of Gibson and Schwartz are that: (i) The convenience yield is very volatile for short-term maturities, but its volatility decreases with maturity. (ii) One should try to capture the “steady state” convenience yield  prevailing in the very long term to evaluate long term oil-linked contract like an oil field. They have a method to capture this steady state convenience yield; however their results which theoretically could be used to price the convenience yield in our valuation exercise.

	The problem which casts some doubts on the practical applicability of the Gibson-Schwartz methodology, as well as the others based on market prices of oil futures, to our example of valuation of Lasmo Plc is that there are no specific traded futures contracts which enable to extract the convenience yield for the three different kind of crude extracted from each group of fields (North Sea, Indonesia, and others). Our valuation highlights substantial differences in the per/barrel value of oil fields at various stages, which are captured by our current specification of the convenience yield based on local crude prices and cost estimates. This information would be lost if we used a common convenience yield estimated, say, from available crude futures for North Sea oil. However we think that the Gibson-Schwartz procedure is a sensible one to estimate convenience yields, hence we might try in the future to find alternative ways to overcome the problem just mentioned.







7	Conclusions and further research



	We have extended the idea of pricing oil-linked assets as optionst to the evaluation of an entire oil concern. We have provided an example of our valuation technique by estimating the market value per share of Lasmo Plc at the end of 1993. Prima facie, the results of our valuation exercise fully explain Lasmo’s market value over the period considered. From this we draw an encouraging signal as to the accuracy and consistency of an option pricing valuation vis-à-vis more traditional valuation  techniques.

	What is special about our example is that the firm selected, Lasmo, would then be subject to a hostile takeover bid a few months into 1994. We selected that firm because we thought that this fact could be an indicator of the existence of managerial inefficiencies within that company. We interpret the extra 5% value found by our option pricing methodology as being consistent with some degree of managerial inefficiencies of Lasmo at the end of 1993.

	The results reported in this paper are preliminary, pending a careful statistical examination of the robustness of the valuation procedure, particularly to errors in the valuation parameters. We have found that the OPM model is very sensitive to small variations of such a key parameter as the convenience yield. In our view this is mainly due to the ad-hoc estimation procedure.

	A last note on sume perplexities on a particular feature of our theoretical model for proven reserves. We are concerned by the presence of a convenience yield supposedly accruing to the holder of a proven undeveloped reserve, but not to the holder of an unproven one. A benefit could accrue to the former in terms of the reduction of uncertainty about the consistence and the costs of production of his/her reserve, and this could be valuable under particular conditions of long-term shortage of oil and gas in the market. Furthermore, on practical grounds, while the convenience yield on the oil price can be somewhat estimated from oil futures prices, this is surely not the case for the supposed convenience yield on an undeveloped vs. unproven reserve. In other words, we haven’t so far come up with a plausible empirical way of  estimating the latter. Looking at these two theoretical and empirical issues is the subject of our current research on the topic.
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�Appendix 1 - Details of parameters specification



a) Parameter notation:



r = annual after-tax risk-free interest rate

s = estimate of standard deviation of rate of return on a developed reserve

x = ratio of after tax operating costs/market value of a developed reserve

y = ratio of depreciation/market value of a developed reserve

g = annual extraction rate

mvdr = market value of a developed reserve

r = ratio of market price of oil per barrel/market value of a developed reserve

t = development lag - time lapsed between decision to develop and start of production

c = total development costs per boe

t = ratio of tangible vs. nontangible expenses

i = corporate tax rate

prt = Petroleum Revenues Tax

f = total production in mmboe

d = payout ratio - net margin from sale of a barrel of oil after development

D = development costs per boe



b) Development costs: 

The principles governing our specification of the costs to be sustained to develop the reserve can be summarised in the following points:

Development costs are predictable, because they largely depend on known geological and geographical features of the field to be developed. 

A proportion (1 - t) of development costs equal to tangible expenses is offset against current costs. The remaining proportion t is subject to depreciation. The depreciation period is 5 years.

The Petroleum Revenues Tax is calculated from the revenues, and subsequently can be deducted like a cost.



Thus we choose the following specification for development costs :



�\EMBED Equation.2 ���		(1.1)



Three components of development costs can be identified. The first component is:



c x (1 - t) x (1 - I)				(1.2)



and corresponds to the fraction of development costs to be directly offset against current revenues. The second component is:



c x (1 - ti) x 0.957				(1.3)



and corresponds to the intangible development costs where the factor 0.957 takes care of the 5-year depreciation lag. The third component is:



�\EMBED Equation.2 ���				(1.4)



where the market value of developed reserved (which is obviously net of PRT) is increased by dividing it by (1 - prt) to reflect gross revenues minus costs, from which the PRT is calculated and imputed as a cost (net of corporate taxes).

			

c) Payout rate:



It is the net margin from the sale of annual production of oil/gas i.e. market price minus operating costs plus fiscal gains from offsetting production costs. It is calculated as a ratio over market value of developed reserve. The specification used for Lasmo’s payout rate is:



�\EMBED Equation.2 ���	(1.5)



As this is identical to the one in Paddock, Siegel, and Smith (87), we refer the reader to their work for an explanation of the components of eq. (1.5)



Appendix 2: Analytical formula for the PDE satisfied by a contingent claim written on a developed oil reserve:





 We assume that the price of a contingent claim Ut depends only on the price of a developed reserve and on time. Consider the porfolio P containing one unit of U and an amount w of developed producing reserves. The time t price of this portfolio is equal to:



Pt = Ut - wFt					(2.1)



If one chooses the weight w so that w = � EMBED Equation.2  ���the portfolio return over the time interval dt 

is equal to:



dPt = dUt - wdFt				(2.2)



The first term on the right hand side of (2.2) can be obtained by Ito’s lemma, once considering that U is contingent on the price of a developed reserve and on time only:



�\EMBED Equation.2 ���		(2.3)

The second term on the right hand side is composed of a capital gain-loss equal to � EMBED Equation.2  ��� , and a payment corresponding to the profit earned by the sale of oil equal to � EMBED Equation.2  ���. Thus the return on the portfolio P  is equal to:



�\EMBED Equation.2 ���		(2.4)



After simplifying it can be noted that no stochastic terms remain in (2.4):



�\EMBED Equation.2 ���			(2.5)



Thus the rate of return on the portfolio must be equal to the riskless interest rate r:



�\EMBED Equation.2 ���			(2.6)



After rearranging terms the PDE satisfied by a contingent claim written on a developed reserve can be obtained:



�\EMBED Equation.2 ���			(2.7)







� Paper to be presented at the 1996 Financial Management Association Conference in New Orleans. I’d like to thank Ann van Ackere and Michael Brennan for their comments on this paper, and Rajna Gibson for helpful discussions and comments on the subject of real option pricing. Special thanks to Roberto Lorato of Agip Petroli Spa for making his DCF valuation available to me and for valuable insights on the technical features of the oil business. Any remaining and horrible mistake is entirely my fault.

� See Paddock, Siegel, and Smith (1987) and Brennan and Schwartz (1985).

� An economist would argue that the Net Present Value (NPV) approach is based on the classical equilibrium result due to I. Fisher (1930). He shows that in the absence of risk the equilibrium price of an asset equals its net present value at the risk-free rate. This result is then adapted to asset valuation under uncertainty via a risk-adjustment to the discount rate. This procedure crucially relies on a careful assessment of the expected value of uncertain future cash flows, and on a careful risk evaluation to determine the most appropriate risk adjusted rate. However if these parameters of the valuation procedure are exactly determined, then NPV rules constitute a theoretically correct procedure for project appraisal.

� For a full textbook treatment of the problems of evaluating option portfolios via NPV, like which discount rate to use, see Copeland and Weston (1988).

� One way around this problem is to specify a tree of future cash flows with attached probabilities. Under certain circumstances (see Cox and Ross, 76) this is equivalent to option pricing.

�A study by Falbo (1992) shows that a NPV valuation of the biggest 12 oil companies fails consistently to explain their full market values, falling on average short of the latter.

� A typical example is firms in the oil and gas exploration and production business. Other examples include power stations and pharmaceutical companies.

� A definition of each class of reserves according to its development stage and of the costs to be sustained to bring it to the next stage follows:

- A reserve is probable when it hasn't been neither proved or developed. To get the field to production stage the firm has to sustain recognition and development costs.

- An undeveloped reserve is a proved but not developed one. To get it to production stage the firm has to pay development costs.

- A developed reserve is ready to production. We assume that once developed, reserves are kept producing until exhaustion. A rationale for this is presented later in this section.

� For instance to exploit temporary demand-supply inbalances by shipping the oil to the most convenient destination.

� Gibson and Schwartz (1991) and Brennan (1991) find empirical support for the “classical” theory of storage of Working (1948).

� Casual empirical evidence i.e. interviews with oil firms’ management seems to confirm that this is indeed the case in real-life oil production management. Consistently with our hypotheses it seems that oil price changes have an impact on an oil  firm’s development policy rather than on its decision to continue vs. stop production in a developed and producing field. However we do not claim that this is conclusive evidence supporting our assumptions, as further investigation is needed to thoroughly prove it.

� See Paddock, Siegel and Smith (cit.)

� The technically inclined reader would already have noticed the following point: If there are futures markets written on oil, and the market price of oil is lognormally distributed, plus the oil convenience yield is constant over time, then our implicit assumption that the price of a developed and producing reserve is lognormally distributed obtains under nonstochastic production costs.

This point can be easily demonstrated by expressing Ft  in terms of the price of a barrel of oil. For further references and comments on this point see Lund and Oksendal (1991) and Dixit and Pindyck (1994).

� On this point, see McDonald and Siegel (1984).

� Most of the papers in the Reference list thoroughly examine the convenience yield problem. In particular see the papers in Lund and Oksendal eds. (1991).

� We report here some of the comments in Dixit and Pindyck (1992). The first boundary condition is implied by the stochastic process we have chosen for Vt. When it reaches zero it stays there indefinitely. In the others, VC is the threshold price of a developed oil reserve: when the market price of a developed reserve reaches this level, the ‘real option’ on the undeveloped reserve should be exercised and thus the reserve should be developed. The second condition thus states that when an undeveloped reserve is exercised, the owner obtains a developed reserve minus development costs D. The third one is a smooth pasting condition on the first derivatives of the undeveloped and developed oil field value at the development boundary.

� See our previous discussion on the point.

� ‘Purists’ of financial analysis might find that our methodology does not fully address the many interesting problems arising in connection with a thorough and careful DCF valuation. However, here our aim is to provide a fast and reliable value for this part of the business, our focus being on the impact of new methodology employed to appraise the remaining part of the business, namely Lasmo’s undeveloped reserves.

� A similar value for developed and producing reserves is found in Lorato (1994, p.31), who runs a more traditional and very detailed analysis of Lasmo’s balance sheets. He projects forecasts of future cash flows under certain assumptions on the main operating and financial variables over a 10-year horizon He quantifies the NPV of developed and producing reserves in £ 1,042 million.

� On this point see also Paddock, Siegel and Smith (1988).

� A word of caution should apply here as this is a general statement made from generalised, and therefore simplified, assumptions. Our conclusion would be stronger if instead of dividing all reserves in three broad classes with analogous features, we had analysed each development option, field by field, in Lasmo’s portfolio.

� See footnote 10.

� Gibson and Schwartz (1989) choose a futures contract as short-term as 6 months as their longest-maturity contract due to scarce liquidity in longer term futures contracts.
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