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1 Introduction 
Uncertainty is a major concern for anyone dealing with the extraction of natural resources. At
tempts to include uncertainty in the analysis of resource tax schemes have been based on partly 
inconsistent methods and sometimes on ad hoc assumptions. These taxes are to a large extent 
paid by companies owned by well-diversified shareholders. Thus the method of contingent claims 
analysis, developed in the field of finance, represents a major step forward in the analysis of such 
taxes. 

The present paper presents this method, shows how it can be used to analyze how taxes and 
tax changes affect companies' behavior, and contrasts the method to alternatives that have heen 
used. 

Finance theory provides a valuation model which gives the market value today of the after-tax 
uncertain cash flow from any project a company may undertake. Among alternatives the company 
is assumed to choose that which has the highest market value. In this paper there are alternative 
development plans for a given deposit, and most systems will have an incentive (or disincentive) 
effect on the company's decision. 

The market value represents a certainty equivalent present value of the uncertain future cash 
flow. A basic lesson from finance theory is that the risk correction in this certainty equivalent is 
proportional to the systematic risk of the cash flow. In the original Capital Asset Pricing Model 
[CAPM), 1 this risk is measured by the covariance with the market portfolio. 

The contingent claims analysis, however, considers option-tike cash flows that are non-linear 
functions of the values of some ^underlying" assets. The market values of claims to the underlying 
assets are assumed to be observable, or perhaps derived from the CAPM. It is shown that relative 
to those values, the value of a claim to the option-like cash flow depends on its total variability. 
In the standard application of the theory, the underlying asset is a share of stock, and the claim 
to be valued is a call or put option on this stock.3 In the present application, the underlying asset 
is a unit of the natural resource, and the claim to be valued is the tax claim on the extracting 
company. Since the before-tax value of the company is supposed to be known, one simultaneously 
obtains its after-tax value a? che difference. 

The method should be compared to previously used methods for evaluating tax claims under 
uncertainty. One commonly used method is sensitivity analysis on a net present value (NPV) 
or even on an internal rate of return (IRR). 3 This provides some quantitative information, but 
without any guidance on how to evaluate it. A related, but more elaborate method was presented 
by Bøhren and Schilbred [3], who simulated the probability distribution of NPV of the after-tax 
cash flow. Again the problem is that there is no theoretically justified way to evaluate such a 
probability distribution. 

A third method is presented in Thon and Thor lund-Petersen [30]. They assume that the 
company maximizes expected utility of its profits. This may have a theoretical justification, bin. 
for most oil companies it may be more reasonable to assume that the management maximizes the 
market value of the company. 

The literature that originated with Garnaut and Clunies Ross [9] 4 is aware of the problems 
created by uncertainty, but in most cases presents no formal model to solve the problems. 

The relation between the present method and the well-known result of Domar and Mus grave 
[7], that taxes may increase risk-taking in a portfolio model, is explained in Langbraaten and Lund 
[13]. The main point is that that result is not based on the maximization of market value, but on 
managers being averse to (total) risk. 

The contingent claims approach was first applied to taxes by Ball and Bowers [1], who cal
culated the effect of uncertainty on the market value of a single, given petroleum project. Their 
main objective was to show the effect of imperfect loss offset under uncertainty. Majd and Myers 

^ S M Sharpe [28], Limner [M], and Mouin (27]. 
: T h e original theory waa developed in Black and Schole* [2] and Merton [25]. 
3 The additional problem» of attaching a quantitative meaning to the IRR ought to be well known. 
'See also Garaaut and Clunies R o u [10], and reference» therein. 
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L20] did the same for companies in different tax positions. MacKie-Mason [19] presents a general 
statement of the method, and takes into account how taxes and changes in taxes may affect the 
companies' behavior. His emphasis is on analytical results, which are interesting, but which can
not cover the situations of most direct practical interest. The present paper suggests numerical 
methods that can be applied to most tax systems, and discusses several problems connected with 
such applications. 

This method of tax analysis should be kept apart from what has become known as the literature 
on ""real options". That literature considers operating options during the lifetime of a project, on 
which decisions are made as new information arrives.3 The present method, however, is of interest 
even if there are no operating options. It relies on the analogy between the cash Sows from taxes 
and options, even though in the tax case, there is no analogous decision to be made. 

Section 2 presents the valuation model for uncertain cash flows. Section 3 presents the produc
tion model and the data, and section 4 the tax systems, all relating to the Norwegian application. 
Section 5 presents results for this application. Section 6 gives a discussion, and section 7 concludes. 

2 The Valuation Model 
An example establishes the analogy between the value of a call option and the value of a tax claim 
with no loss offset. Consider a company which pays tax at rate r if its profit next period, fi, is 
positive, but nothing if II is negative. Assume that the profit is 

n = P g - C , (1) 

where P is an uncertain output price, Q is a certain quantity, and C is a certain cost. The tax is 
then 

T- ( m a x [ 0 , P Q - C ] , (2) 

which is analogous to the value at the expiration date of a call option on PQ with exercise price 
C. At a previous date, when P is seen as uncertain, option pricing theory gives the value of the 
claim to this non-linear function of P. Since the treasury holds a call option and is protected 
against downside risk, the value of its claim increases with the uncertainty about P. 

That the asymmetric treatment of losses represents a disincentive to invest, has been recognized 
before.6 The contribution of this new method is that it provides a theoretically justified estimate 
for the exact magnitude of this disincentive 

Real tax systems are more complex. Loss carry-forward provisions reduce the asymmetry in 
the treatment oflosses, but not completely. While standard option pricing theory allows a closed-
form valuation of the claim to (2), numerical methods are necessary to obtain the values of more 
complex tax claims. 

While in principle it is possible to introduce more than one uncertain variable, the present paper 
has only one at each point in time, the output price. Although the price process is described in 
continuous time, it is assumed that the company's gross cash flows occur once a year. 

Two alternative sets of assumptions may be introduced, resulting in the same valuation method. 
One is based on absence of arbitrage, as in Black and Scholes [2], and the existence of a replicating 
portfolio strategy, as in Merton [26].T The other is based on an equilibrium model of asset markets, 
as in Constantinides [6J. A simple version of both sets of assumptions is given below: 

1. The output price follows a diffusion process in continuous time, 

dP = aPdr+(rPdz, (3) 

^Central references are Brennan and Schwartz [4\, and McDonald and Siegel ['2i\. See also Elcem [8], and 
reference* therein. 

* S « . e.g.. Mayo [21|. 
*A general statement of the absencf;-of-ar bitrate theory is given in Harmon and Kreps ( l l | . The main reason 

to consider the most general formulation is that t a x » are nonlinear function» of a tiecrur of stochastic variables, 
not a scalar, as seen in {5). 
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r 
where a ts the expected instantaneous rate of growth of the price, dz is the increment to a 
standard Wiener process, and o is the instantaneous, standard deviation of the price, r is 
time. 

2. Trading in assets takes place continuously with no transaction costs. There is a constant, 
risk-free interest rate, r. Everyone is free to lend or borrow at this rate, and invest or make 
short-sales in any other asset, in any amount. 

3. Those who trade in assets are not subject to taxes. 

4.a At time zero a claim to one unit of output to be received at any subsequent time r is traded, 
or can be constructed from other traded assets. 

4.b The intertemporal CAPM of Merton [24] is valid, with the exception that there exist corpo
rate taxes. Stock prices are net of these. 

5. The market value of the claims described in assumption 4.a is 

Ko(/V)*£b(Pr)«p(-pr). (4) 

with p > a. EQ is the expectation conditional on information available at time zero, and p 
is the appropriate discount rate. 

6. The relation between taxes TV in any period r, and the uncertain output prices, can be 
written as 3 

r, = *,(fl, pr). (5) 
Most of these assumptions are by now standard in the "real options" literature.9 A necessary 
modification has been made in order to analyze business taxes, and for simplicity, possible effects 
of taxation on the valuation model have been excluded by assumption 3. 

The assumptions 4a and 4.b are alternatives, each being sufficient to determine the value 
of the claim on future output. It is not obvious which assumption is the most realistic?- The 
intertemporal CAPM puts additional requirements on agents' preferences and on the joint process 
of all asset prices. Assumption 4.a, however, requires the existence of futures contracts or similar 
assets. 

If 4.b is maintained, p is simply the risk adjusted discount rate for the output price, i.e., the 
equilibrium expected rate of return of an asset with the same covariance with the market portfolio 
as that of the output price growth rate. If 4.a is maintained, one may think of (4) as the observed 
value of a prepaid forward contract.10 

Equation (4) can be rewritten as 

£0(PT)exp<-/>r) = PQexp((a - p)r) = F 0exp(-yr). (6) 

The first equation follows from {3). The assumption is that in equilibrium, resources kept in the 
ground earn a return which is sufficient for the owners. With non-zero extraction costs, it is easy 
to show that extracted units of the resource must then earn a below-equilibrium expected rate of 
return, which is a. The difference between p %nd a is y, and is called the (expected-) rate-of-return 
shortfall.11 In an equilibrium with storage of extracted units, it is called the convenience yield.13 

8 It is an open question whether one should require that the tax function <t be continuous. This is a requirement 
in Constantinidcs [6]. In Harrison and Kreps [11] there is no such requirement. However, a problem in considering 
non-continuous claims in the abaence-of-arbilrageuheory. is that the replicating portfolio for this claim is unbounded 
under continuous trading. This is discussed in Lund [18]. 

* See Brennan and SchwarK (4], and McDonald and Siegel [23]. 
1 0 A standard, non-prepaid forward contract would have the forward price Vo(Pr)exp(rr ) . 
1 1 McDonald and Siegel [22]. 
1 3 S e e Brennan and Schwartz [4] and Lund [I8j. 
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r 
The resulting valuation rule for the tax claim ia at follows: Construct a risk-adjusted process 

for the output price, reducing the drift term of the price, a, by the risk adjustment term in the 
discount rate for this price, p — r . 1 3 The value of the total tax claim is the sum of the expected 
discounted values of the claims for all periods (given by (5)), conditional on the risk-adjusted 
process for the output price, with dicounting done at the risk-free rate, r. 

For a linear tax claim, this is the same as computing a (risk-) adjusted net present value 
(APV), i.e., an expected net present value with a risk-adjusted discount rate (RADR). If the 
tax claim is aPr + 6, its expected value at time zero is a Pa exp(ar) + 6. Using the risk-adjusted 
discount rate p on the P term, and the risk-free rate r on the constant term, gives the APV of 
aP<}exp({at — p)r) + bexp{—rr) = <JPQtxp(-yr) + bexp(-rr). Using instead the rule described in 
the previous paragraph gives the same result for the value of constant term. This is also the case 
for the P term, since the conditional expectation is afi)exp((r - y)r), which is discounted back 
to aPoexpi—j/r). 

For a non-linear tax claim, however, it is not possible to use a RADR. The correct risk-
adjustment in the discount rate is specific to each tax claim, and has no simple relationship to 
that of the output price itself. One should also take note of a related point: It is not possible to 
describe the effect of non-linear taxes as constant wedges between before-tax and after-tax rates 
of return. Such differences will be specific both to the taxes and the before-tax cash flows. 

While the conditional expectation can be derived analytically in simple cases, like in the call-
option-like example of equation (2), this is not so for complicated tax claims. Numerical methods 
h->« to be used. In the present paper Monte Carlo simulations give estimates for the conditional 
expectations. Costs and quantities are assumed to be deterministic for any given development 
plan. 

3 Production Model and Data 
The incentive effects of the Norwegian petroleum taxation before and after its latest revision in 
1987 will be analyzed. Since the effect of the taxes cannot be summarized, e.g., in wedges in rates 
of return, it has been necessary to establish typical, stylized descriptions of production possibilities. 

The company is supposed to decide on the scale for development of a proven reserve. Explo
ration is sunk cost, and can thus be neglected. 1 4 The timing of development is another important 
decision, but is similarly neglected, since for any such timing decision, the scale should be chosen 
optimally. Operating and abandonment options are assumed to be of less importance, and thus 
neglected. 

A development plan is a time sequence of development (investment) costs, operating costs, and 
clean-up costs, and a corresponding sequence of extracted quantities. The plan starts in year one 
and ends in year n. The choice between plans is taken in year zero and is one-dimensional: It is 
assumed that all costs in ail years are scaled up or down by the same factor, thereby scaling their 
present value, C, by that factor. A corresponding scaling takes place for the extracted quantities 
in all years, but with a different factor. This factor is determined by the equation 

Q = ACB, (7) 

where Q = ^T=i9Texp(— yr), qT is extraction in year r, while A and B are positive constants. 
3 < 1 ensures decreasing returns to scale within this given oil field. 

If there were no taxes, or proportional cash flow taxes (on the non-financial cash flows, as 
recommended by Brown [5]) at the rate t, the after-tax profit of the company would be 

n = (1 - t)(P0Q - C) = (1 - t)(P0ACB - C), 0 < t < 1. (3) 
1 3 T h e risk adjusted process start» at Pa. has the same volatility, v, as the actual process, but a corrected drift 

term a - (p - r ) =: r — y. 
" T h e company should be compensated for the risk of exploration, but that does not affect the analysis. 
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year coats extraction 
investment operating clean-up 

0 
1 
2 
3 
4 

7 
16 
16 
16 

5 
6 
7 
8 
9 

13 
U 
7 
5 
4 

3 
5 
6 
6 
6 

3 
7 

10 
10 
10 

10 
11 
12 
13 
14 

3 
2 

6 
6 
6 
6 
6 

10 
8 
7 
6 
5 

15 
16 
17 
18 
19 

6 
6 
6 
6 
5 

0 
4 
4 
3 
3 

20 
21 
22 

0 
5 
5 100 

2 
2 
1 

Each column is normalized to a sum of 100. 
Year zero refers to t h e calendar year 1986. 

Table I: Cost and extraction profiles. 

The company is then assumed to choose C so as to maximize this. The rate cf such a tax does 
not affect the decision.15 

For details on the profiles and other data, see tables 1 and 2, and Lund [16]. In order to 
obtain typical profiles, they were computed as averages for 33 oil-producing fields in the British 
and Norwegian sectors of the North Sea. The before-tax optimal size of the field at Pq = 15S 
is supposed to be 754 million barrels, with discounted costs of 4 billion S. Dollar numbers are 
constant 1986 values. 

The main simplification in the description of the possibilities facing the company, is that 
all possible profiles are assumed to have the same duration. Possible effects of taxation on the 
impatience" of the companies are not investigated. Another simplification is that associated gas 
is neglected. 

4 Two Tax Regimes, and Financial Assumptions 
The company is assumed to be a wholly owned subsidiary of a U.S. corporation, holding 30 per 
cent of the license to the field. The company is supposed to control some of the technology, and 
thus to have a major influence on the choice of scale in spite of its minority interest. 

^However, on the effect of tax rates clcne to 100 per cent, see Lund [IS]. On the neutrality of me Brown cash 
flow tax. see Langbraaten and Lund [13]. 



Denomination!: extraction in 10° barrels 
costs and prices in LO3 U.S.:? 

time in ye&rs 
Constants of production function.: (for y = 0.04:) A = 0.065944 

3 = 0.55 
Ratios of costs (total, real, undiscounted): operating costs/investment costs = 1 

clean-up costs/investment costs = 0.125 
Company's share of license: 30 per cent 
Company's existing activity: 30 per cent of field started iu 1976 

30 per cent of fiald started in 1981 
Market data: P0 = 15,000 

<r = 0.37 
(in real terms:) r = 0.03 

inflation rate - 0.05 
y = 0.04 

Table 2: Production, company, and market data, base case. 

During the years 1980-1986 the tax system had six components that are included in this 
study:16 

1. Royalty, at a rate of 8-16 per cent. 

2. Income tax, at a rate of 23 per cent. 

3. Corporate tax, at a rate of 27.8 per cent. 

4. Special petroleum tax (SPT), at a rate of 35 per cent. 

5. Withholding tax on dividends, at a rate of 15 per cent. 

6. Capital tax on book value of assets, at a rate of 0.3 per cent. 

The royalty was levied on gross production value, and was deductible in the base for the next 
three taxes. These three were all levied on taxable profits, with investment costs being depreciated 
linearly over six years, and with a carry-forward provision for losses. Depreciation for tax purposes 
was not allowed until the equipment was taken in regular use. None of taxes 2-4 were deductible 
in each other's bases. Distributed dividends were deductible against tax 3, but subject to tax 5. 
There was a special "uplift" allowance deductible against tax 4, equal to an extra depreciation 
allowance, linear over 15 years. 

From 1987 onwards, a revised system was introduced due to the reduced oil prices. The changes 
were: 

a. Royalty rate set to zero. 

b. A production allowance: 15 per cent of gross value deductible against tax 4. 

c. The "uplift" allowance abandoned for costs incurred after January 1987 

d Depreciation allowed from the date of investment. 

e. The rate of tax 4 is reduced to 30 per cent. 
1 6 In addition there u a refund arrangement for the required clean-up, assumed to take place in the final year. n. 

This is to compensate companies that may be out of tax position at that time. 
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In addition to the tax system, the .Vorwegian state and its oil company, Statoil, has large 
shares in most licenses. In the present paper the state participation is not regarded as a tax. In 
some licenses there is a carried interest arrangement for the state during exploration. This created 
additional incentives not to explore, and was abolished for licenses awarded after 1987. The effect 
of this change is not analyzed here. 

The nominal carry-forward of losses creates an imperfect loss offset. Accordingly the effects of 
taxes will be different between companies in (a relatively safe) tax position and those with losses to 
carry. In the simulations to be reported the company is assumed to have 30 per cent shares in two 
existing fields when it makes its decisions. These have profiles of the same duration, but starting 
ten and five years earlier, respectively. Historical oil prices for 1977-1986 were used. Rather 
arbitrarily, these fields were assumed to be developed at the scale that is before-tax optimal, in 
order to provide a high probability of being in a tax position for the first few years. 

The company's financial policy also affects its tax payments. Details on debt and dividend 
policy are given in Lund [16]. The company's dividends are assumed to be maximized each year. 
In line with previous research on this tax system it is assumed that the company wants as high 
debt/equity ratio as allowed by the authorities, assumed to be 75 per cent debt financing. However. 
there is a required accumulation of a reserve fund, accumulating until it reaches at least 20 per 
cent of the capital stock, and until the sum of the fund and the capital stock equals the debt. This 
also becomes a restriction on debt financing. 

The before-tax cash flow of (I), where C comprises all costs, is split in three: the after-tax cash 
flow to the company, the taxes, and the cash flow to creditors/deb tors. All debt is assumed to 
be repaid with certainty, implying that the present value of it is zero, whatever the outcomes for 
the prices. Taxes are also assumed to be paid with certainty, if necessary with new equity in the 
final year of the calculations. This assumption is made in order not to underestimate the burden 
of the clean-up requirement. For companies with no other taxable income, the assumption may 
nevertheless be realistic if they want to preserve a good relationship to Norwegian authorities in 
later licensing. 

Simulations were made on a Cray X-MP computer. Each simulation consisted of 25,000 runs 
through the sequence of 22 years wir.h stochastic prices. That is, 550,000 random numbers were 
generated. For each set of assumptions and tax rules, simulations had to be made for a number 
of development plans, searching for the one with the highest after-tax value. In all simulations, 
one of the plans for the field under consideration was combined with the same two plans for the 
two previously developed fields. Since the simulations are time-consuming, and since the Monte 
Carlo estimate is imprecise, it was not possible to point down the exact scale that would maximize 
after-tax profits. A grid search was made, with a grid size for costs of 50 million 5. , 

5 Results from Simulations 
Table 3 gives the results of a comparison between the 1987 and the 1980 tax schemes. All numbers 
refer to the company's 30 per cent share of the field under consideration. They give the difference 
to the company between participating in three fields and participating in the two predetermined 
fields only. All interpretations are based on the assumption that the after-tax values are concave 
functions of costs, just as the before-tax value. 

The first column gives the costs for which simulations were made. "Costs" means present value 
of costs, i.e.. C in equation (7). The resulting before-tax net value (before-tax profit) of the field 
is given in the first column. The maximum is reached for a cost of 1200. Both/this maximum and 
the numbers in the before-tax column can be calculated analytically from (8). Comparison of the 
analytical and the simulated before-tax values is a check on the correctness of the simulations. 

The results for the 1987 scheme is given in the third column. Blank entries were not simulated. 
The maximum after-tax net value is achieved at a cost of 300, with an after-tax value of 195. The 
before-tax optimal cost gives an after-tax value of -3. Column five presents similar values for the 
I960 scheme. The maximum of 100 is achieved at a cost of 150. 



Coats Pmfita 
Before 

tax 
After 
1987 

tax 

95% conf. 
interval 

for col. 3 

After 
1980 

tax 

95% conf. 
interval 

for coJ. 5 
100 
150 
200 
300 
350 
400 
600 

1200 

448 
535 
602 
702 
741 
774 
867 
948 

159 

188 
195 
194 
189 
163 

-3 

(147,172) 

(174,202) 
(180,210) 
(178,210) 
(173,205) 
(145,181) 

(-25,19) 

97 
100 
99 
85 

58 
1 

-237 

(87,107) 
(89,111) 
(88,110) 

(73,97) 

145,71) 
(-13,15) 

(-255,-219) 

All numbers in million $. 

Table 3: Before- and after-tax profits, 1987 and 1980 tax systems. 

This implies that the authorities probably achieved their 1986 goal of counter-acting the effect 
of reduced oil prices by making the tax scheme less demanding. This resulted in higher profits to 
the companies and a higher cost cf development. 

Column four gives estimated 95 per cent confidence intervals for the after-tax values of column 
three, and column six has the similar intervals for column five. These intervals are based on 
the maintained assumption that the random number generator produces independent, identically 
distributed random numbers. In spite of the high number of runs, the confidence intervals for 
costs between 200 and 600 overlap for the 1987 scheme. However, each simulation uses the same 
random numbers, so that there exists a frequency distribution of the 22 price increases for which 
the estimates are exact, and for which the estimates can be compared directly. In order to obtain 
better results, more elaborate or time-consuming methods have Co be used. 

Figure I reproduces the numbers of table 3, together with an intermediate case. That case 
concerns licenses for which the authorities' extraction permission was given before 1986-. For these 
the changes a and b above are not valid. The figure clearly illustrates that these two changes 
together made up most of the relaxation of 1987. For licenses that only were given the changes 
c-d, a cost of 200 gives the highest after-tax value. 

The figure also shows the before-tax value, with its maximum at a cost of 1200. A Bm.vti 
cash flow tax would give an after-tax value which is proportional to the before-tax value, -villi a 
maximum at the same cost. It is seen that all three tax schemes give severe distortions compared 
to a no-tax or a Brown-tax situation. Of course the distortion should not be measured along 
the horizontal axis, but along the vertical. If one accepts the no-tax situation as the relevant 
comparison, and if one assumes that company profits and tax income has the same weight in the 
welfare function, the relevant comparison is between the before-tax value at its maximum, which 
is 948 million S, and the before-tax value at the development plan chosen by the company. For 
the 1987 scheme, that plan has a cost of 300 and a before-tax value of 702 million $. The total 
ioss resulting from taxation is thus (948 minus 702) milHor S. 

Several simulations were made to highlight the sensitivity of the results to the numerical 
assumptions, and to analyze different elements of the tax system. Details are given in Lund [16] 
and in Hvldeberg and Langbraaten [12]. Only one more figure will be shown here, similar to figure 
1. but with some hypothetical, alternative tax systems. The before-tax values and the simulations 
for the 1987 scheme are the same as in figure 1. There is another set of simulation!, in figure 2 
in which the SPT. tax 4 above, has been dropped. In this case the after-tax value reaches its 
maximum of 442 million S a t a cost of 500. This shows that even chough there is a production 
allowance connected to this tax, the high tax rate interacts with the uncertainty so that it has a 
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Profits, 
billion S 

+ Before tax « After 1987 tax A After tax, "intermediate" 

t 1.2 

Costs, billion $ 

X After 1980 tax 

Figure 1: Profits as a function of scale of development. Before tax, and after tax for three different 
tax schemes. 



Profiu, 
billion 3 

I -
••• 

0,9 - + 
+ 

0,0 -
+ 

+ 

0,7 - 1-

0.6 -, • * • 

0,5 -

* a A a A 
0.4 -

a X X X X X 
A 

0,3 -
X 

X X 

; 
0,2 -

o o 9 0 
0 

0.1 -

ot\ - 1 •™r I - l~ I ! 1 1 1 
0 O.l 0,2 0,3 0,4 0,5 0.6 0.7 0,0 0,9 1 • 1,1 J,2 

Costs, billion $ 

* Before tax * After 19S7 tax 

A After 1987 tax, without SPT x After 50 per cent corp irate income tax 

Figure 2: Profits as a function of scale of development. Before tax, and after tax for three different 
tax schemes. 
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strong disincentive effect. Without tax 4 the company's optimal scale of development increases 
sharply» and the distortion in before-tax values is reduced to (948 minus 827) million S. 

Figure 2 also shows simulations for a simplified corporate tax at a rate of 50 per cent, instead 
of taxes 1 through 6. The result is lower after-tax values than in the previous case, mainly because 
the dividend deduction in tax 3 has been abolished. 

The sensitivity analysis can be summarized as follows: As one would expect, an increased v, 
the price volatility, increases the distortion from imperfect loss offset, as is clear from the example 
in (2). A different value of B, the elasticity of the production function, or of y, the rate-of-return 
shortfall, did not change the relative distortion much. 

The effect of changing the maximum debt/equity ratio was also analyzed. The maintained 
assumption was that the company would want this ratio as high as possible, constrained by a 
maximum number (of 3, i.e., 75 per cent debt financing) and by the reserve fund requirement. 
The reason for this assumption is Chat interest expenditures is deductible at the combined rate of 
taxes 2-4, exceeding 80 per cent. Borrowing from the owners of the company is more attractive 
than asking them for more equity. 

According to the assumption, reducing the maximum debt/equity ratio should reduce the after
tax value of the company. At this point the finding was the opposite of the expected: Allowing for 
a maximum of 50 per cent debt financing increased the total value of the company. The reason 
is probably the required accumulation of a reserve fund. This fund is only allowed to be very 
slowly decumulated. After the book value of real assets is written down to zero, companies end 
up with positive net financial assets equal to the fund. The interest earned is taxed at the same 
high rate of more than 80 per cent, and this is not desirable. A higher initial equity reduces the 
reserve fund requirement. This point was made by Stensland and Sunnevåg [29]. Unfortunately 
no exactly optimal financial policy was found. 

6 Discussion 

The assumptions of the analysis are rather stylized, and many arguments may be raised against 
their realism. But this kind of analysis is important in the discussion of various tax systems, 
and the method and assumptions should represent an improvement compared to those of many 
existing studies. More realistic descriptions of the production possibilities and of the price process 
can be accomodated. 

The previous section compared petroleum tax systems with each other and with a no-tax 
situation. Taxation theory tells us that there may be other relevant comparisons, [f the focus is 
on intersectoral efficiency, one may compare the petroleum tax schemes with that of othét sectors. 
A second question is to which extent the profit of foreign oil companies enter the welfare function. 
The opposite extreme view is that it does not enter at all, and the relevant numbers to compare 
are the Lax values. For the 1987 and the 1980 tax schemes, t.̂ e relevant tax values are (702 minus 
194) million S and (534 minus 100) million $, respectively. 

Furthermore one may ask whether the government values its tax claim in the same way as the 
oil companies do. It is an empirical fact that most oil-exporting countries are not well diversified. 
Their national portfolios contain disproportionately much oil. This means that their valuation 
tends to be lower than that of the companies.17 This does not affect the validity of the analysis of 
incentive effects of the present paper, but it raises questions about what conclusions governments 
are likely to draw from the analysis. 

Political risk is neglected in the analysis. Companies are likely to perceive risks of national
ization, regulation, and altered taxation. This perception is in itself a disincentive to invest. It is 
also one of the reasons why oil-exporting countries seldom sell unextracted reserves to foreigners: 
The buyers would calculate such risks into the price they are willing to pay. 

Monte-Cario simulation is used in a very specialized way in this analysis. Since the valuation 
of cash flows is based on an expectation conditional on an adjusted price process, the simulation 
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does not imitate reality. Compared to the assumed actual stochastic process, the simulated process 
puts too strong emphasis on the low outcomes for the price. Thus it has been important to model 
what happens to the company in case it runs a deficit, even if such deficits have Low probability. 
In general this may create difficulties with some schemes of taxes and regulations, since it may 
be necessary to write down equations to describe situations that have never occured, and that are 
unlikely to occur. 

7 Conclusion 

A workable method for the analysis of incentive effects of petroleum taxes under uncertainty has 
been presented. The main advantage of the method is that it concludes with a single number 
for the after-tax value of any development plan, and thus allows for a quantification of incentive 
effects for any given description of production possibilities. It is, however, not possible to describe 
tax effects under uncertainty by simple magnitudes independent of production possibilities, such 
as wedges in rates of return. * 

The theoretical basis is the contingent claims analysis from finance theory, which is applicable 
in particular to companies that are owned by well-diversified sharholders. It is not obvious that 
the tax authorities of poorly diversified countries should value uncertain income streams by the 
same method. 

The Norwegian petroleum taxation is shown to have strong distortionary effects compared to 
a no-tax situation or a cash flow tax. These distortions were reduced by the tax changes tSii 
followed the 1986 decreases in crude oil prices. A weakness of the model of the Norwegian system 
is that an exactly optimal financial policy for the company has not been found. 
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