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EXECUTIVE SUMMARY 

A tax is neutral in terms of efficiency if it does not affect marginal 
evaluations of consumers or firms. A tax system that fails to meet this 
objective will create distortions. Any distortion, caused by the tax system, 
that makes profitable projects unprofitable, and vice versa, might create a 
loss to the society. With this background the resource taxation system 
should seek neutrality. 

We find serious distortions when evaluating fields with uncertain income 
with the present Norwegian tax system. The tax system is not neutral 
(compare the first bar in figure 1 and 2 below). The size of the distortion will 
depend on the profitability of the project in question, the level of the 
companys' other activity and the stochastic representation of price. 

To circumvent these distortions we investigate changes in the tax system. 
We find that a simple rule, where 10% of the annual profit can be deducted 
from the before tax profit and allocated to a fund, should be a realistic and 
profitable tax change (compare the second bar in figure 1 and 2 below). 
This fund is reduced if profit is negative. When distributed to the owners the 
company pays 80.8% tax on this monoy. Compared to the tax on dividends 
of 53% (no state tax is paid on dividends) this makes the allocation rule 
unprofitable for companies which do not expect to run into a deficit with low 
prices. For the same reason this carry-back rule looks unprofitable in a 
deterministic model, when evaluating the expected present value of cash
flow to owners. Tnere should be few arguments from the government point 
of view, when using deterministic models, not to implement it. 
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Figure 1: Comparison of net present value of a field for the current tax system with results for different 
changes in the tax system. We here show after tax cash-flow for a company with medium level of other 
activity and with certain price. The discount rate is 12% (7% real). 
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Figure 2: Comparison of net present value of a field for the current tax system with results for different 
changes in the tax system. We here show after tax cash-flow for a company with medium level of other 
activity and with uncertain price. The discount rate is 12% (7% real). 
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1. INTRODUCTION 

This report is concerned with some effects of the Norwegian tax system on 
exploration for and development of petroleum deposits. 

The extraction of mineral rents is generally recognized as requiring some 
form of tax, charge, or fee in addition to ordinary corporate taxation. 

When taxes are levied on income rather than on economic profit, a wedge 
is driven between private benefits and social benefits. Firms will invest to 
the point where after-tax marginal net present value is zero, whereas the 
socially desirable level is generally the one at which the before-tax 
marginal net present value is zero. In a world of certainty, adjusting the 
depreciation rate is sufficient to remove the distortion. However, under 
uncertainty, the current tax regime with asymmetric treatment of gains and 
losses creates a bias against projects with high uncertainty in payoffs that 
cannot be removed simply by juggling the depreciation rate. 

We will investigate if the pre-tax optimal exploration plan differs from the 
after-tax company implemented solution under the Norwegian Petroleum 
Tax system. In addition we will analyse if some of the recent tax changes in 
the British tax-system can eliminate these possible effects. In doing so we 
must focus on the decisions made by the oil companies. The two most 
important decisions in the lifetime of a petroleum field are exploration and 
development. The tax system is typically unfavourable both to the 
company and the state if the company chooses a development solution that 
differs from the socially optimal one. The idea is that changes can be made 
that increase the total value and this increased profit can be divided by the 
parties. We ignore the incentives problems that can occur elsewhere in the 
economy from new profit distribution rules. This is not so serious here since 
there is a ring fence around a firms petroleum activity with regard to 
taxation. 

These decisions, exploration and development, are obviously not 
independent. A tax-system that results in a sub-optimal investment decision 
if exploration is successful also distorts exploration. Here we neglect this 
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dependence and assume that there is only one development plan. This is 
done to isolate the tax-system's effect on the incentives for exploration. 

We will focus on the exploration decision, both because it determines 
future development, and because a similar study which shows substantial 
distortion is done for the development decision (see Lund 1987). 

In section 2 we give a brief presentation of the Norwegian and the British 
tax-systems. In order to examine the incentives for exploration we need a 
detailed tax-model and a probabilistic model for the price of oil. Section 3 
summarizes some relevant literature on taxation of natural resources. The 
framework is given in section 4. Some tax-system improvements ars 
introduced in section 5. Section 6 contains the conclusions. 



PETROLEUM TAXATION SYSTEMS 

The Norwegian Petroleum Taxation system 

The exploration and development of off-shore petroleum in Norway is 
governed by the Continental Shelf Act of 1963, the Royal Decree of 1972, 
and the Petroleum Activities Law of 1985. Licensing is done by a 
discretionary system, the criteria including technical and financial 
competence, contribution to the Norwegian economy, exploiation program 
offered, and government participation offered. There are three main taxes 
levied on petroleum exploitation, namely royalties, the income tax, and the 
special tax. 

Royalties are based on the gross revenue at the production-area point of 
shipment. For licences awarded before December 1972, the rate is 10 per 
cent; for licences awarded since December 1972 a progressive schedule 
of royalty rates applies. The rates apply to the total production from a field. 
The tax is thus applied on a slab basis, not an incremental one. The rules 
also state that when production from a field declines, the royalty rate will fall 
as well, according to the schedule, except that it may not fall below 12%. 
On gas the royalty is fixed at 12.5%. For new fields (development approval 
since January 1, 1986) royalties are reduced to zero. 

Income derived from petroleum production and pipeline transport on the 
Norwegian Continental Shelf is subject to federal taxation. First, for income 
with no deduction for dividends 23% tax is paid, then, for income with 
dividends deducted 27.8% tax is paid - amounting to a maximum of 50.8% 
corresponding to Municipal and State Tax for other corporations. In 
addition there is a Special Tax of 30% on petroleum exploitation activity 
and pipeline transport. The special tax is levied on the income that 
provides the basis for companies' ordinary income tax to the state (2?.8%), 
but without any deduction for dividends and without any deduction for 
losses or deficits arising from any activity other than petroleum production 
and transportation. A special income deduction is allowed. For old fields 
(development approval before January 1, 1986) the deduction amounts to 
6 2/3% p.a. of the cost price of depreciable production facilities that are 
brought into ordinary use in the activity, and which have been acquired 
before the beginning of the year. 
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in 1975 the Norwegian government introduced a tax package which 
maintained the royalty provisions described above but substantially 
changed income taxation. The 1975 Act introduced allowances which 
apply equally to both income taxes. Deficits may be carried forward for 15 
years. For other tax-payers the carrying forward period is 10 years. 
Deductions for deficits in any one year were limited to one third of the 
deficits for preceding years. The right to claim deductions on off-shore 
income for deficits from other activities was limited to a maximum of one 
half of such deficits in calculating the (then 25%) Special Tax. Had the 
1975 Act not stipulated this restriction, companies would have an incentive 
to Invest in non-shelf activities, and tax revenues from North Sea 
exploitation would be postponed. 

The 1975 Act also introduced special depreciation provisions for North Sea 
operations. The normal depreciation allowances were considered too 
restrictive for the size of investments and risks incurred in the North Sea, 
and the additional or initial allowances available in existing income-tax 
legislation were not considered suitable. Accordingly, new provisions were 
introduced. These stated that deductions for capital expenditure incurred in 
production and transport facilities could be claimed to the extent of 16 2/3% 
per annum from the date at which the assets were brought into use. There 
is no ring-fence around each field in Norway, but this provision produced a 
rather similar effect. When an enterprise was in receipt of income from a 
field in the North Sea and was in a tax-paying position, it could not 
immediately set depreciation allowances relating to a new field against the 
income from its existing operations; such offsetting was not allowed until 
production from the new field started. 

The most widely publicized innovation in the 1975 Act was the Special Tax, 
which applies only to off-shore operations. By introducing this tax, the 
companies' marginal tax rate was raised from 50.8% to 75.8%. A tax-free 
allowance of 10% of purchase price of installations and equipment - uplift -
was granted for 15 years. The real tax-rate for the period 1975 to 1980 
was approximately 68-70%. 

After the sharp increase in prices of crude oi! in 1973, the prices of 
petroleum settled at a relatively stable level up to 1979. In the course of 
1979-80, the prices of crude oil again showed a dramatic rise. This 
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development meant a very sharp rise in the real prices of crude oil, which 
by far outweighed the small reduction in real prices during the 1975-79 
period. 

This sharp increase in expected profits was the reason why the Royal 
Ministry of Finance decided to reconsider Norwegian petroleum taxation. 
The ministry's aim was primarily to ensure that Norway would receive a 
larger share of the increased profits than what would follow from ihe tax 
provisions in force - or, as expressed for t ra proposal of the relevant 
Parliamentary Act; "to provide Norway with its due share of the petroleum 
income". 

In June 1980, the fiscal system in Norway was revised, with changes 
mainly relating to the Special Tax. The rate was increased from 25% to 
35%. In addition, the special allowance in any one year was reduced to 6 
2/3% of accumulated investment over the previous 15 years. It was made 
clear, however, that the equivalent of 100% of capital costs would always 
be allowable over the life of a field even when strict application of the rula 
would not suggest eligibility for such a total; this was a concession to help 
short-lived fields. A further change stipulated that all losses would now be 
eligible for write-off whenever sufficient income became available. There 
was a change concerning the tax-credit - before 1980 a lag of around 12 
months occurred between the liability for these taxes and their actual 
payment; this lag was reduced to 6 months. 

In the summer of 1986 major concessions were made in the fiscal system. 
From January 1, 1987, the rate of the Special Tax was reduced to from 
35% to 30%, and as of that date depreciation, for both Special Tax and 
income tax, commences from the time the expenditure is incurred. Uplift is 
no longer available on capital expenditure after January 1987, but as a 
transitional measure, uplift on past expenditure continues according to the 
old rules. For new fields ( development approval since January 1, 1986) 
royalties are reduced to zero. Further, for the Special Tax on new fields, a 
production allowance equal to 15% of gross production value was made 
available. 

Further information on the Norwegian Petroleum Tax system can be found 
in the publication "DnC Oil Now •• Petroieum Taxation in Norway" (1986). 



The most recent changes in the tax system are described in Ot.prp. nr. 3 
(1986-87), "Changes in the law of June 13 1975 {no. 35) regarding taxation 
of subsea petroleum resources". 

UK Petroleum Taxation 

To date, licence awards have mainly been made on a discretionary basis 
in the United Kingdom, although a limited auction of licences was held in 
1972. More recently a number of licences have been awarded by way of 
auction in each of the Seventh, Eight and Ninth rounds. 

In examining requests for licences, the UK government concedes the 
applicant's work programme for the area, its technical and financial ability 
to carry it out and other related matters. When applications from consortia 
are being examined, the extent of participation of companies under UK 
control is an important factor. 

License terms require the payment of royalty of 12.5% of hydrocarbons 
production together with rents. In order to encourage field developments 
the Government in 1983 announced that it would waive royalty payments of 
fields developed after that time provided they lay off-shore and outside the 
southern North Sea area. Most licensees have to drill a specified number 
of exploration wells within a given period. For Fifth and Sixth round 
licences, the government held a 51% equity interest through BNOC or the 
BGC. For subsequent rounds this policy was modified to give BNOC the 
right to purchase up to 51% of the petroleum produced. 

Special taxation of petroleum exploitation in the United Kingdom dates to 
1975, when the Oil taxation Act was passed. This act ensured that three 
different taxes would be imposed on North Sea oil exploitation. The first 
was the traditional royalty which accrued to the United Kingdom as 
landlord, the second was the Petroleum Revenue Tax (PRT), and the third 
was normal corporation tax(CT). 

The Petroleum Revenue Tax is levied on a field-by-f'eJd basis. The original 
tax rate was 45%, and the base was gross revenue minus the sum of a 
number of allowances. The allowances were accrued field losses, 
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operating costs, royalties, 175% of the main field capital costs, field related 
exploration costs, and an oil allowance equal to the value of 1 million 
tonnes of oil i.i any one year, but with an upward accumulated limit of 10 
million tonnes. Interest on loans was not allowed as a deduction, and as 
compensation for this the so-called "uplift" of 75% of capital expenditure 
was allowed on a 100% first-year basis. 

The uplift and oil allowance were designed to give particular help to small 
and less profitable fields. Further help was provided by the safeguard and 
tapering (or annual limit) provisions. In broad terms these state that if gross 
profits in any year are less than 30% of accumulated field investment, the 
PRT becomes zero; and the maximum PRT is 80% of the excess of gross 
profits over 30% of field investment. 

Because of very heavy front-end reliefs, the first payment of PRT was not 
made until 1978. In July of that year, the Labour Government, having 
become increasingly concerned that at a time of falling real oil prices PRT 
as the special oil tax was not producing the intended yield, issued a Green 
Paper outlining proposed changes in the PRT. The changes were enacted 
in 1979 by the Conservative Government. Coincidentally, oil prices had 
begun a series of leaps and bounds which took the price per barrel from 
about $15 in early 1979 to $35 by mid 1980. 

The PRT rate was increased from 45% to 60% from January 1, 1979. Uplift 
was reduc9d from 75% to 35% for expenditure incurred under contracts 
made after December 31, 1978. The oil allowance was halved to 500,000 
tonnes per year and to 5 million tonnes per field from January 1, 1979. As 
of November 1979, in the Petroleum Revenue Act of 1980, the dates of 
payment of the PRT were advanced by two months. The second 
acceleration device was advance payment of PRT. For the chargeable 
periods for which the provisions remained in force, from January 1, 1981 to 
June 30, 1983, a participant was required to make an advanced payment 
at the time when the payment on account for the previous period was due, 
that is, two months after the end of that period. The amount of the advance 
was 15% of either the payment on account or the tax assessed for the last 
but one chargeable period, whichever was greatest. In the Finance Act of 
1980, the rate of PRT was increased to 70% effective January 1980. 
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Major government concern about some features of the oil taxation regime 
was reflected in 1981 legislation. PRT was judged to be insufficiently 
sensitive and responsive to increases in oil price, and at the same time 
generous front-end reliefs delayed tax liabilities. The 1980 acceleration 
measures provided only a oartial solution, and a production levy was 
therefore introduced. A Supplementary Petroleum Duty (SPD) was 
charged at 20% of gross production, less an exemption allowance 
equivalent to about 20,000 barrels per day, and was deductible in 
calculating profits for PRT and CT purposes. As a further aid to 
advancement and "smoothing" of government revenues, a system of 
advance payment of SPD was introduced. SPD was disliked by the oil 
industry. It represented a fourth tier of oil taxation, in addition to royalty, PRT 
and CT, and since it was not profit based it did not discriminate between 
profitable fields, which had paid out, and those which were just 
compensating production; and it had a substantial impact on company 
cash-flows. It was imposed initially for three periods only, beginning with 
the chargeable period ending 30 June 1981; in any event it ran for a fourth 
period before repeal and replacement by Advance Petroleum Revenue Tax 
(APRT). 

For some time the Government had also been concerned about the 
possibility of "wasteful expenditure", that is the scope to spend money in 
particular forms and at particular times in such a way as to achieve more in 
terms of tax relief than the expenditure itself. Changes to some of the PRT 
allowances were introduced in the 1981 budget. From January 1981, the 
35% uplift on capital expenditure has been restricted to expenditure 
incurred up to the time when cumulative incomes from a field first exceed 
cumulative outgoings (field payback). For the purposes of this calculation, 
outgoings are defined to include any uplift on capital expenditure. 
Expenditure incurred after this cut-off will not attract uplift. 

The announcement of the abolition of SPD was accompanied by the 
raising of the PRT to 75% and by the introduction of APRT. The APRT 
was to be levied in exactly the same way as the SPD, with a rate of 20% 
and a base of gross revenue minus an allowance of 1 million tonnes per 
year. The tax would thus take effect from the first day of produc.'on. 
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Payments could be creditable against normal PRT. APR r payments would 
be included as deductions in computing the payback period for a field. In 
the budget of 1983 plans were announced to phase out the APRT. The rate 
was reduced to 15% for the period July-December 1984, 10% for 1985, 
and 5% for 1986; the tax was abolished at the end of 1986. 
In the 1983 budget further major PRT concessions were made. Up to 1983, 
exploration costs had to be accumulated and could be set against income 
only from the field to which the exploration related. Only if the exploration 
was clearly abortive could the costs be set against other income for PRT 
purposes. Since 1983 exploration costs can immediately be set against 
any other PRT income and are deductible on a 100% first year basis. In the 
1983 budget the oil allowance for new fields was doubled to 10 million 
tons, with a maximum of 1 million tons being deductible in any one year. 

In the Finance Act of 1987, a further break in the ring-fence was introduced 
for fields outside the southern sector. The investor now has the option of 
utilizing a new cross field allowance, equal to 10% of development costs 
prior to field payback and applicable immediately against PRT income from 
other fields. No uplift is available on the expenditure to which the 
allowance relates. A further concession permits research and development 
costs not related to a specific field to be deducted from any PRT income 
after a three-year period. 

Further extensive background material on the UK tax system can be found 
in Bland (1984) or the Price Waterhouse publication "United Kingdom 
Taxation on the Profits from North Sea Oil" (1984). 
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3. NATURAL RESOURCE TAXATION AND INCENTIVES, 
A REVIEW 
An important issue in economics is the distortion created by various tax-
systems (see e.g. Sandmo 1980). This includes the impact of both personal 
and cooperative taxes on consumers and firms. A tax is neutral in terms of 
efficiency if it does not affect marginal evaluations of consumers or firms. It 
is easy to show that both a cash-flow tax and a tax on profit are neutral. 
Both of these tax-systems will however involve serious problems when 
introduced in practical situations. The cash-flow tax will give a negative tax 
in years with negative profit. It is indeed difficult to imagine this tax-system 
for the economy as such. The simple argument that any firm investing in 
any project is entitled to a direct payment from the treasury shows, in our 
opinion, that this is an unsuitable system for practical purposes. In an 
isolated industry however, such as off-shore oil-field exploitation, it is 
possible to give licences only to relatively large established companies. In 
fact, the direct state participation in the North Sea is a kind of cash-flow tax. 
So, if all other taxes are removed this is a neutral tax-system. 

For the corporate tax to be neutral it is sufficient that the governments 
portion is a fixed fraction of the present value of profit. Under uncertainty 
this profit might be negative which in its turn involves direct government 
payments. There is a vast a literature on the neutrality of different corporate 
tax schemes. Most of these models (see e.g. King 1977 and Stiglitz 1973) 
do not incorporate uncertainty. Their major concern is the intertemporal 
allocation of taxes versus income/cost, e.g. depreciation allowance rules. 

There are, within economic theory at least three different ways to evaluate 
the effect of taxes on risky projects. First of all the difference emerges from 
different views in evaluating such projects. Some authors see e.g. Sandmo 
(1971) assume that the firm maximizes expected present utility for each 
project. They neglect the fact that the firm might increase its utility from 
diversification in the market, although Sandmo mentions a model where 
firms might have several products or assets as a possible extension. The 
same framework is related to natural resource extraction in Sunderesan 
(1984), Black et al. (1982) and Thon and Torlund P. (1987). In the latter 
paper they examine the effect different tax systems have on the firms 
decisions under some weak assumptions about the firms utility function. 
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The important concept, resource rent tax, introduced by Garnaut and 
Clunies Ross (1975), (1979) and (1983) is widely accepted as an aim for 
petroleum taxation. When lisences to exploit a common natural resource 
are given to a firm, the society should impose a tax system which assures 
an efficient extraction and which captures the pure profit which belongs to 
the owner of the deposit, the resource rent. It is relatively easy to construct 
tax systems which follow these lines when the future profit is known. When 
we introduce uncertainty it turns out that any known resource rent tax-
system is unable to tax the pure profit, simply because it is not well defined. 
Garnout and Clunies Ross do not present a formal model of the firms 
decisions under uncertainty. Their verbal discussion shows however that 
they assume that firms are averse to dispersion in profit, thus neglecting 
financial instruments to reduce systematic risk and any project 
diversification. 

In the finance literature the investment opportunities are valued at their 
market value. Here an important assumption is that there is a market for 
any project and any future claim on the income generated from the project. 
Given that markets are efficient there is no way to make a risk free return 
which exceeds the risk free interest rate in the market. An important model 
within this framework is the Capital Asset Pricing Model (CAPM) (Sharpe 
1964, Lindtner 1965 and Mossin 1966). This model concludes that the 
return on any risky asset is a function of the correlation between the return 
on this project and the market portfolio. This is the point of departure in 
Lund (1987). We will return to Lund and taxes valued as contingent claims 
in the next section. 

The CAPM has an appealingly simple intuition but its after tax companion 
is by no means simple. In this model firms are represented purely as 
assets. Individuals hold assets and are the natural tax base. But all 
proposed natural resource tax-systems use the firm or the project as their 
tax-base in addition to personal taxes. In addition individuals face different 
tax-rates. The most important subject of this report is: do firms act in the 
interest of the society? This question is difficult to answer using an 
equilibrium model without some strong assumptions about the firm's 
behaviour. For any non-trivial tax-system the different owners will have 
different views concerning the firm's best strategy. Even if we assume that 
all personal taxes are a fixed proportion of all costs and income (negative 



taxes in the case of costs) the problem of how the benefit from these taxes 
is distributed to the consumers remains. It is reasonable to assume that 
social security systems etc. will affect the expected utility of the relatively 
poor consumers more than the relatively rich ones. Therefore we might say 
that when introducing taxes this will influence their attitude to risky projects 
not only since profit is taxed but also because taxes are distributed to 
consumers. 

Some attempts to extend the CAPM to include personal taxes are done. 
Constantinides (1983) introduced a tax system where all taxes are paid 
when the assets are sold. 

It is important to be aware that a study of optimal taxation (see e.g. van 
Long and Sinn 1984) involves more than tax incentives. It is well known 
that different tax systems create different incentive problems but any effort 
to reduce these problems might have a negative effect on the total output of 
the economy. This follows from the fact that the economy consists of many 
different industries, firms and consumers. A more favourable tax system in 
one sector might lead to extensive investments in this sector compared to 
others. This might affect the tax-base in other industries. In addition it 
affects consumption and savings. We have chosen to look upon the 
Norwegian oil sector isolated from other Norwegian industries. Any tax 
change which creates increased investment is assumed to attract foreign 
capital and will leave the rest of the Norwegian economy unchanged. This 
is a somewhat unrealistic view but it is found to be the only feasible 
assumption within the objectives of this project. To model cross effects is 
extremely difficult. 

Taxes valued as contingent claims 

Some authors value taxes as contingent claims. They assume that the state 
has a claim in every investment contingent on prices and costs. 

The Norwegian petroleum tax system valued by financial instruments is 
done in Lund (1987) and (1989) and Hvideberg ano Langbraaten (1989). 

This chapter is based on Lund (1987) and (1989). 
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The underlying assumptions in contingent claims analysis are that financial 
markets are well developed, and that firms maximize their market values. 
The absence-of-arbitrage method for pricing of contingent claims is used to 
value the tax claim and thereby the company's after-tax claim. 

The analysis is partial, disregarding the effects of taxes on product prices, 
the interest rate, and on rates of return on risky financial assets. 

Ball and Bowers (1982) analyzed the resource rent tax proposed by 
Garnaut and Clunies Ross (1975). Majd and Myers (1985) considered US 
corporation taxes, in particular carry-back and carry-fr: ward provisions. 
MacKie-Mason (1986) dealt with the US taxation of resource extracting 
companies. Cavoulacos (1987) discussed various tax schemes for 
resource extraction. Jacoby and Laughton (1988) looked at UK taxation of 
off-shore petroleum projects. All of these authors used the analogies 
between taxes and financial options. 

The core of Lund's analysis is that under uncertainty such tax claims create 
an unlinearity in the after tax profit compared to the pre-tax profit. In very 
unfavourable outcomes no tax is paid and in more favourable outcomes up 
to 80% of the profit is payed in taxes. Moreover this discriminates against 
projects with a large upfront investment. 

Obviously more upfront investment increases the probability of losses for 
the total venture. And since the state pays none of these costs, the 
developer will seek to reduce investments. He shows that the present tax 
regime in Norway creates a very significant loss in total expected present 
value in some cases. Lund assumes that the developer will choose the 
development plan that gives the highest after tax profit. 

In addition there exists a continuously functional relationship between 
investments and production. Lund focuses on the development decision. 
Given an oil-field the owner can choose between several development 
plans. More upfront investment will increase production capacity and will 
give greater income. In a deterministic-model without taxes the firm will 
choose a development plan such that the cost of increased investments 
equals the value of the increased production. Next he introduces several 
tax-systems. Of interest is the present Norwegian tax-system. He shows 
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that even if the companies can carry forward the nominal value of all 
losses, this tax-system distorts the development decision, if the price of oil 
stays low for some years the company might accumulate losses which 
remain unused when the production from the field stops. In this way it is not 
unlikely that the company will lose the tax reduction claim. The probability 
of this happening will decrease if the investments are decreased. Hence, 
there are incentives to decrease investment. Total investment is smaller 
and total profit decreases. This decrease is the value lost from the 
distortion. 

Lund (1987) uses the production function, 

Q = ACB, (3.1) 

where Q is a measure of quantity, C is a measure of costs, A and B are 
parameters, A>0, 0<B<1. The latter assumption implies that there are 
decreasing returns to scale for alternative development plans for any given 
field. 

The total costs, C, over the life-time of the field are measured as a 
discounted present value. The development plan is totally non-flexible, 
and there is no need to distinguish between variable and fixed costs. The 
cost measure, C, includes all costs. 

The total quantity. Q, is measured as an adjusted present value divided by 
the oil price at time zero. The total adjusted present value of the field is thus 

Fl = PrjACB - C (3.2) 

where Po is the price at time zero. 

In absence of taxes, the company would simply maximize profits by setting 
the first order derivative of (3.2) with respect tc C equal zero. 

The different development plans are obtained by scaling costs, i.e. all kinds 
of costs in all years, up or down by the same factor. The quantities qi, 
Q=eqt, scaled up or down with another factor, given by (3.1), the same for 
all years. 
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The data for investment cost profiles, operating cost profiles, and clean-up 
costs were calculated from data on 33 oil-producing fields in the British and 
Norwegian sectors of the North Sea. Lund finds the following average 
profiles: Investment, 7, 16, 16, 16, 13, 11, 7, 5, 4, 3, 2 which sums to 100. 
And operating costs: 3, 5, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 6, 5, 5, 5, 5 which again 
sums to 100. 

The time profile of extraction, normalized to a sum of 100, was set to 3, 7, 
10, 10, 10, 8, 7, 6, 5, 5, 4, 4, 3, 3, 2, 2 ,1. This represents a typical build-up, 
plateau period of production, and exponential decline due to falling 
pressure. The value of B is set to 0.55. This is the inverse of the elasticity of 
the cost function which was estimated in Lund (1984). 

It remains to set the multiplicative constant term, A, that is, in effect, to 
choose the size of the field. He chooses A such that the before-tax optimal 
field development has costs C=4.0 billion year-zero US dollars, with 
Po=$15. The real risk-free interest rate is set to 3% per year. Inflation is set 
to 5% per year. Lund uses an assumption of constant convenience yield. 
From empirical data he finds this assumption unrealistic but sees no other 
simple alternative. This is confirmed by Brennan (1989), where he rejects 
the constant convenience yield assumption in a vast number of 
commodities markets. Lund estimates a convenience yield at 4%. This 
convenience yield is a measure of the difference between the future price 
of oil compared to the spot price and the interest rate. If the convenience 
yield is zero the future price equals the spot price escalated with the risk-
free interest rate. Hence when using a convenience yield at 4% and a risk-
free interest rate at 3% he implicitly allows the expected real price of oil to 
decline by 1% each year. 

He estimates the standard deviation in ln(Pt/Pt-i), where the time-step is 
one year (see 4.3), to 0.37 on monthly data over the period July 1973 -
March 1986. The company is assumed to own 30% of the shares in the 
field. In addition he assumes that the company has a debt/equity ratio of 
0.75. The valuation is done under four sets of assumptions, called cases 1-
4. In case 1, the company has shares in two other fields, and the 
development of these started ten and five years respectively; before the 
field under consideration. The development plans for the two other fields 
are kept fixed. The purpose of including those fields, is that in this way, the 
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company for many oil price profiles will be in tax position when the new 
field has negative cash-flows. This makes the carry-forward of losses and 
uplift unnecessary, and the after-tax value of the new field increases. The 
choice to be analysed is which scale of development of the new field the 
company would want, given that it already has shares in the other fields. 

He finds that the optimal pre-tax development solution is C=1200 and that 
the optimal after tax development solution is C=200. The before tax 
adjusted expected present values of the two development solutions are 
982 and 614 respectively. Hence, the expected loss is $368 mill in 1986 
terms. 

Lund uses from 1000 to 15000 simulations. Even for the the case of 15000 
simulations the calculated expected present value will have a significant 
standard error. Based on his confidence interval we might conclude that 
the probability for this loss to be less then say 200 is small. 

In the second case the assumptions are the same except that the company 
has no other activity. The after tax values drops, but the after tax best 
development solution is still C=200. Therefore the size of the distortion is 
the same in case 1 and 2. Lund examines two more cases with slightly 
different assumptions about the production function and the convenience 
yield. Both cases give significant distortions. 

There are two arguments to defend the present tax-system against Lund's 
examples. First both the stochastic process used to describe the oil price 
and the chosen standard deviation in the process are such that the 
"probability for ruin" is significant. We will us3 a mean reverting price 
process in addition to the process used by Lund. 

The second problem is who will actually decide which development 
solution to choose? If for instance the state uses its voting and legislative 
power to decide the development decision this distortion will disappear. In 
this report we show that the same type of model can be used to evaluate 
the exploration decision. In a way a distortion of the exploration decision is 
more crucial both because exploration serves as a means of updating 
information and is less subject to direct control. The state can not force any 
company (except Statoil) to apply for exploration licences. 
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On the other hand Lund shows both by intuitive arguments and by detailed 
calculation that the present tax system gives incentives to under-invest in 
oil fields. 

3.2 Exploration and taxation 

In this report our basic concern is how exploration decisions are distorted 
by taxes. Exploration for resource oeposits serves two purposes. It 
generates information and it expands existing production capacity ( see 
e.g. Gilbert 1976 or Uhler 1979). There are significant problems at this 
level. The market offers no direct compensation for the information 
produced in the process of exploration. Moreover, exploration is risky and it 
may benefit parties who do not pay a fair share of the cost. Also, the private 
speculative value of information may differ from its social value. Thus the 
private effort going into exploration may not equal the social optimum. 
Flåm and Stensland (1985a and 1985b) argue that the Norwegian 
petroleum tax system is distortionary with regard to the order in which 
prospects are explored. At that time the tax system included a carry of the 
states' exploration costs. Foreign companies paid more of the exploration 
costs than their share in the field, and thus, discriminated against risky 
ventures compared to less risky prospects. 

This rule is changed for new licenses. In the present tax-system all 
participants pay their fair share of exploration costs. But the problem is not 
entirely removed, since the carry provision still exists on some old licences. 

In some old licenses there is a sliding scale of state participation. Tho 
fraction of a deposit allocated to the state may be adjusted upwards in 
cases where great reserves are being discovered. This regulatory scheme 
will certainly influence the attractiveness of different prospects for 
exploration, and thus affect the incentives for exploration. 

Another problem which is less known, but vital to the after tax economics of 
exploration, is the tax systems incapability to tax profit. In some price 
scenarios the field will have a negative expected profit. This loss is 
deductible off other income. But, if there is no such other income the 
company must take the full loss whereas the profits of good outcomes are 
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taxed. This will in its turn discriminate between exploration alternatives. 
And even more important it will make some prospects unprofitable. In this 
report we show that this is likely to happen even for relatively piofitable 
fields under various assumptions about the price, and the firm's total 
activity level. 
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4. THE FRAMEWORK FOR ANALYSIS 

Oil companies may deduct exploration costs against current income. It is 
therefore vital to the after tax profit whether the company has other income 
or not. The probability for unused tax credit implies that the companies take 
a greater share of the risk than the state. Remember that even big 
companies will run into a deficit if the price falls substantially. Some 
government officials argue that state participation reduces risk for the 
company. We quote Ervik at the international North Sea Oil nnd Taxation 
Conference in Amsterdam 1989: 

"We (the state ) take the most of the risk, so companies should stop 
talking risk and --tart talking business." 

We argue that state participation reduces the scale of the project and can 
be compared to a situation where one brings in a new partner to finance 
some venture. This is, under the assumption of efficient capital markets, 
not very interesting. If the project is profitable it will always be possible to 
bring in others, and it will not reduce the project risk relative to your 
investment. It is likely however that the tax system as such increases the 
relative risk of the project. A possible definition of relative risk is the 
standard deviation of the outcomes divided by the expectation. This 
measure implies that the expected profit is positive. If the expectation is 
less than or equal to zero the rick is infinite (the project is unprofitable for all 
reasonable utility functions). 

In order to model the importance of other income we will introduce a 
variable which represents the companys' profit from other activity as a 
function of price. We assume that the company has some profit l| in period t. 
This profit is a function of the oil price Pt. Here we use the function 

lt = aPt - b (4.1) 

which simply says that profit from other activity is a linear function in price. 
Observe that It is a stochaatic variable which is a linear transformation of 
the stochastic variable Pt. The price Pt is used to evaluate the exploration 
activity as a function of price, hence we introduce no additional uncertainty 
in the income stream. 
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It is a problem to model a companys' future actions. Obviously the 
company can adapt to unfavourable price developments. This leads to the 
theory of optimal decisions under uncertainty. The company will at each 
stage optimize on the decisions at that stage assuming that decisions are 
optimized in the next stage as well. This way of modelling gives very 
different results in many situations where important variables are uncertain 
and the project is flexible. See Bøhren and Ekern (1985), Ekern(1988), 
Olsen and Stensland (1988) and (989). These problems involve rather 
complicated models. In some situations it might be impossible to solve for 
the optimal policy. This leaves us with two different choices of method for 
this analysis: 

A simple tax system and stochastic optimization. 

A detailed tax system and Monte-Carlo simulations. 

We have chosen the latter alternative. The Norwegian tax system is already 
implemented on our cash-flew model MECCA. This model, which has been 
used since 1980 by several clients, is very detailed. We will consider a 
case where it is relatively realistic to assume that decisions are fixed. Given 
that the development decision is undertaken, then the most important 
decision affected by the price is the shut down decision. It is unrealistic to 
assume that the future price path is known when this decision is taken. 
Nevertheless this effects both the pre-tax and the after tax decision and our 
guess is that it has only minor effect on the incentives to explore. 

Price: 

We assume that the oil price can be represented by a Markov-process. For 
any given price there exists a known probability distribution for the price in 
the next stage. We set each step equal to one year. This is done because 
all taxes are calculated on an annual basis. 
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Geometric Random Walk: 

It is important how the price is modelled in this framework. Most authors 
use a geometric process for this price. This is a continuous process which 
obeys the stochastic differential equation 

dPt/Pt = adt + odBt (4.2) 

where Bt is a Brownian motion, a is the trend in price and a is the standard 
deviation. 

If the price follows (4.2) we can apply well known theory to solve the 
problem of how it should be discretizised, see e.g. Stensland and 
Tjøstheim (1989). They solve the problem of when to invest in a copper 
mine using the example of Brennan and Schwartz (1985) and the risk 
neutrality approach of Cox and Ross (1976). In addition they find evidence 
for other stochastic processes which can be introduced in this model. 

A discrete analog model to (4.2) is 

InPt = lnPt-1 + a - 0.5a2 + et (4.3) 

../here the trend a, and the standard deviation o, of the normally distributed 

variable et, can be estimated from data. 

In the simulations we start out with the price Po = $18/barrel. Next we find 
InPi = In18 - 0.5(0.37)2 + e, where e is drawn from a normal distribution 
with standard deviation equal 0.37. The standard deviation for this price 
process is given in Lund (1987a). He uses monthly prices for the pe iod 
July 1973 to March 1986 and finds .37 for the yearly standard deviation. 
He finds this period representative. It follows from the mathematical 
properties of the problem that more uncertainty, i.e. greater standard 
deviation, decreases after tax profit. 

There is no way to prove that the price follows (4.2). Although many authors 
use this process it has some obvious weaknesses. It omits some important 
features of the price mechanism. It is likely that a stable low price will be 
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followed by a higher price. This follows from the fact that low prices 
increase demand and increased demand will increase price. 

Mean-reverting processes: 

With this background we will use an alternative representation of the price. 
We will introduce a so called mean-reverting process (see e.g. Pindyck 
1989). We assume that there is some long run equilibrium price path. Price 
varies stochastically around this price. If current price is below the long run 
equilibrium price there is a positive trend in price and vice versa. 

A mean-reverting process will obey the stochastic differential equation: 

dPt / Pt = a(Pm-Pt) dt + odBt (4.4) 

where P m is some long run middle price. The parameter a indicates the 
speed by which the expected price moves towards P m from any other price 
and a is the standard deviation. 

It is not obvious how to transform (4.4) into a discrete-time model. Instead 
we have chosen to use the discrete-time stochastic model below directly: 

inPt = alnPt-i + (1 -a) lnPm + e . (4.5) 

It is easy to estimate the parameters in the above model from data. The 
only problem is that we lack credible observations. It is unlikely that the oil 
market is unchanged over the period where the oil price can be observed. 
Because of this we have chosen the period from 1979 to 1988, and find 
that reasonable estimates for a and o are 0.825 and 0,235 respectively. We 
are aware that this period is to short to claim that our estimated values are 
representative. The purpose here is simply to show that the mean reverting 
property will have a significant impact on the after tax values of the field. In 
addition we argue that a Pm equal to $18/barrel will represent the most 
common beliefs regarding a stable long run price. Any other average price 
will introduce a trend in price when this example is compared to the 
previous example for the same initial price $18. 
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We find the price in year 1 using the following formula: 

ln(P1) = ln(18) + e 

where e is normal distributed with mean zero and standard deviation 
0.235. For any outcome of P-i, say 20, the price in the next year is given by: 

ln(P2) = 0.825ln(20)+0.1757ln(18)+ e 

We proceed in the same way to find the next price and so on. 

Simulation: 

To illustrate how price will evolve over time as new prices are drawn we 
give an example where the distributions are given a discrete form. 
Consider the process given in Table 4.0. 

Table 4.0: A markov-process for the oil price. 

Next period price 
This period price $10 $15 $20 $25 $30 

$10 0.8 0.1 0.1 
$15 0.1 0.8 0.1 
$20 0.1 0.8 0.1 
$25 0.1 0.8 0.1 
$30 0.1 0.1 0.8 

Assume that the initial price is PQ =$15. A price is drawn from the 
distribution (0.1,0.8,0.1) for the outcomes ($10,$15,$20) respectively. Given 
that Pi= $20 then P2 is drawn from the distribution (0.1,0.8,0.1) for the 
outcomes ($15,$20,$25) and so on. An example of some scenarios drawn 
from a geometric random walk price process is shown graphically below. 
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Different random walk price draws 
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Figure 4.0: Outcomes of a geometric random walk price process for period 1 to 25. 

An example of some price scenarios using a mean reverting price process 

is shown graphically in figure 4.1. 

Figure 4.1: Outcomes of a mean reverting price process for period 1 to 25. 



For any representation of the price given above we perform the calculation. 
We assume that a field at the size of Draugen is found and developed. 
Field data is shown graphically below. 
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Figure 4.2: Field data. 

In this way we find the value of the field given that there is a find. If the field 
is profitable before tax and unprofitable after tax we can conclude that 
exploration is unprofitable, in this way the analysis is relevant for both 
exploration, and for development of fields already discovered. 

Results from analysis of present tax system 

Based on simple arguments we know how the tax-system will influence 
expected profit when price uncertainty is introduced. As we have stated 
several times already, profit is taxed at a higher rate then the government 
share of deficits, and this lowers the after tax profit when uncertainty is 
introduced. What we do not know is to what extent this will influence after 
tax profit. There is only one way to answer this question, i.e. realistic 
examples. 
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We will measure the profitability of the project using two different variables. 
That is, the after tax cash-flow and the cash-flow to the owners. 

The after tax cash-flow in any year is defined by: 

Gross cash-flow 
taxes paid 

When calculating this variable we have not included the interest earned on 
money withheld in the company. We assume that the withheld amount is 
invested in other projects. This applies to a situation where the company at 
hand is a branch of a foreign company. The excess cash is then loaned 
back to the mother company and invested elsewhere. For tax purposes this 
money will earn some interest. This income is taxed at a rate of 80.8% 
including special tax. The reason for not including the interest income in 
the after tax cash-flow is that some money would then be counted twice. 
First in the year it is earned, and next in all years where it is held back and 
earns interest. On the other hand we argue that using this after tax variable 
overestimates the value of the project, since it disregards the 
disadvantages of holding the money in a tax regime which taxes interest 
income at a rate of 80.8%. 

The other interesting variable when measuring the profitability of the 
project at hand is the cash-flow to the owners. 

Cash-flow to owners = Dividend 
15% tax on dividend (source tax) 
increases in equity capital (increases in 
share capital or reserve fund payed by the 
owners) 

+ decreases in equity capital (decreases in 
share capital or reserve fund payed to the 
owners) 

Here interest earned on money held back is included in the tax base. This 
variable is more correct from an academic point of view. The tax-rate of 
about 80% on all income (even interest) for the companies in the sector 
makes it important to pay dividends. The usual assumption that stock-
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holders should be indifferent between dividend and money withheld in the 
company do not apply here (see Stensland and Sunnevåg, 1989). 

On the other hand many companies find the other variable, the project 
cash-flow after tax, more relevant when evaluating profitability. One reason 
for this is that they look upon this variable as representing the true 
profitability of the project as such. How to finance the project and how to 
reinvest the money earned in this project is another issue. 

When evaluating the government take of this project there are no such 
problems. Here we include taxes on interest income, and the cash-flow to 
the state in any year as simply :axes payed. 

The dividend is assumed taxed at a rate of 15% (average personal state 
tax or source tax for a foreign company). This source tax on dividends is 
included in the government take from the project. Hence the figures below 
include this personal tax. This is done in order to compare the dividend to 
the money invested in the project. It is important to recall that equity capital 
provided by individuals, or companies, is money which they are free to use 
and therefore should be compared to future after tax income. 

We assume that profit which is not distributed to the owners as dividends, 
earns an interest of 11.76%. To find the appropriate discount rate we 
assume that the investors alternative value of money is 11.76%. We 
assume that this income is taxed at a rate of 15%. In addition we assume 
that inflation is 5% which gives an after tax real discount rate of 11.76 (1-
.15)-5 = 5%. It is of no interest in this analysis that some companies invest 
their funds in other projects. If the profit in these projects is higher than this 
rate (11.76%) this should not increase the value of this project. 

We have chosen not to study the appropriate risk premium at this stage. 
Following the capital asset pricing model the risk premium will depend on 
the correlation between this project and the market portfolio. This is in a 
situation with no regulations and no taxes. A glance at the Norwegian stock 
market will convince any reader that it is regulated, e. g. oil-company stocks 
are priced higher abroad than at Oslo Stock Exchange. In addition there 
exist instruments to avoid some risk. 
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We have argued that the most relevant discount rate wh<?n calculating the 
after tax income stream is 10%, that is, 5% real, plus 5% inflation. The 
result for this case is presented below. On the other hand the government 
argues that their discount rate is 7% real. We have therefore also chosen to 
use this discount rate in the tables presented here. It is important to be 
aware that this assumption lowers the owners value of the money withheld 
in the company, since this money gives a nominal interest rate of 11.76% 
only. 

We assume no loans. To introduce loans in this model the interest rate 
payed on loans must depend on the value of the company, if not the after 
tax expected income is based on generous creditors since there is a 
probability for ruin. We find that introducing loans gives no new information, 
and only complicates the problem. 

4.1.1 Results for Geometric Random Walk 

First we present the expected present value of after tax cash-flow without 
the new field . Here no interests are included. First we draw 10,000 profiles 
for the oil price. These prices are used for all alternatives except for the 
mean reverting alternative in the next section. When using these prices the 
expected present value of the gross cash-flow of the field (income - costs) 
is 8950 mill NOK with a 10% discount rate. Al! other assumptions, such as 
other activity and a different tax system, do not affect this gross cash-flow. 

Table 4.1: Expected present value of after tax cash-flow for different levels of other activity 
without the field, 10% discount rate 

Mean -2 a +2 a 
Low activity level, without field 1462 1287 1637 
High activity level, without field 5480 5139 5821 
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Table 4.2: Expected present value of after tax cash-flow for different levels of other activity 
without the field, 12% discount rate 

Mean -2a +2o 
Low activity level, without field 1033 921 1145 
High activity level, without field 4213 3996 4430 

Here a, which is the standard error of the mean, is found using the 
assumption that the simulations are normal distributed. Then the standard 
error of the mean is simply the standard deviation of the observations 
divided by the square root of the number of simulations. 

We observe that the expected present value of this exogenous income 
stream is significant. 

Next we find the expected present value of the dividend from the income 
stream given above. We assume that this income lasts from 1989 to 2011 
which is the lifetime of the field. In 2011 the companys' assets are 
distributed to the owners. 

Tables 4.3 and 4.4 summarize the results. 

Table 4.3: Expected present value of cash-flow to the owners for different levels of other activity 
without the field, 10% discount rats 

Cash-flow to owners Mean -2 a +2 a 
Low activity level without field 836 702 970 
High activity level without field 3967 3708 422 

Table 4.4: Expected present value of cash-flow to the owners for different levels of other activity 
without the field, 12% discount rate 

Cash-flow to owners Mean -2 a +2 a 
Low activity level without field 460 380 540 
High activity level without field 2793 2642 2944 
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Next we present the expected present value of the tax claim and the 
effective tax rate. 

Table 4.5: Expected present value of tax claim for different levels of other activity without the 
field, 10% discount rate. 

Cash-flow to state Mean -2 a +2 a Take 
Low activity level without field 7965 7436 8494 91 
High activity level without field 19171 18106 20236 83 

The government take in the table above is calculated as the (cash-flow to 
State) / (cash-flow to State + cash-flow to owners) . We will expect this 
figure to be about 0.808 + 0.192*0.15 = .8338. On the average the 
government take is 80.8 plus the source tax on the dividend. 

Table 4.6: Expected present value of tax claim for different levels of other activity without the 
field, 12% discount rate. 

Cash-flow to state Mean -2o +2 a Take 
Low activity level without field 5757 5429 6085 93 
High activity level without field 14307 13644 14970 84 

In this model the cash-flow to the owners is calculated as follows. The 
stock-holders must increase the stock-capital whenever needed. Whenever 
possible the firm pays maximum dividend. From this dividend we assume 
that the stock holders pay a personal tax of 15%, which equals the source 
tax on dividend for foreign companies. Hence the relevant after tax cash
flow to the owners is the present value of all after tax dividend payments 
minus all money paid to increase the stock capital. We do include this 
personal tax on dividend in the total government take from the project. 

The interesting figures, with the objective of proving that the tax system is 
not neutral, are the expected present value of the cash-flow to the owners. 
We observe in which situations this income is negative. The relevant value 
is the difference between the values from the firm's activity with and without 
the field. 
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We now present the calculations for a company with varying degrees of 
other activity evaluating a field with the data already presented. 

Tables 4.7 and 4.8 show the exact calculations for a given price profile from 
year to year under the assumption that the company owns this field only. 

Table 4.7: Profits before taxes and dividends for the expected price profile 

Gross Operating Investments Depreciations Taxes After lux 
Year income costs paid cash flow 
1989 0.0 0.0 407.0 67,8 0.0 -407. 
1990 0.0 0.0 2316.0 453.8 0.0 -2316.0 
1991 0.0 0.0 3287.0 1001.7 0.0 -3287.0 
1992 1189.9 495.0 2254.0 1377.3 0.0 -1559.0 
1993 4482.9 1026.0 845.0 1518.2 0.0 2611.9 
1994 4683.4 1077.0 563.0 1612.0 224.8 2818.6 
1995 4870.7 1131.0 344.0 1601.5 950.0 2445.7 
1996 5146.1 1188.0 0.0 1215.5 1395.3 2562.8 
1997 5500.7 1247.0 0.0 667.7 1933.9 2319.8 
1998 5108.5 1310.0 0.0 292.0 2493.9 1304.6 
1999 5073.4 1375.0 0.0 151.2 2458.7 1239.7 
2000 4614.3 1444.0 0.0 57.3 2309.7 860.5 
2001 4070.2 1516.0 0.0 0.0 1979.7 574.6 
2002 3487.0 1592.0 0.0 0.0 1409.8 485.2 
2003 3285.3 1671.0 0.0 0.0 1202.0 412.3 
2004 3048.4 1880.0 0.0 0.0 917.0 251.3 
2005 2725.6 2231.0 0.0 0.0 504.1 -9.5 
2006 2390.1 2342.0 0.0 0.0 147.6 -99.5 
2007 2031.9 2459.0 0.0 0.0 12.7 -439.8 
2008 1915.0 2582.0 0.0 0.0 0.0 -667.0 
2009 1811.6 2712.0 0.0 0.0 0.0 -900.4 
2010 1567.9 2434.0 0.0 0.0 0.0 -866.1 
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Table 4.8: Taxes and dividends for a single price profile (all figures in 19X9 mnok). 

Gross Operating Investments Depreciations Interest Cash flow 
Year income costs income lo owners 

1989 0.0 0.0 407.0 67,8 0.0 -407. 
1990 0.0 0.0 2316.0 453.8 0.0 -2316.0 
1991 0.0 0.0 3287.0 1001.7 0.0 -3287.0 
1992 1189.9 495.0 2254.0 1377.3 0.0 -1559.0 
1993 4482.9 1026.0 845.0 1518.2 163.1 0.0 
1994 4683.4 1077.0 563.0 1612.0 459.7 844.8 
1995 4870.7 1131.0 344.0 1601.5 547.2 3370.3 
1996 5146.1 1188.0 0.0 1215.5 426.9 3914.7 
1997 5500.7 1247.0 0.0 667.7 317.1 2709.5 
1998 5108.5 1310.0 0.0 292.0 285.8 1343.1 
1999 5073.4 1375.0 0.0 151.2 289.2 1314.0 
2000 4614.3 1444.0 0.0 57.3 262.9 1364.0 

2001 4070.2 1516.0 0.0 0.0 197.9 1260.8 
2002 3487.0 1592.0 0.0 0.0 89.6 1646.8 
2003 3285.3 1671.0 0.0 0.0 10.4 557.5 
2004 3048.4 1880.0 0.0 0.0 0.0 247.1 
2005 2725.6 2231.0 0.0 0.0 0.0 -9.5 
2006 2390.1 2342.0 0.0 0.0 0.0 -99.5 
2007 2031.9 2459.0 0.0 0.0 0.0 -439.8 

2008 1915.0 2582.0 0.0 0.0 0.0 -667.0 
2009 1811.6 2712.0 0.0 0.0 0.0 -900.4 
2010 1567 9 2434.0 0.0 0.0 0.0 -866.1 

Observe that the first year of dividend payment is 1995. This follows from 
the fact that 1994 is the first year where accumulated losses equal zero. In 
the previous years the profit, which is not distributed, is used to cover the 
investment and the reserve fund requirement. In 1994 there is a dividend 
which is paid to the owners the next year. It is obvious from this example 
that for any price profile where the price drops in 1994, and stays low, the 
dividend payment will be further delayed. Hence the expected present 
value of the cash-*™»/ to the owners might be negative. 
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The next tables give the values of the field with and without other activities. 

Table 4.9: Expected present value of after tax cash-flow for different levels of other activity with 
the field, 10% discount rate. 

Mean - 2 a +2a 

No other activity but field -1043 -1320 -766 
Low activity level, with field 789 366 1212 
High activity level, with field 5492 4924 6060 

Table 4.10: Expected present value of after tax cash-flow for different levels of other activity with 
the field, 12% discount rate. 

Mean - 2 a +2o 

No other activity but field -1200 -1436 -964 

Low activity level, with field 134 -200 468 

High activity level, with field 3912 3488 4336 

Table 4.11: Expected present value of cash-flow to the owners for different levels of other activity 
with die field, 10% discount rate. 

Mean - 2 a +2a 

No other activity but field -2062 -2292 -1832 

Low activity level with field -680 -1023 -337 

High activity level with field 3443 2995 3891 

Table 4.12: Expected present value of cash-flow to the owners for different levels of other activity 
with die field, 12% discount rale. 

Mean - 2 a +2a 

No other activity but field -2362 -2549 -2175 

Low activity level with field -1397 -1657 -1137 

High activity levd. with field 1886 1567 2205 

Next we present the expected present value of the tax claim and the 
effective tax rate. 
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Table 4. i 3: Expected present value of tax claim for different levels of other activity with the Held, 
10% discount rate. 

Mean -2a +2o Take 
No other activi'-' but field 11489 10908 12070 122 
Low activity level with field 18851 17823 19879 104 

High activity level with field 29000 27459 30541 89 

Table 4.14: Expected present value of tax claim for different levels of other activity with the field, 
12% discount rate. 

Mean -2a +2o Take 

No other activity but field 9619 9141 10097 133 
Low activity level with field 14877 14113 15641 110 
High activity level with field 22500 21413 23587 92 

We observe that the expected present value of the cash-flow to the owners 
with the field, is positive if we assume a high level of other activity and a 
10% discount rate (table 4.11). But the value of the field as such is the 
difference between the expected present value, with the field and without 
the field. Therefore the value of the field with a high level of other activity 
and 10% discount rate is: 3443 (from table 4.11) - 3967 (from table 4.3)= -
524. In the same way we find the after tax value of the field and the value 
of the tax claim. This is best presented in figures 4.1 and 4.2. 
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Current tax system, 
uncertain price 

10% discount rate 

EPV of i n claim 
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Figure 4.3: Value of field for different levels of activity, current lax system and 10% discount rate. 
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Figure 4.4: Value of field for different levels of activity, current lax system and 12% discount rate. 



36 

It is interesting to compare these results to the values of the field in a 
deterministic model. Table 4.15 gives the results for the deterministic case. 
Here the deterministic price is chosen as the mean price of the stochastic 
price process. 

Table 4.IS: Deterministic results for current tax system and different levels of other 
activity, 10 and 12% discount rate. 

10% discounting Aftertax Owner State Take 
Low activity level, without field 2315 1735 7388 81 
High activity level, without field 6036 4525 19296 81 
No other activity but field 2276 1478 7007 84 
Low activity level, with field 5202 4511 13793 75 
High activity level, with field 8963 7654 25291 77 

12% discounting Aftertax Owner State Take 

Low activity level, without field 1691 1170 5261 82 

High activity level, without field 4608 3195 14338 82 
No other activity but field 1572 683 6663 91 

Low activity level, with field 3745 2983 10778 78 

High activity level, with field 6752 5521 19367 78 

These results are shown graphically in figures 4.5 and 4.6. 
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Current tax system, 
certain price 

10% discount rate 
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• Value ol field E3 Value of Nek), low activity level Q Value of field, high activity level 

Figure 4.5: Value of field for different levels of activity, current tax system, 10% discount rate and 
certain price. 
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Figure 4.6: Value of field for different levels of activity with the current tax system, 12% discount rate 
and certain price. 
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Now we compare the two cases - deterministic and stochastic price. This is 
shown in figures 4.7 and 4.8. 

Current tax system, 
cash-flow to owners 
10% discount rate 

• Value of H*ld, unctrtaln price F2 Value of (laid, certain price 

Figure 4.7: Comparison of stochastic value of field and deterministic value for different levels of activity 
with the current tax system, 10% discount rate. 
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cash-flow to owners 
12% discount rate 

2500 • 

2000 • 

1i00 . 

2500 • 

2000 • 

1i00 . 

2500 • 

2000 • 

1i00 . 

S 1000 • 

S00 • 

S 1000 • 

S00 • 

n -500 • 
if field Val m •» KaM. ow activity laval \ titl* Of'MM > high activity 

A ' 1 * el 
o 
k -1000 • ' , , u * . o 
k -1000 • 

-1500 . 

-2000 ' 

-1500 . 

-2000 ' 

-2500 • 

f j Vil l i* of field, uncertain price B Velue of (laid, certain price 

Figure 4.8: Comparison of stochastic value of field and deterministic value for different levels of activity 
with the current tax system, 12% discount rate. 

From this we can conclude the following: The field is unprofitable after tax 
even if it is profitable before tax. The after tax expected present value to the 
owners increases when the level of other activities increase. This confirms 
the well known fact thst other activities are favourable when investing in 
new projects. It is interesting however to observe that other activities are 
more important when price is - .certain. The value of the field does not 
increase much in the deterministic model when the level of other activities 
increases. 

It is unprofitable to explore a field of this size even if the probability of a find 
is 1 under this price assumption. Therefore the tax system disturbs 
exploration and creates a loss in total income. This result depends on the 
price process we have chosen. Because of this we perform the same 
calculations with the mean reverting price process described in chapter 3. 
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1 Results for a Mean Reverting Price Process 

In this section we show the result from the calculations with a mean 
reverting price process. All other assumptions are unchanged compared to 
the previous section. 

Table 4.16: Expected present value of after tax cash-flow, for different levels of other activity and 
10% discount rale. 

EPV of after tax cash-flow 
Mean -2a +2a 

Low activity level without field 2510 2495 2525 
High activity level without field 6430 6400 6460 
No other activity but field 2714 2653 2775 
Low activity level with field 6257 6184 6330 
High activity level with field 10004 9922 10086 

Table 4.17: Expected present value of after tax cash-flow, for different levels of other activity and 
12% discount rate. 

EPV of after tax cash-flow 
Mean -2a +2o 

Low activity level without field 1854 1841 1867 
High activity level without field 4940 4915 4965 
No other activity but field 1952 1899 2006 
Low activity level with field 4688 4623 4753 
High activity level with field 7637 7565 7709 
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Table 4.18: Expected present value of cash-flow to owners, for different levels of other activity 
and 10% discount rate. 

EPV of cash-flow to owners 
Mean -2a +2o 

Low activity level without field 1868 1857 1879 

High activity level without field 4765 4743 4787 
No other activity but field 1789 1733 1845 
Low activity level with field 4804 4742 4866 

High activity level with field 8439 8372 8506 

Table 4.19: Expected present value of cash-flow to owners, for different levels of other activity 
and 12% discount rate. 

EPV of cash-flow to owners 
Mean -2a +2o 

Low activity level wi'tout field 1272 1263 1281 
High activity level without field 3378 3361 3395 
No other activity but field 925 877 973 

Low activity level with field 3159 3105 3213 
High activity level with field 6105 6048 6162 

Table 4.20: Expected present value of cash-flow to stale, for different levels of other activity and 
10% discount rate. 

EPV of cash-flow to state and take 
Mean -2a +2a Take 

Low activity level without field 8061 8012 8110 81 

High activity level without field 20682 20584 20780 81 

No other activity but field 9813 9692 9934 85 
Low activity level with field 16595 16427 16763 78 

High activity level with field 28359 28138 28580 77 
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Table 4.21: Expected present value of cash-flow to state, for different levels of other activity and 
12% discount rate. 

EPV of cash-flow to state and take 
Mean -2a +2a Take 

Low activity level without field 5812 5773 5851 82 
High activity level without field 15465 15387 15543 82 
No other activity but field 8278 8175 8381 90 
Low activity level with field 13129 12987 13271 81 
High activity level with field 21978 21794 22162 78 

The results are summarized in figures 4.9 and 4.10. 

Figure 4.<>: Value of field for different levels of activity with the current tax system, 10% discount rale. 
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Figure 4.10: Value of field for different levels of activity with the current tax system, 12% discount rate. 

The results show that the mean reverting price process gives a larger 
expected present value in all situations. This follows from the fact that the 
expected price in the mean reverting process is higher than the expected 
price in the geometric price process. To find how important this effect is we 
present the values for the deterministic case. 
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Table 4.22: Deterministic results for current tax system, based on a mean price from mean reverting 
price process. 

10% discounting Aftertax Owner State Take 
Low activity level without field 2503 1875 7988 80,99 
High activity level without field 6413 4805 20499 81,01 
No other activity but field 2983 2275 9153 80,09 
Low activity level with field 6074 5422 15681 74,31 
High activity level with field 9984 8477 28053 76,79 

12% discounting Aftertax Owner State Take 
Low activity level without field 1848 1279 5749 81,80 

High activity level without field 4922 3411 15317 81,79 

No other activity but field 2188 1396 7723 84,69 
Low activity level with field 4506 3782 12357 76,57 
High activity level with field 7631 6207 21656 77,72 

Figures 4.11 and 4.12 illustrate the results for the deterministic case. 
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Mean reverting price process, 
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Figure 4.11: Value of field for different levels of activity with the current tax system, 10% discount rate 
and certain price. 
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certain price 

12% discount rate 

NPV of aftar tax caah flow NPV of cath flow to owner* NPV of tax claim 

• Value of field I Value of field, low activity level Q Value of field, high activily level 

Figure 4.12: Value of field for different levels of activity with the current tax system, 12% discount rate 
and certain price. 
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in figure 4.13 and 4.14 we compare the deterministic and the stochastic 
case. 

Mean reverting price process, 
cash-flow to owner 
10% discount rata 

Vali» of (laid Valua of flald, low activity leval Vakla ol Hald, high activity 
lavaf 

D Valua o( (laid, uncartaln prica O Valua of (laid, certain prica 

Figure 4.13: Comparison of stochastic value of field and deterministic value for different levels of 
activity with the current tax system, 10% discount rate. 
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Figure 4.14: Comparison of stochastic value of field and deterministic value for different levels of 
activity with the current tax system, 12% discount rale. 
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The difference in the value of the field between a deterministic model and 
this mean reverting process is about 500 mill NOK. This difference will 
increase if we look at a less profitable field. 

It is interesting to compare the geometric price process to the mean 
reverting process. This is done in tables 4.22 and 4.23. 

Table 4.22: The value of the field 10% discount rate 

Geometric Mean reverting 
price process price process 

No other activity -2062 1789 
Low activity level -1516 2936 
High activity level - 524 3674 

Table 4.23: The value of the field 12% discount rate 

Geometric Mean reverting 
price process; price process 

No other activity -2362 925 
Low other activity -1857 1887 
High other activity -907 2727 

We observe that it is crucial, for the profitability of the field, which price 
process we believe in. To explain why the mean reverting process gives a 
more profit recall equation (4.5). 

For a price Pt in year t equal to say $5 the expected price in the next year is 

E(Pt+l) = E ( 6 0-825ln5 + 0.175ln18 +e) 

This is approximately $9.26. Hence the mean reverting process excludes 
price profiles where the price stays low for several successive years. 
Therefore the probability of the company getting in situations where they 
cannot take advantage of their depreciation, and other tax reduction claims, 
is small. 



48 

We conclude at this stage that the mean reverting process is relatively 
realistic for situations where the price fluctuates around $18. If the price 
drops significantly however this process fails to obey simple economic 
arguments. That is, if the expected price increase in one year is more than 
say 80%, speculators will by oil today. This will put pressure on the present 
price. In the geometric price process the expected price is equal to the 
present price plus inflation. It is likely that a realistic model has some 
characteristics of both of these models. The most important feature of any 
price process when evaluating after tax profit is the probability for price 
crash. This can not be excluded. Both new technology and environmental 
legislation can give a permanent price fall. Because of this we will use the 
geometric process when tax system changes are investigated. 



SOME TAX SYSTEM IMPROVEMENTS 

In this section we will suggest some improvements that will reduce the 
incentive problems in the petroleum sector. The analysis is partial and we 
neglect all incentive problems that might arise in other businesses when 
this tax system is changed. This is done both because a general 
equilibrium model with different tax systems at a detailed level, and with 
uncertainty in some variables is almost impossible to follow. In addition we 
assume that the level of activity in the petroleum sector can be regulated by 
more direct government interference, such as licensing new blocks. On the 
other hand we are aware that serious criticism can be raised on this point. 

Geometric random walk and carry-back 

It is natural to start at the core of the incentive problem, that is the 
unlinearity in after tax profit when there is a significant probability that total 
costs exceed income. As mentioned earlier this problem is solved in tax 
systems where the state pays a fraction of costs as well as receiving the 
same fraction of profits. In Norway this state participation is followed by 
unchanged taxes for the rest of the income stream and it can be compared 
to a situation where the company brings in a new partner. Therefore the 
Norwegian type of state participation have no influence on ..^ incentive 
problem. 

We assume that any proposed tax change must in a sense increase the 
government income from the petroleum sector. It is unlikely that the 
government will approve new tax rules that involve a loss in tax revenue. 
Another problem is that the tax base in the Norwegian system is the 
company and not each single project. This implies, as we have seen, 
different incentive problems depending on each companys income 
position. Given that the state will not accept direct payouts in periods with 
losses, the most relevant change in the tax system is a carry forward rule. 

It is obvious that an improvement of the current tax-system is to allow for 
more inter-period tax-allocation. When incomes are uncertain the firm will 
benefit from rules which generate a smoother taxable income. This concept 
is widely accepted and is to some extent incorporated in the present tax-
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system. Black (1966) discusses many established concepts of tax-
allocation. Some of these concepts are already incorporated in the 
Norwegian off-shore petroleum tax-system, namely, depreciation and carry 
forward of losses. On-shore there are several rules which defer taxes, e. g. 
it is possible to allocate 20% of the annual before tax profit to a fund. This 
fund is taxad when distributed to the owners. In an equilibrium model 
where corporate tax rates equal personal tax-rates there will be an 
incentive to defer taxes forever. This will not necessarily apply in a model 
where the owners face a lower tax-rate than the company, as in petroleum 
extraction (see Stensland and Sunnevåg 1989). 

Suppose the government's tax-claim on this fund can be reduced if the 
company runs into a deficit. In such a system we might call this way of 
allocating taxes carry-back rules. It is important to observe that this rule will 
not imply direct payments from the government to the companies. This 
distinguishes this rule from a situation where taxes paid in previous years 
are refunded. 

In more detail we assume that up to 10% of annual before tax profit can be 
deducted from this profit and allocated to a fund. This fund will give a 
delayed tax and dividend payment. The reason for the companies to use 
such a fund is that income is smoothed over time, and that this reduces the 
average tax payment. The tax rate on this fund when distributed to the 
owners is 80.8%. 

A problem when introducing this method is that the companies' tax 
planning becomes more difficult. The firms now have to solve a sequential 
stochastic optimization problem. In this problem the important decision is 
how much to allocate to this fund in each period. We are not able to solve 
this problem in our present model. But we will provide a rule that, if 
followed, will increase profit. Obviously the optimal rule will increase profit 
more. 

The results for the Draugen field example given in the previous section are 
given in tables 5.1 to 5.6. 
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Table 5.1: Expected present value of after tax cash-flow, for different levels of other activity and 
10% discount rate. 

EPV of after tax cash-flow 
Mean -2o +2o 

Low activity level, without field 2157 1935 2379 
High activity level, without field 7123 6687 7559 
No other activity but field 132 -200 464 
Low activity level, with field 2594 2079 3109 
High activity level, with field 8169 7462 8876 

Table 5.2: Expected present value of after tax cash-flow, for different levels of other activity and 
12% discount rate. 

EPV of after tax cash-flow 
Mean -2a +2a 

Low activity level, without field 1531 1390 1672 
High activity level, without field 5425 5149 5701 
No other activity but field -210 -490 70 
Low activity level, with field 1572 1149 1995 
High activity level, with field 5998 5475 6521 

Table 5.3: Expected present value of cash-flow to owners, for different levels of other activity and 
10% discount rate. 

EPV of cash-flow to owners 
Mean -2a +2o 

Low activity level, without field 911 775 1047 
Kigh activity level, without field 4098 3835 4361 
No other activity but field -1686 -1923 -1449 
Low activity level, with field -348 -694 -2 
High activity level, with field 3780 3325 4235 



52 

Table 5.4: Expected present value of cash-flow 10 owners, for different levels of other activity and 
12% discount rate. 

EPV of cash-flow to owners 
Mean -2o +2o 

Low activity level, without field 481 401 561 
High activity level, without field 2811 2660 2962 
No other activity but field -2170 -2360 -1980 
Low activity level, with field -1311 -1569 -1053 
High activity level, with field 1994 1675 2313 

Table 5.5: Expected present value of cash-flow to state, for different levels of other activity and 
10% discount rate. 

EPV of cajh-flow to state and take 
Mean -2a +2a Tal; 

Low activity level, without field 8083 7546 8620 90 
High activity level, without field 19503 18422 20584 83 
No other activity but field 11472 10881 12063 117 
Low activity level, with field 19208 18156 20260 102 
High activity level, with field 29447 27878 31016 89 

Table 5.6: Expected present value of cash-flow to state, for different levels of other activity and 
12% discount rate. 

EPV of cash-flow to state and take 
Mean -2a +2a Take 

Low activity level, without field 5726 5399 6053 92 
High activity level, without field 14263 13602 14924 84 
No other activity but field 9406 8932 9880 130 
Low activity level, with field 14770 14005 15535 110 
High activity level, with field 22351 21267 23435 92 

Figures 5.1 and 5.2 summarize the results. 
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Figure S.l: Value of field for different levels of activity with a carry-back tax system, 10% discount rate. 
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Figure 5.2: Value of field for different levels of activity with a carry-back tax system, 12% discount rate. 
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It is interesting to compare these results with the results from a deterministic 
calculation of profit with this carry-back tax system. 

Table 5.7 Deterministic results for carry-back 

10% discounting After-tax Owner State Take 
Low activity level, without field 2960 1769 7516 81 
High activity level, without field 7694 4613 19637 81 
No other activity but field 3225 1892 7739 80 
Low activity level, with field 6718 4660 14059 75 
High activity level, with field 11431 7826 25762 77 

12% discounting After-tax Owner State Take 
Low activity level, without field 2147 1170 5248 82 
High activity level, without field 5825 3191 14305 82 

No other activity but field 2374 911 6412 88 

Low activity level, with field 4939 3015 10726 78 
High activity level, with field 8652 5557 19283 78 

This is summarized in figures 5.3 and 5.4. 
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Figure 5.3: Value of field for different levels of activity with acarry-liacktax system, 10% discount rate 
and certain price. 
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Figure 5.4: Value of field for different levels of activity with a carry-back tax system, 12% discount rate 
and certain price. 
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Next we compare the deterministic value of the field with the stochastic 

value. 

Figure 5.5: Comparison of stochastic value of field and determinislic value for different levels of activity 
with a carry-back tax system, 10% discount rate and cash-flow to owners. 
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Figure 5.6: Comparison of stochastic value of field and deterministic value for different levels of activity 
with a carry-back tax system, 12% discount rate and cash-flow to owners. 

Next we compare the carry-back system with the current tax-system. 
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Figure 5.7: Comparison of stochastic value of field for current tax system and a carry-hack la* system 
for different levels of activity, 10% discount rate and cash-flow to owners. 

We observe that the cash-flow to the owners is improved. The carry back 
rule is profitable. Observe that we have assumed that the company in each 
year has allocated 10% to the fund. A more realistic policy is to pay 
dividends and taxes in years where the fund is greater then some 
preassigned level. In this way they will save the 27.8% state tax. More work 
is needed to find a better estimate for the increase in profits from this carry
back rule. In addition we should assure that a deterministic calculation with 
the carry-back rule makes it unprofitable. This will in our opinion increase 
the probability for it being implemented. 
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Figure 5.8: Comparison of stochastic value of field for current tax system and a carry-hack tax system 
for different levels of activity, 12% discount rate and cash-How to owners. 

In the case where we use the 12% discount rate the expected present 
value is lower. The difference between the alternatives is however very 
much the same. Obviously the after tax variables increase more than the 
cash-flow to the owners after this tax change. This variable underestimates 
the negative effect which follows from holding money in the petroleum tax 
system. Figure 5.9 and 5.10 summarize the results. 
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Figure 5.9: Comparison of stochastic value of field for current lax system and a carry-back tax system 
for different levels of activity, 10% discount rate and after-tax cash-flow. 
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Figure 5.10: Comparison of stochastic value of field for current tax system and a carry-back tax system 
for different levels of activity, 12% discount rate and aflcr-tax cash-flow. 
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Next we present the expected present value to the state following the 
current and the carry-back tax-system. 

Carry-back and current tax system, 
cash-flow to state, uncertain price 

10% discount rate 
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l eve l 
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Figure 5.11: Comparison of stochastic value of field for current tax system and a carry-back lax system 
for different levels of activity, 10% discount rate and cash-flow to stale. 
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Figure 5.12: Comparison of stochastic value of field for current tax system and a carry-buck tax system 
for different levels of activity, 12% discount rate and cash-flow to stale. 

The state is, in this stochastic analysis, indifferent to this carry-back rule. 
We doubt however that any tax-rule change will be based on a stochastic 
analysis. It is therefore vital to look at the deterministic results with t.iis 
carry back rule. This is presented in figures 5.13 to 5.18. 
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Figure 5.13: Comparison of deterministic value of field for current lax system and acarr.-back lax 
system for different levels of activity, 10% discount rale and cash-flow to owners. 
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Figure 5.14: Comparison of deterministic value of field for current tax system and a earn-luck tax 
system for different levels of activity, 12% discount rate and cash-flow to owners. 
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Carry-back and current tax system, 
after-tax cash-flow, certain price 
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Figure 5.15: Comparison of deterministic value of field for current tax system and a carry-back tax 
system for different levels of activity, 10% discount rate and after-tax cash-How. 

Figure 5.16: Comparison of deterministic value of field for ct it tax system and a carry-back lax 
system for different levels of activity, 12% discount rate and a.ir-iax cash-flow. 
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Carry-back and current tax system, 
cash-flow to state, certain price 
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Figure 5.17: Comparison of deterministic value of field for current tax system and a carry-back tax 
system for different levels of activity, 10% discount rate and cash-llow to state. 
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Figure 5.18: Comparison of deterministic value of field for current lax system and a carry-hack tax 
system for different levels of activity, 12% discount rate and cash-flow to state. 



We observe that in a deterministic model with a discount rate of 7% real 
(used by the state) they should be indifferent to the tax change in this 
example. Therefore we might conclude that it is not unrealistic to assume 
that this proposal might be implemented. We find this kind of carry-back 
rule very interesting and suggest to continue the analysis of its effects in 
other situations and with some other assumptions. 

Geometric random walk and expensed capital costs 

It is of interest to examine some other changes in the tax system in addition 
to the example above. Here we consider a tax-system where all costs 
including investments are expensed. It is likely that a system where till 
costs, including investments, are deductible immediately is preferred even 
in a deterministic model. The depreciation rules delay the tax-reduction 
from any investment. To isolate the effect which follows from more 
generous depreciation rules in general, we will first present the results from 
a deterministic price case. Remember that our concern lies in tax-rules 
which reduce the companies' risk of not being able, in low price states, to 
benefit from their tax reduction claims. We are not interested in changes 
which increase the private companies' share of profitable projects as such. 
We start out comparing this tax system with the present tax system when 
the price is deterministic. 
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Table 5.8: Deterministic results, expensed capital costs. 

10% discounting After tax Owner State Take 
Low activity level, without field 2315 1735 7388 81 
High activity level, without field 6036 4525 19296 81 

No other activity but field 2453 1333 8237 86 
Low activity level, with field 5637 4429 14371 76 
High activity level, with field 9526 6764 26587 80 

12% discounting After tax Owner State Take 
Low activity level, without field 1691 1170 5261 82 
High activity level, without field 4608 3195 14338 82 
No other activity but field 1751 484 6918 93 
Low activity level, with field 4149 2706 11252 81 
High activity level, with field 7378 4602 20301 82 

This is best illustrated in figures 5.19 and 5.20. 

Figure 5.19: Value of field for different levels of activity and expensed capital costs, 10% discount nue 
and certain price. 
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Figure 5.20: VaJue of fieJd for different levels of activity and expensed capital COSLS, 12% discouni rale 
and certain price. 

If we compare the above figures with figures 4.5 and 4.6 we observe that 
this rule increases after tax cash-flow. 

We also observe that this rule does not increase the cash-flow to the 
owners. More depreciation postpones dividend payments as well as it is 
postponing taxes. 

The money withheld in the company earns an interest which is taxed at a 
rate of 80.8%. It is therefore very important for the expected present value 
to the owners that the company pays dividends as early as possible. 

Next we present the results for the stochastic analysis. 
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Table 5.9: Expected present value of after lax cash-flow, for different levels of other activity and 
10% discount rate. 

Mean -2a +2c 

Low activity level, without field 1462 1287 1637 
High activity level, without field 5480 5139 5821 
No other activity but field -891 -1171 -611 
Low activity level, with field 1066 641 1491 
High activity level, with field 6028 5459 6597 

Table 5.10: Expected present value of after mx cash-flow, for different levels of other activiiy and 
12% discount rale. 

Mean - 2 a +2a 

Low activity level, without field 1033 921 1145 
High activity level, without field 4213 3996 4430 
No other activity but field -1042 -1280 -804 

Low activity level, with field 425 88 762 

High activity level, with field 4490 4064 4916 

Table 5.11: Expected present value of cash-flow to owners, for different levels of other activity 
and 10% discount rate. 

Mean - 2 a +2c 

Low activity level, without field 824 690 958 

High activity level, without field 3941 3682 4200 
No other activity but field -2172 -2400 -1945 
Low activity level, with field -794 -1134 -454 

High activity level, with field 3375 2931 3819 
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Table 5.12: Expected presen value of cash-flow to owners, for different levels of other activity 
and 12% discount rale. 

Mean -2a +2o 
Low activity level, without field 451 371 531 
High activity level, without field 2772 2621 2923 
No other activity but field -2499 -2684 -2314 
Low activity level, with field -1524 -1782 -1266 

High activity level, with field 1834 1520 2148 

Table 5.13: Expected present value of cash-flow to stale, for different levels of other activity and 
10% discount rate. 

Mean -2a +2o Take 

Low activity level, without field 7910 7381 8439 91 
High activity level, without field 19056 17990 20122 83 
No other activity but field 11684 11100 12268 123 
Low activity level, with field 18810 17780 19840 104 
High activity level, with field 28741 27198 30284 89 

Table 5.14: Expected present value of cash-flow to state, for different levels of other activity and 
12% discount rate. 

Mean -2a +2o Take 

Low activity level, without field 5713 5385 6041 93 
High activity level, without field 14210 13547 14873 84 

No other activity but field 9763 9283 10243 134 

Low activity level, with field 14802 14037 15567 i l l 
High activity level, with field 22173 21086 23260 92 

This is best presented in figures 5.21 and 5.22. 
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Figure 5.21: Value of field for different levels of activity with expensed capital costs, 10% discount rate. 

Figure 5.22: Value of field for different levels of activity with expensed capital costs, 12* discount rale. 
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Next we compare the value of the field when capital costs are expensed 
with the value of the field in the present tax system. 

Expensed Capital Costs and the Current Tax System, 
cash-flow to owners 
10% discount rate 
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Figure 5.23: Comparison of stochastic value of field for current tax system and a tax system with 
expensed capital costs, for different levels of activity, 10% discount rate and cash-llow to owners. 
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Expensed Capital Costs and the Current Tax System, 
after-tax cash-flow 
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Figure 5.24: Comparison of stochastic value of field for current lax system and a tax system wilh 
expensed capital costs, for different levels of activity, 10% discount rale and aficr-lax cash-flow. 
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Figure 5.25: Comparison of stochastic value of field for current lax system and a lax system with 
expensed capital costs, for different levels of activity, 10% discount rate and cash-How 10 slate. 



74 

Expensed capital costs and the current tax system, 
cash-flow to owners 
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Figure 5.26: Comparison of stochastic value of field for current tax system and a tax system u uh 
expensed capital costs, for different levels of activity, 12% discount rate and cash-llou immni-rv 
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Figure 5.27: Comparison of stochastic value of field for current lax system and a tax system w iih 
expensed capital costs, for different levels ofacuV 2% discount rate anil aftcr-iax cash-How. 
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Figure 5.28: Comparison of stochastic value of field for current lax system anil a tax system « uli 
expensed capital COSLS, for different levels of activity, 12% discount rate and cash-How to stale. 

The companies will prefer this expensed capital cost system to the present 
tax system. In our opinion the best argument in support of this rule is that it 
reduces the risk of not being able to benefit from the depreciation 
allowance. If the price drops the company might in some situations have 
unused depreciations. 

3 Geometric random walk and oil allowance 

The oil allowance rule in the British tax system is often used as an 
argument for the companies preference of this system to the Norwegian 
system. 

Oil allowance is a gross production relief which reduces the effective 
Petroleum Revenue Tax rate, but cannot be used to create a PRT loss. It 
represents the cash value (for new fields) of 500,000 metric tonnes per 
chargeable period. The aggregate allowance is ten million tonnes, i.e. the 
allowance will normally last ten years. 
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The cash equivalent is computed by the formula 

A*B/C 

where : 

A = Gross profit 
B = The Oil Allowance for the chargeable period, in metric tonnes 
C = Oil produced in the chargeable period, also in metric tonnes 

Example: 

Oil Allowance for the chargeable period : 500,000 m.t. 
C., won and saved 600,000 m.t. 
Gross Profit: 468 mnok 

Oil Allowance : 468 * 500 / 600 = 390 mnok 

This is the algorithm which we have implemented in MECCA, and which 
replaces the Norwegian production relief. First we give the results for the 
deterministic case. 

Table 5.15: Deterministic results for oil allowance 

10% discounting After tax Owner State Take 
Low activity level, without field 2315 1735 7388 81 
High activity level, without field 6036 4525 19296 81 
No other activity but field 2870 2021 7382 79 

Low activity level, with field 6072 5270 13082 71 
High activity level, with field 10741 9272 23670 72 

12% discounting After tax Owner State Take 
Low activity level, without field 1691 1170 5261 82 
High activity level, without field 4608 3195 14338 82 

No other activity but field 2058 1117 6232 85 
Low activity level, with field 4504 3614 10156 74 
High activity level, with field 8353 6958 17894 72 
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Figure 5.29: Comparison of deterministic value of field for current tax system and a tax system with oil 
allowance for different levels of activity, 10% discount rate and cash-flov.- to owners. 
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Figure 5.30: Comparison of deterministic value of field for current tax system and a lax system with oil 
allowance for different levels of activity, 10% discount rate and cash-flov. to state. 
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Current tax system and Oil Allowance, 
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Figure 5.31: Comparison of deterministic value of field for current lax system and a lax system wiihoil 
allowance for different levels of activity, 12% discount rale and cash-flow to owners. 
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Figure 5.32: Comparison of deterministic value of field for current tax system and a lax system with oil 
allowance for different levels of activity, 12% discount rate and cash-flow to sutte. 
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We observe that this oil allowance rule increases the expected present 
value to the owners in this model. It is interesting to investigate if this 
conclusion holds for a stochastic price process. 

Table 5.16: Expected present value of after tax cash-flow, for different levels of other activity ami 
10% discount rate. 

Mean -2CT +2o 

Low activity level, without field 1462 1287 1637 
High activity level, without field 5480 5139 5821 
No other activity but field -528 -823 -233 
Low activity level, with field 1895 1443 2347 
High activity level, with field 7670 7061 8279 

Table 5.17: Expected present value of after tax cash-flow, for different levels of other activity and 
12% discount rate. 

Mean - 2 a +2a 

Low activity level, without field 1033 921 1145 
High activity level, without field 4213 3996 4430 
No other activity but field -760 -1012 -508 
Low activity level, with field 1055 695 1415 
High activity level, with field 5797 5334 6260 

Table 5.18: Expected present value of cash-flow to owners, for different levels of other activity 
and 10% discount rate. 

Mean - 2 c +2a 

Low activity level, without field 824 690 958 
High activity level, without field 3941 3682 4200 
No other activity but field -1583 -1829 -1337 

Low activity level, with field 156 -212 524 

High activity level, with field 5032 4549 5515 
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Table 5.19: Expected present value of cash-flow to owners, for different levels of other activity 
and 12% discount rate. 

Mean - 2 a +2a 
Low activity level, without field 451 371 531 
High activity level, without field 2772 2621 2923 
No other activity but field -1957 -2159 -1755 
Low activity level, with field -698 -981 -415 
High activity level, with field 3211 2X61 3561 

Table 5.20: Expected present value of cash-flow to state, for different levels of otner activity and 
10% discount rate. 

Mean -2a + 2 G Take 

Low activity level, without field 7910 7381 8439 91 

High activity level, without field 19056 17990 20122 83 
No other activity but field 10956 10391 11521 117 
Low activity level, with field 17297 16296 18298 99 
High activity level, with field 27146 25637 28655 84 

Table 5.21: Expected present value of cash-flow to state, for different levels o r other activity and 
12% discount rale. 

Mean -2a +2rj Take 

Low activity level, without field 5713 5385 6041 93 

High activity level, without field 14210 13547 14873 84 
No other activity but field 9162 8699 9625 127 
Low activity level, with field 13585 12846 14324 105 
High activity level, with field 20835 19780 21890 87 

Compared to the present tax system we observe that the value of the field 
is increasing for all activity levels. This is illustrated in figures 5.33 and 
5.34. 
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Figure 5.33: Value of field for different levels of activity with oil allowance, 10% discount rate. 
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Figure 5.34: Value of field for different levels of activity with oil allowance, 10% discount rate. 
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cash-flow to owners 
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Figure 5.35: Comparison of current tax system and oil allowance, 10% discount rate and cashflow to 
owners, uncertain price. 
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Figure 5.36: Comparison of current tax system and oil allowance, 10% discount rate and altcr-uix 
cash-flow, uncertain price. 
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Figure 5.37: Comparison of current tax system and oil allowance, 10% discount rate and cash-flow to 
state, uncertain price. 
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Figure 5.38: Comparison of current tax system and oil allowance, 12% discount rale and cash-llow to 
owners, uncertain price. 
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Oil Allowance and the current tax system, 
after-tax cash-flow 
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Figure 5.39: Comparison of current tax system and oil allowance, 12% discount rate and aficr-uix 
cash-flow, uncertain price. 
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Figure 5.40: Comparison of current tax system and oil allowance, 12% discount rale and cash-llow to 
state, uncertain price. 
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We observe that the oil allowance rule makes the field more profitable for 
all activity levels. It is difficult to find to what extent this follows from more 
generous tax reduction rules in general, or is based on the smoothing of 
income over time. This second point is important when any new tax rule is 
proposed. The government will, in our opinion, be reluctant to implement 
tax rules which, even in a deterministic analysis, give more profit to the 
owners. We should therefore look for changes that are unfavourable in a 
deterministic setting but are profitable under uncertainty. Such rules will 
typically involve intertemporal tax allocation, such as the carry-back rule in 
section 5.1. 

One way to examine if this oil allowance rule is useful for eliminating the 
distortion created by the tax system, is to compare the deterministic and the 
stochastic values to the owners. 
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Figure 5.41: Comparison of stochastic value of field and deterministic value for different levels of 
activity with oil allowance, 10% discount rate and cash-flow to owners. 
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Stochastic and deterministic values for Oil Allowance, 
cash-flow to owners 
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Figure 5.42: Comparison of stochastic value of field and deterministic value for different levels of 
activity with oil allowance, 12% discount rate and cash-flow to owners. 

We observe that the difference between the deterministic values and the 
expected present values to the owners in this tax system is significant. We 
conclude that although oil allowance increases the expected present value 
to the owners it is not effective when it comes to reducing the difference 
between the deterministic and the stochastic values of the field. The best 
argument for implementing it is that it is particularly profitable on small 
fields. Therefore the oil allowance will stimulate activity on the continental 
shelf as such. The problem of the company choosing to develop a small 
field instead of exploring for a big one still remains. The society at large will 
benefit from rules which stimulate exploration for big fhlds. 
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We find serious problems in the present tax system when evaluating fields 
with uncertain income. The tax system is not neutral (compare the first 
group of bars in figures 6.1 and 6.2). This result will depend on the 
profitability of the project in question, the level of the companys' other 
activity and the stochastic representation of price. 

To circumvent these problems we investigate various changes in the tax 
system. We find that a simple rule where 10% of the annual profit can be 
deducted from the before tax profit and allocated to a fund is the best of the 
alternatives we have investigated (compare the second group of bars in 
figures 6.1 and 6.2). This fund is reduced if profits are negative. When 
distributed to the owners the company pays 80.8% tax on the money. 
Compared to the tax on dividends of 53.8% (no state tax is payed on 
dividends) this makes the allocation rule unprofitable for companies which 
do not expect to run into a deficit when the price is low. For the same 
reason the carry-back rule looks unprofitable in a deterministic model, 
when evaluating the expected present value of cash-flow to owners, and so 
there should be few arguments from the government point of view, using 
deterministic models, not to implement it. 
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Figure 6.1: Comparison of results for the current tax system with different changes in the tax system. 
We look at after tax cash-flow with certain price and a 12% discount rate. 
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Figure 6.2: Comparison of results for the current lax system with different changes in the tax system. 
We look at after tax cash-flow with uncertain price and a 12% discount rale. 
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APPENDIX A; SIMULATION RESULTS 

Table Al: Geometric random walk and cutTcnt lax system 

EPV of after tax cashflow 
Mean -2o +2CT 

10% Low activity level, without field 1462 1287 1637 
12% Low activity level, without field 1033 921 1145 
15% Low activity level, without field 691 623 759 

10% High activity level, widiout field 5480 5139 5821 
12% High activity level, without field 4213 3996 4430 
15% High activity level, without field 3122 2994 3250 
10% Nc o her activity but field -1043 -1320 -766 
12% No ouV.r activity but field -1200 -1436 -964 
15% No other activity but field -1479 -1667 -1291 

10% Low activity level, with field 789 366 1212 
12% Low activity level, with field 134 -2(H) 468 
15% Low activity level, with field -542 -793 -291 
10% High activity level, with field 5492 4924 6060 
12% High activity level, with field 3912 34X8 4336 
15% High activity level, with field 2397 2094 2700 



EPV of cash-flow to owners 

Cash-flow to owners Mean -2 a +2 a 
10% Low activity level without field 836 702 970 
12% Low activity level without field 460 380 540 
15% Low activity level without field 191 147 235 
10% High activity level without field 3967 3708 4226 
12% High activity level without field 2793 2642 2944 
15% High activity level without field 1832 1753 1911 

10% No other activity but field -2062 -2292 -1832 
12% No other activity but field -2362 -2549 -2175 
15% No other activity but field -2735 -2876 -2594 

10% Low activity level with field -680 -1023 -337 
12% Low activity level with field -1397 -1657 -1137 
15% Low activity level with field -2064 -2250 -1878 
10% High activity level with field 3443 2995 3891 

12% High activity level with field 1886 1567 2205 
15% High activity level with field 488 273 703 



EPV of cash-flow to state and take 

Cash-flow to state Mean -2 a +2(5 Take 
10% Low activity level without field 7965 7436 8494 91 
12% Low activity level without field 5757 5429 6085 93 
15% Low activity level without field 3889 3704 4074 95 
10% High activity level without field 19171 18106 20236 83 
12% High activity level without field 14307 13644 14970 84 

15% High activity level without field 10103 9727 10479 85 
10% No other activity but field 11489 10908 12070 122 
12% No other activity but field 9619 9141 1(K)97 133 
15% No other activity but field 7474 7U1 7837 158 
10% Low activity level with field 18851 17823 19879 104 
12% Low activity level with field 14877 14113 15641 110 
15% Low activity level with field 10057 10425 11489 123 
10% High activity level with field 29000 27459 30541 89 
12% High activity level with field 22500 21413 23587 92 
15% High activity level with field 16382 15663 17101 97 
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Table A2: Deterministic results for current tax system 

10% discounting After tax Owner State Take 
Low activity level, without field 2315 1735 7388 81 
High activity level, without field 6036 4525 19296 81 
No other activity but field 2276 1478 7907 84 
Low activity level, with field 5202 4511 13793 75 
High activity level, with field 8963 7654 25291 77 

12% discounting After tax Owner State Take 
Low activity level, without field 1691 1170 5261 82 
High activity level, without field 4608 3195 14338 82 
No other activity but field 1572 683 6663 91 

Low activity level, with field 3745 2983 10778 78 
High activity level, with field 6752 5521 19367 78 

15% discounting After tax Owner State Take 
Low activity level, without field 1168 722 3489 83 
High activity level, without field 3376 2097 10076 83 

No other activity but field 687 -278 5205 106 
Low activity level, with field 2225 1416 7855 85 
High activity level, widi field 4573 3475 13908 80 



Table A3: Mean reverting price process and current tax system 

EPV of after tax cash-flow 
Mean -2a +2c 

10% Low activity level without field 2510 2495 2525 
12% Low activity level without field 1854 1841 1867 
15% Low activity level without field 1296 1286 1306 
10% High activity level without field 6430 6400 6460 
12% High activity level without field 4940 4915 4965 
15% High activity level without field 3642 3622 3662 
10% No other activity but field 2714 2653 2775 
12% No other activity but field 1952 1899 2006 
15% No other activity but field 998 953 1043 
10% Low activity level with field 6257 6184 6330 
12% Low activity level with field 4688 4623 4753 
15% Low activity level with field 3047 2991 3103 
10% High activity level with field 10004 9922 10086 
12% High activity level with field 7637 7565 7709 
15% High activity level with field 5282 5222 5342 



EPV of cash-flow to owners 
Mean -2a +2o 

10% Low activity level without field 1868 1857 1879 
12% Low activity level without field 1272 1263 1281 
15% Low activity level without field 791 785 797 
10% High activity level without field 4765 4743 4787 
12% High activity level without field 3378 3361 3395 
15% High activity level without field 2225 2213 2237 
10% No other activity but field 1789 1733 1845 
12% No other activity but field 925 877 973 
15% No other activity but field -104 -144 -64 
10% Low activity level with field 4804 4742 4866 
12% Low activity level with field 3159 3105 3213 
15% Low activity level with field 1480 1435 1525 
10% High activity level with field 8439 8372 8506 
12% High activity level with field 6105 6048 6162 
15% High activity level with field 3841 3795 3X87 
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EPV of cash-flow to state and take 
Mean -2a +2c Take 

10% Low activity level without field 8061 8012 8110 81 
12% Low activity level without field 5812 5773 5851 82 
15% Low activity level without field 8061 8012 8110 91 
10% High activity level without field 20682 20584 20780 81 
12% High activity level without field , 15465 15387 15543 82 
15% High activity level without field 10930 10870 10990 83 
10% No other activity but field 9813 9692 9934 85 
12% No other activity but field 8278 8175 8381 90 
15% No other activity but field 6484 6402 6566 102 
10% Low activity level with field 16595 16427 16763 78 
12% Low activity level with field 13129 12987 13271 81 
15% Low activity level with field 9703 9591 9815 87 
10% High activity level with field 28359 28138 28580 77 

12% High activity level with field 21978 21794 22162 78 
15% High activity level with field 15992 15847 16137 81 
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Table A5: Deterministic results, mean rcvcriing price process and currcni tax system 

10% discounting After tax Owner State Take 
Low activity level without field 2503 1875 7988 80.99 
High activity level without field 6413 4805 20499 81.01 
No other activity but field 2983 2275 9153 80.09 
Low activity level with field 6074 5422 15681 74.31 
High activity level with field 9984 8477 28053 76.79 

12% discounting After tax Owner State Take 
Low activity level without field 1848 1279 5749 81.80 
High activity level without field 4922 3411 15317 81,79 
No other activity but field 2188 1396 7723 84.69 
Low activity level with field 4506 3782 12357 76.57 
High activity level with field 7631 6207 21656 77,72 

15% discounting After tax Owner State Take 
Low activity level without field 1291 798 3856 82.85 
High activity level without field 3622 2248 10813 82.79 

No other activity but field 1198 333 6045 94.78 
Low activity level with field 2856 2089 9082 81.30 
High activity level with field 5290 4014 15672 79.61 



Table A7: Geometric randoif walk and expensed capital costs 
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EPV of after tax cash-flow 
Mean -2o +2 a 

10% Low activity level, without field 1462 1287 1637 
12% Low activity level, without field 1033 921 1145 
15% Low activity level, without field 691 623 759 
10% High activity level, without field 5480 5139 5821 

12% High activity level, without field 4213 3996 4430 
15% High activity level, without field 3122 2994 3250 
10% No other activity but field -891 -1171 -611 
12% No other activity but field -1042 -1280 -804 

15% No other activity but field -1317 -1508 -i!26 
10% Low activity level, with field 1066 641 1491 
12% Low activity level, with field 425 88 762 
15% Low activity level, with field -237 -491 17 
10% High acrivity level, with field 6028 5459 6597 
12% High activity level, with field 4490 4064 4916 

15% High activity level, with field 3020 2714 3326 



EPV of cash-flow to owners 
Mean -2 a +2 a 

10% Low activity level, without field 824 690 958 
12% Low activity level, without field 451 371 531 

15% Low activity level, without field 185 141 229 
10% High activity level, without field 3941 3682 42(H) 
12% High activity level, without field 2772 2621 2923 
15% High activity level, without field 1816 1737 1895 
10% No other activity but field -2172 -24(H) -1945 
12% No other activity but field -2499 -2684 -2314 
15% No other activity but field -2897 -3035 -2759 

10% Low activitv level, with field -794 -1134 -454 

12% Low activity level, with field -1524 -1782 -1266 
15% Low activity level, with field -2198 -2380 -2016 

10% High activity level, with field 3375 2931 3819 
12% High activity level, with field 1834 1520 2148 
15% High activity level, with field 464 254 674 
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EPV of cash-flow to state and take 
Mean -2o -r2o Take 

10% Low activity level, without field 7910 7381 8439 91 
12% Low activity level, without field 5713 5385 6041 93 
15% Low activity level, without field 3857 3672 4042 95 
10% High activity level, without field 19056 17990 20122 S3 
12% High activity level, without field 14210 13547 14873 SJ 

15% High activity level, without field 10027 9651 10403 85 
10% No other activity but field 11684 11100 12268 123 
12% No other activity but field 9763 9283 10243 134 

15% No other activity but field 7558 7194 7922 162 
10% Low activity level, with field 18810 17780 19840 104 
12% Low activity level, with field 14802 14037 15 "67 Ml 

15% Low activity level, with field 10841 10309 11373 125 

10% High activity level, with field 28741 2719i< 30284 89 
12% High activity level, with field 22173 21086 23260 92 
15% High activity level, with field 15976 15258 16694 97 
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Table A8: Deterministic results, geometric random walk and expensed capital costs 

10% discounting After tax Owner State Take 
Low activity level, without field 2315 1735 7388 81 
High activity level, without field 6036 4525 19296 81 
No other acnvity but field 2453 1333 8237 86 
Low activity level, with field 5637 4429 14371 76 
High activity level, with field 9526 6764 26587 80 

12% discounting After tax Owner State Take 
Low activity level, without field 1691 1170 5261 82 
High activity level, without field 4608 3195 14338 82 
No other activity but field 1751 484 6918 93 
Low activity level, with field 4149 2706 11252 81 

High activity level, with field 7378 4602 20301 82 

15% discounting After tax Owner State Take 
Low activity level, without field 1168 722 3489 83 
High activity level, without field 3376 2097 1(K)76 83 
No other activity but field 864 -528 5372 111 

Low activity level, with field 2604 979 8186 89 

High activity level, with field 5268 2572 14442 85 
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Table A9: Geomeiric random walk and oil allowance 

EPV of after tax cash-flow 
Mean -2a +2a 

10% Low activity level, without field 1462 1287 1637 
12% Low activity level, without field 1033 921 1145 

15% Low activity level, without field 691 623 759 
10% High activity level, without field 5480 5139 5821 
12% High activity level, without field 4213 3996 4430 
15% High activity level, without field 3122 2994 3250 
10% No other activity but field -528 -823 -233 
12% No other activity but field -760 -1012 -508 

15% No other activity but field -1128 -1329 -927 
10% Low activity level, with field 1895 1443 2347 
12% Low activity level, with field 1055 695 1415 
15% Low activity level, with field 187 -86 460 

10% High activity level, with field 7670 7061 8279 
12% High activity level, with field 5797 5334 6260 

15% High activity level, with field 3978 3640 4316 
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EPV of cash-flow to owners 
Mean -2o +2o 

10% Low activity level, without field 824 690 958 
12% Low activity level, without field 451 371 531 
15% Low activity level, without field 185 141 229 
10% High activity level, without field 3941 3682 42(H) 
12% High activity level, without field 2772 2621 2923 
15% High activity level, without field 1816 1737 1895 
10% No other activity but field -1583 -1829 -1337 

12% No other activity but field -1957 -2159 -1755 
15% No other activity but field -2417 -2570 -2264 
10% Low activity level, with field 156 -212 524 

12% Low activity level, with field -698 -981 -415 

15% Low activity level, with field -1503 -1707 -1299 
10% High activity level, with field 5032 4549 5515 
12% High activity level, with field 3211 2861 3561 

15% High activity level, with field 1552 1312 1792 
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EPV of cash-flow to state and take 
Mean -2a +2a Take 

10% Low activity level, without field 7910 7381 8439 91 
12% Low activity level, without field 5713 5385 6041 93 
15% Low activity level, without field 3857 3672 4042 95 
10% High activity level, without field 19056 17990 20122 83 
12% High activity level, without field 14210 13547 14873 84 
15% High activity level, without field 10027 96S1 10403 85 
10% No other activity but field 10956 10391 11521 117 

12% No other activity but field 9162 8699 9625 127 
15% No other activity but field 7109 6759 7459 152 
10% Low activity level, with field 17297 16296 18298 99 

12% Low activity level, with field 13585 12846 14324 105 

15% Low activity level, with field 9940 9431 10449 118 
10% High activity level, with field 27146 25637 28655 84 

12% High activity level, with field 20835 19780 21890 87 

15% High activity level, with field 14903 14214 15592 91 
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Table A10: Deterministic results, geometric rundo:. walk and oil allowance 

10% discounting Aftertax Owner State Take 
Low activity level, without field 2315 1735 7388 81 
High activity level, without field 6036 4525 19296 81 
No other activity but field 2870 2021 7382 79 
Low activity level, with field 6072 5270 13082 71 
High activity level, with field 10741 9272 23670 72 

12% discounting After tax Owner State Take 
Low activity level, without field 1691 1170 5261 82 
High activity level, without field 4608 3195 14338 S2 

No other activity but field 2058 1117 6232 85 
Low activity level, with field 4504 3614 10156 74 

High activity level, with field 8353 6958 17894 72 

15% discounting After tax Owner State Take 
Low activity level, without field 1168 722 3489 S3 
High activity level, without field 3376 2097 10076 83 

No other activity but field 1050 36 4881 99 
Low activity level, with field 2845 1900 7343 79 

High activity level, with field 5956 4692 12623 73 



Table A l 1: Geometric random walk and carry-back 
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EPV of after tax cash-flow 
Mean -2cj +2o 

10% Low activity level, without field 2157 1935 2379 
12% Low activity level, without field 1531 1390 1672 
15% Low activity level, without field 1024 940 1108 
10% High activity level, without field 7123 6687 7559 
12% High activity level, without field 5425 5149 5701 
15% High activity level, without field 3963 3802 4124 
10% No other activity but field 132 -200 464 
12% No other activity but field -210 -490 70 
15% No other activity but field •702 -924 -480 

10% Low activity level, with field 2594 2079 3109 
12% Low activity level, with field 1572 1149 1995 
15% Low activity level, with field 529 230 828 

10% High activity level, with field 8169 7462 8876 
12% High activity level, with field 5998 5475 6521 
15% High activity level, with field 3921 3552 429(1 



EPV of cash-flow to owners 
Mean -2a +2o 

10% Low activity level, without field 911 775 1047 
12% Low activity level, without field 481 401 561 
15% Low activity level, without field 181 137 225 
10% High activity level, without field 4098 3835 4361 
12% High activity level, without field 2811 2660 2962 
15% High activity level, without field 1789 1711 1X67 
10% No other activity but field -1686 -1923 -1449 

12% No other activity but field -2170 -2360 -1980 
15% No other activity but field -2692 -2834 -2550 
10% Low activity level, with field -348 -694 _2 

12% Low activity level, with field -1311 -1569 -1053 
15% Low activity level, with field -2166 -2347 -1985 
10% High activity level, with field 3780 3325 4235 
12% High activity level, with field 1994 1675 2313 
15% High activity level, with field 443 231 655 
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EPV of cash-flow to state and take 
Mean -2a +2o Take 

10% Low activity level, without field 8083 7546 8620 90 
12% Low activity level, without field 5726 5399 6053 92 
15% Low activity level, without field 3786 3605 3967 95 
10% High activity level, without field 19503 18422 20584 83 
12% High activity level, without field 14263 13602 14924 84 
15% High activity level, without field 9858 9491 10225 85 
10% No other activity but field 11472 10881 12063 117 
12% No other activity but field 9406 8932 9880 130 
15% No other activity but field 7154 6803 7505 160 
10% Low activity level, with field 19208 18156 20260 102 
12% Low activity level, with field 14770 14(X)5 15535 110 
15% Low activity level, with field 10554 1(X)35 11073 126 
10% High activity level, with field 29447 27878 31016 89 

12% High activity level, with field 22351 21267 23435 92 
15% High activity level, with field 15905 15205 16605 97 
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Table A12: Deterministic results, geometric random walk and carry-hack 

10% discounting After-tax Owner State Take 
Low activity level, without field 2960 1769 7516 81 
High activity level, without field 7694 4613 19637 81 
No other activity but field 3225 1892 7739 80 

Low activity level, with field 6718 4660 14059 75 
High activity level, with field 11431 7826 25762 77 

12% discounting After-tax Owner State Take 
Low activity level, without field 2147 1170 5248 82 
High activity level, without field 5825 3191 14305 82 

No other activity but field 2374 911 6412 88 

Low activity level, with field 4939 3015 10726 78 
High activity level, with field 8652 5557 19283 78 

15% discounting After-tax Owner State Take 
Low activity level, without field 1466 705 3406 S3 
High activity level, without field 4215 2047 9841 83 

No other activity but field 1316 -212 4922 105 
Low activity level, with field 3104 1364 7618 85 
High activity level, with field 5944 3437 13514 so 


