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1. INTRODUCTION 

"Stop talking risk and start talking business • we. the state, take most of the risk" 

This statement made by a Norwegian official representative during a tax conference in 
Amsterdam some years ago when addressing oil company representatives, serves as a 
basis for this analysis of petroleum tax systems and risk sharing. 

We will compare three different Norwegian petroleum tax systems with regard to risk 
and risk sharing between the state and the companies participating in coloration and 
production on the Norwegian continental shelf (NOCS). The three tax system are the 
pre 1986/87 system, the 1986787 -1991 system and !he 1992 system. These system 
will be rewieved briefly in chapter two. 

We will use four different measures of risk: sensitivity, variance, coefficient of 
variation and probability of bad outcomes, which will be presented and discussed 
further in chapter three. 

In official publications describing the activity on the NOCS, risk is often mentioned as 
a particular feature of this business. In chapter four statements regarding risk in 
official publications are reviewed and evaluated. 

The comparisons are presented in chapter five. A summary is given in chapter six. 
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2. THE DIFFERENT TAX SYSTEMS 

We compare the risk sharing characteristics of three different petroleum tax systems, 
that is the system prevailing up to 1987, from 1987 to 1991 and finally, the petroleum 
tax system accepted by the Storting early 1992. These will be described rather 
summarily in the following. 

2.1 Pre 1986/87 

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, 
exploration 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, nc: 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 (27.8%), 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 
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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. 

In I97S the Norwegian government introduced a tax package which maintained the 
royalty provisions described above but substantially changed income taxation. The 
197S Act introduced allowances which apply equally to both income taxes. Deficits 
may be carried forward for IS 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 Nonh 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 oil 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 development meant a very sharp rise in the real 
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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 the tax provisions in force - or, as expressed for the 
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 
-osts would always be allowable over the life of a field even when strict application of 
the rule 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. 

To summarize, the main points are: 

* Progressive schedule of royalty rates 
* Linear depreciation over 6 years from the time the production starts 
* Dividend deduction against state tax at 27.8% 
* Wihholding tax (rate depends on tax agreement) 
•Municipal tax at 23% 
•Special tax at 35% 
* Uplift at 6 2/3% given for 15 years 

2 , 3 1986/87 - 1991 

In the summer of 1986, after the price decline, major concessions were made in the 
fiscal system. From January 1, 1987, the rate of the Special Tax was reduced from 
35% to 30%. From die same date depreciation, for both Special Tax and income tax, 
commences from the time the expenditure is incurred. Uplift is no longer available on 
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capital expenditure after January 1987. but as a transitional measure, uplift on past 
expenditure continues according 10 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. 

Again, to summarize, the main features of this regime are: 

* Linear depreciation over 6 years from the time the expenditure is incurred 
* Dividend deduction against state tax at 27.8% 
* Wihholding tax (rate depends on tax agreement) 
* Municipal tax at 23% 
* Special tax at 30% 
* Production allowance equal to 15% of gpv. deductible against special tax 

2.4 Post 1991 

Due to a general revision of the Norwegian onshore tax system, the petroleum tax 
system also experienced a major overhaul early 1992 since it partly builds on the 
onshore corporate tax system. The major changes were removal of the dividend 
deduction against state tax, removal of the production allowance and instead re
introducing die uplift. This time the uplift rate was set to 5% of investments given for 
6 years from the time die expenditure is incurred. The corporate tax rate was set to 
28%. In order to maintain petroleum tax revenue at the same level as with the former 
tax system, the special tax rate was set to 50%. No changes were introduced regarding 
die depreciation system and rates for investments. 

To summarize: 

* Linear depreciation over 6 years from the time the expenditure is incurred 
* No dividend deductions 
* No withholding lax 
* Corporate tax at 28% 
•Special tax at 50% 
* Uplift, 5% of investments for 6 years - deductible against special tax 
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MEASURES OF RISK 

Although in modem parlance the term risk has come to mean "hazard" or "danger of 
loss, the Latin word risicum retained some positive connotations at least up to the 
Middle Ages. In this earlier form, risk refers to chance or luck • both good and bad. 
Modern investment analysis has returned to the original meaning of risk, identifying 
the latter with the dispersion of returns, i.e. with possible deviations (both positive 
and negative) from the expected return. The most widely used method of risk analysis 
utilizes the expected (mean) profit as an indicator of an investment's anticipated 
profitability and the variance (or standard deviation) as an indicator of its risk. 

Most authors use the concepts risk and uncertainty without distinguishing between 
them. But Palmer (1980) states that risk may be thought of as a combination of pure 
risk and pure uncertainty. In his terminology pure risk refers to uncertain outcomes 
for which the evidence of past identical events can be used to determine a probability 
distribution of possible future outcomes (e.g. gambling or insurance). Pure 
uncertainty refers to the uncertain outcome of a unique event for which past history 
cannot be used as a guide to future outcome. Every investment combines both risk aud 
uncertainty - some aspects of a project being more predictable and others less. In 
petroleum production, geological and commercial risk (for the large firm, at least) are 
closer conceptually to pure risk, while political risk is closer to pure uncertainty. At the 
pre-development stage, firms can, and do, generate probability distributions of such 
input parameters as reservoir size, costs, and petroleum prices based on past 
experience, and from these data they generate a probability distribution of possible 
outcomes. In contrast, evaluation of political risk must be based on separate, wholly 
subjective judgments. 

In order to introduce different risk indicators we must first introduce expected profit. 
This is an indicator of an investment's anticipated profitability, and is defined as the 
probability weighted average of possible outcomes. 

The most commonly measure of risk in modern investment analysis is probably the 
variance, or the standard deviation, which measures the dispersion of profits around 
the expected value. It quatifies the deviation of the actual returns from the expected 
return. However, since capital budgeting typically deals with multi-period 
investments, some of which constitute mutually exclusive alternatives, the expected 
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nei present value must be substituted for the expected yearly profit at t measure of a 
project's profitability. By analogy, the variance of the net present value is used as the 
risk indicator. In our presentation of results in chapter five, we will use the standard 
deviation as our measure, since variance is the same as standard deviation squared. 

Occasionally using the variance as an indicator of risk can be misleading. Clearly, the 
larger is the variance of earnings, the larger is the chance (hat the actual return will 
deviate significantly from the expected return. However, in some cases the expected 
npv of a proposal under consideration may be so large that the proposal should be 
considered relatively safe even it has a large variance. 

In order to overcome these shortcomings some writers have advocated that the 
coefficient of variation, which is simply defined as the standard deviation divided 
(normalized) by the expected profit, be used instead of the standard deviation as the 
measure of an investment's risk. 

Does die replacement of the standard deviation by the coefficient of variation overcome 
all the difficulties encountered in measuring risk? The answer is clearly negative. 
Although the coefficient of variation can serve as a better measure of risk in some 
cases, it resolves by no means all the problems related to the meaning of risk. For 
instance, when die expected profit approaches zero, die coefficient of variation 
approaches infinity. In spite of this weakness die indicator is usefil for our purpose, 
and we will supplement our analysis by showing the coefficient of variation for the 
different cash flows. 

A more pragmatic way of handling project risk, which probably is the most common 
method of evaluating a project's risk in practice, is sensitivity analysis. The firm 
makes its best estimate of the revenues and costs involved in a project, calculates the 
project's NPV (or the IRR for mat matter), and then checks the sensitivity of the NPV 
to possible estimation errors of the gross revenue and the various cost items. In the 
exercise we are going through later we will compare the sensitivity of cash flows for 
die company and me state for a given project. 

Another measure very common when discussing risk is the probability of a bad 
outcome. We will also include this in our analysis, that is the probability of a negative 
NPV. 

In mis report only price risk is considered. AU other factors will be treated as certain. 
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4. RISK, REWARD AND TAX 

It is widely accepted that decision makers in large mining firms are averse 10 risk: they 
accept increased risk only if it is compensated by a sufficient increase in the expected 
return on investment Risk aversion tends to increase as the scale of investment 
increases relative to die rum's net worth. It implies that, if there is a substantial risk of 
failure, a firm will no: invest even where the expected return exceeds the return on a 
riskless investment by a considerable margin. It also implies that, for each investor, 
there is a positive relationship between increasing risk and the minimum acceptable 
return on investment Each investor's risk premium is determined by his psychological 
attitude to nsk bearing, and this will differ between investors and countries and over 
time. The important point, stressed by Garnaut and Ross (1975), is that perceived risk 
and, hence, the risk premium, is strongly influenced by government policy - directly 
through the tax structure, which determines the post-tax probability distribution of 
possible outcomes, and indirectly by its "track record, which influences the investor's 
perceptions of political risk. The lower the risk premium, the greater are the expected 
rent revenues accruing to the govemme.it consistent with a decision to invest 

A unifying theme of the vast literature on public finance is that taxation weakens 
incentives. This weakening usually is illustrated in a labour market setting where the 
individual is choosing between work and leisure. 

Proportional tax with full loss offset provisions has been subject to a great deal of 
analysis, see Mossin (1968), the seminal article being Domar and Musgrave (1944). 
The major conclusion is that taxation with full loss offset increases risk taking by risk 
averse entrepreneurs. From this some have concluded that entrepreneurial risk taking 
can be encouraged by increases in proportional taxes and/or greater provisions for loss 
allowance. Lipprcan and McCall (1982) and Stiglitz (1972) challenges this position. 
Stiglitz (op.cit, p. 351) concludes that "no clear answer emerges to the important 
policy question of whether the government should tax riskier industries at lower or 
higher rates than safe industries". Lippman and McCall (op.cit, p. 83) says that 
whereas one might reasonably conclude that taxes are useful in overcoming the risk 
aversion of entrepreneurs, enabling and inducing them to undertake risky investments, 
the sharing provisions of the risk enhancing taxation also can induce these same firms 
to misallocate effort amongst productive activities. The net impact of these two forces 
upon efficiency need not be beneficial. 

http://govemme.it
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ln Oi.prp.nr.26 (1974-75) il is stated that risks associated with investments on the 
NOCS often clearly exceeds those of onshore investments. In this whitr paper risk is 
considered an important element which the authorities has to take into consideration 
when designing the petroleum tax system. "A tax system should give a reasonable 
return after tax to the company's engaging. Evaluating how big this return shou'd be. 
risk must be an important consideration. The greater the risks associated with an 
investment - the greater the return must be, if everything turns out well."1 

In the course of 1979-80, prices of crude oil showed a dramatic rise, and this sharp 
increase in expected profits was the reason why the Royal MV.inry of Finance iJecided 
to reconsider Norwegian petroleum taxation. The ministry's aim was f/rimarily to 
ensure that Norway would receive a larger share of the increased profits than what 
would follow from the tax provisions in force. In Ot.prp.nr.37 (1979-80), one of the 
most voluminous white papers regarding changes in Norwegian petroleum taxation, 
risk is not mentioned. 

However, a few yeais. later Øien (1983) devotes one chapter to discuss petroleum 
taxation and the carrying of risk. He states that there exists a trade-off between 
expected future tax revenues to the state, and the risk of losing this revenue. This is a 
risk which the state has to carry. If the state wants to carry less risk, it must also 
accept lower expected future tax revenues. In the same report it is further stated that as 
a main rule the state is better off not reducing its risk-carrying compared to the 
situation prevailing at the time - "This will probably cost too much in the form of lost 
expected future tax revenues."2 As noted above, there is a positive relationship 
between increasing risk and the minimum acceptable return on investment. It is very 
interesting to see the very same theoretical relationship used as an argument in favour 
of a high special tax rate. 

Due to the sharp decrease in real oil prices in 1985/1986, the government had to 
reconsider the fiscal framework for the oil companies in order to stimulate activity on 
the NOCS. In Ot.prp.nr. 3 (1986-87) rather favourable conditions were introduced. In 
this white paper cost consciousness and incentives for development are mentioned as 
important elements to consider when changing the tax system. Risk is not mentioned. 

Page 12, my translation. 
Øien 1983, p. 49, our translation. 

http://Oi.prp.nr.26
http://Ot.prp.nr.37
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Frognes (1991) discusses tax and risk sharing, and bated on historic accounting data 
for the period 1985-1987 for companies in full lax paying position, be presents an 
example where before lax profit drops by 3,3 billion kroner, from 5 J to 2,0 billion 
kroner due to the oil price decline. Ai die same time profit after tax drops by only 0 J 
billion kroner, that is from 1,1 to 0,8 billion kroner. In his view this example shows 
very clearly how most of the risk is absorbed by the state. Since each oil company in 
a full tax paying position can deduct all of its expenses from tax, not just those 
associated with the income producing field, Frognes uses these observations to argue 
in favour of a lowering of tax rates in order to achieve a more equitable distribution of 
future risk between the state and the companies. 

The traditional view of the business as particularly risky is challenged in Ot.prp.nr. 12 
(1991-92). In this white paper return on investment for off-shore and onshore 
industry in the period 1986-1990 is compared. The background for this exercise is that 
if the off-shore industry is particularly risky, this could be supported by an observed 
greater variance in the rate of return, and a systematically higher rate of return in this 
industry compared to the onshore industry. By observing the data over this rather 
short period the white paper concludes: "Good profitability for the companies on the 
NOCS, even in die years after the drop in the oil prices, can however indicate that the 
rate of return is higher than what risk alone should imply."3 In the white paper these 
observations were actually used as one of the supporting arguments for not reducing 
die aggregate future tax burden on the oil companies. This argument was, not 
surprisingly, strongly opposed by die oil industry, since the bad state of the onshore 
industry and onshore rate of return actually were one of die reasons for the general 
revision of the ordinary business taxation system. In addition it is of course important 
to take into consideration the observation in Skinner (1990), which is based on 
research done at CM, that the industry had still not earned a positive accumulated after 
tax profit. 

Actually, the somewhat superficial observations regarding the rate of return and 
riskiness of the business in the white paper, get some support by recent research 
where the conclusion is that the oil industry is not particularly risky compared to 
industries producing copper, aluminium, lead, wheat etc, with respect to price risk. 
The oil industry is in the middle of the road. But this research does not take into 
account all the other risk elements the oil industry are exposed to, like exploration risk, 
reservoir performance, the economic life of fields and so on. 

Ot.prp.nr. 12 (1991-92), p. 12, our translation. 

http://Ot.prp.nr
http://Ot.prp.nr


I) 

5. RESULTS 

We will present results for the risk indicators previously mentioned, and for three 
different cash-flows: gross cash flow, cash flow to state and after-tax cash-flow. We 
will present the results for a company in a full tax-paying position (on-going basis) 
and for a company developing die project on a stand-alone basis, since this distinction 
is of crucial importance when discussing risk sharing. The project we analyse is a 
medium sized oil field. We perform the Monte Carlo simulations using two different 
price models: a "risky" price, and one less "risky". The second model assumes that 
there are some market forces driving the price toward some middle price, in this case 
22 usd/barrel. The first price model makes no such assumptions, the price moves as a 
random walk. 

We have performed the calculations using both the governmental 7% and a 10% real 
discount rate, which is probably closer to company assumptions. We only present 
results with the 7% real discount rate, as the picture is very much the same for both 
assumptions. As our base oil price scenario we will use 22$/barrel real. We assume 
that the project is fully equity financed and look away from all side-effects on reserve 
fund and value of loan financing. 

5 . 1 Sens i t iv i ty 

In figure 5.1 below we compare the NPV sensitivity of after-tax cash-flow for the 
three different tax regimes in question - pre 1987,1987-1991 and post 1991. 
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HNtlTIVITY 
NPV of AHar Tai Cacti *l«v (7%) 

Ongoing • * • ) • 

4 »ie H I (20 122 S24 t 2 ( 121 «30 
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Figure 5.1; NPV sensitivity of after tax cash flow, Th discount rate, on-going basis. 

In figure S.2 below we compare the NPV sensitivity of cash-flow to state for the three 

different tax regimes in question - pre 1987,1987-1991 and post 1991. 

SENSITIVITY 
NPV of Cash Now to SMt* (7%) 

Ongoing Basi* 

It «16 «18 (20 «22 «24 «26 «28 «30 

PiB 1987 1987-1991 — — "Poll 1M1 

Figure 5.2; NPV sensiuvity of cash flow to state, 7% discount rate, on-going basis. 
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In figure 5.3 below we summarize the information content in the two figures above, 
and compare the NP V sensitivity of cash flow to stale and after tax cash flow, in order 
to see which of the two cash flows is the most "risky". 

•INaiTIVITV 
Afttr Tax Cain Flow »» Cath Flow to Stala (7%) 

Ongoing • •* ! • 

140,00 

120.00 

100.00 

2 S0.00 
m 

60.00 LLL 
ICMhfbwIosUla HAItar lax cash flow 

Figure 5.3; NPV sensitivity of cash flow to state and after tax cash flow, 7% discount rate, on-going 
basis. 

The picture is rather clear. The sensitivity of after tax flow for the company is clearly 
less than that of the state. For the company we see an increase in sensitivity from the 
pre 1987 tax regime to the 1987-1991 tax regime, and a decrease again when entering 
the new tax regime, while only small changes emerge when we look at the cash flow 
to the state, the sign of change being the opposite of that of the company. This is not 
surprising, as we remember that s slight increase/decrease in oil price will in money 
terms have a greater impact on cash flow to state, dus to the 78%-85,8% take. 

We will do the same analysis for a company developing the company on a stand-alone 
basis. Figures 5.4 to 5.6 below show the findings. 
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•INSITIVITV 
NPV of Ataf T u C a * Ftow (7%) 

fund-don* •••<• 

•1907-1991 ~ " — " P o t t 1991 

Figure S.4; NPV sensitivity of after lax cash flow, 7% discount rate, stand-alone basis. 

SENSITIVITY 
NPV of Cnh Flow to Stat» (7%) 

Sund-alon* Baal* 

2400.00 • 

2000.00 

1600.00 . 

1200.00 • 

800.00 • 

400.00 ' 

S10 (12 (14 (10 S18 $20 (22 (24 (20 (20 (30 

Pre 1807 -1987-1991 Post 1991 

Figure 5.5; NPV sensitivity of cash flow to state, 7% discount rate, stand-alone basis. 
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SINSITIVITV 
Attar Tax Caah Flow v» Cash Flow to Halo (7%) 

Stand-alona laala 

Pf« 1987 1987-1891 Poll 1W1 

• CxhdowlotW» • Alltr ux CMh Ho» 

Figure S.6; NPV sensitivity of cash flow to state and after lax cash flow, 7% discount rale, stand
alone basis. 

While the sign of the changes are the same as for the on-going basis case, we see that 
the difference in NPV sensitivity of cash flow to state and after tax cash flow are much 
smaller than in the stand-alone case. This is not surprising. In the stand-alone case the 
company carries more of the risk since it takes some time before it comes in a tax 
paying position. The higher the oil price scenario, the faster it comes in a tax paying 
position. Royalty payments in the pre 1987 tax regimes also contributes to the non-
linearities in figures 5.4 to 5.5. 

Thus, based on observation of price sensitivity, we can temporarily conclude that 
most of the risk is carried by the state, although how much depends on whether the 
company is in a tax paying position or not. 
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5.2 Standard deviation 

In figure 5.7 below we show expected NPV of cash flows to company and the sute 
for the three different lax regimes in question • pre 1987,1987-1991 and post 1991. 

Expactad Cash Flows 
Ongoing Basi* (7%) 

To stats After tax 

I Pra 1987 I 1987-1991 • Post 1991 

Figure 5.7; Expected cash flows, on-going basis, 7% real discount rate. 

The figure shows how the tax change in 1986/1987 improved the economics of the 
field, while the opposite is the case for the recent tax change. 

If we proceed and focus on the distribution of returns for the company and the state in 
the different tax regimes, the following picture emerges: 
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Standard Deviation In Caah Plow* 
Ongoing Basis (7%) 

To slat* After tax 

• Pre 1987 • 1987-1991 • Post 1991 

Figure 5.8; Standard deviation in expected npv of cash flows, on-going basis, 7% real discount rate. 

The standard deviation gives much of the same picture regarding risk sharing and the 
sign of changes in risk due to changes in tax regime as we saw in the sensitivity 
chapter. When measured this way, in the pre 1987 tax regime the state takes 85% of 
the total risk, in the 1987-1991 regime the state takes 73% of the total risk while in the 
post 1991 regime the figure is 78%. The distribution of total risk corresponds to the 
tax take. 

In figure 5.9 we present the figures for the less risky price model. 
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Standard Deviation In Caah Flow» 
Ongoing Baal* (7%) 

• Pre 1987 • 1 9 8 7 - 1 9 9 1 • Post 1991 

Figure S.9; Standard deviation in expected cash flows, on-going basis, 7% real discount rale. Mean 
reverting price model. 

The sign of changes and the distribution of risk are equal to before, the only thing that 
has changed is the size of the risk, measured by standard deviation. 

We can use the same price model, and focus on a situation where the field is 
developed by a company on a stand-alone basis. Figure 5.10 shows the expected NPV 
of cash flows for this case, and figure 5.11 the standard deviation. 
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Expected Cash Flows 
Stand-alone Bails (7%) 

I Pre 1987 • 1987-1991 • Post 1991 

Figure S. 10; Expected cash flows, stand-alone basis, 7% real discount rate, mean reverting price 
model. 

Standard Deviation in Cash Flows 
Stand-alone Basis (7%) 
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Figure 5.11; Standard deviation in expected cash flows, stand-alone basis, 7% teal discount rate, mean 
reverting price model. 
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The figures for risk-sharing in this case is 73%, 66% and 71% for the three uu 
systems. Not surprisingly, in the stand alone case the state carries less risk than in 
the on-going basis case. 

5.3 Coefficient of variation 

We then move on to look at another measure of risk, namely the coefficient of 
variation. Recall that this measure is simply defined as the standard deviation divided 
(normalized) by the expected profit, and that it offers an alternative to the standard 
deviation as a measure of an investment's risk. 

In figure 5.12 and 5.13 below we show coefficients of variation for cash flows to 
company and the state for the three different tax regimes in question - pre 1987,1987-
1991 and post 1991, on-going basis and stand-alone basis. 

Coefficient o» Variation for Cash Flows 
Ongoing Basis (7%) 

To stats Aftsr lax 

• Pre 1987 B1987-1991 • Post 1991 

Figure 5.12; Coefficient of variation for cash flows, on-going basis, 7% real discount rate, mean 
reverting price model. 
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Figure 5.13; Coefficient of variation for cash flows, stand-alone basis, 7% real discount rale, mean 
reverting price model. 

Here we see another picture than previously with regard to carrying and sharing of 
risk. For the on-going case, we see how risk was reduced for the company from the 
pre 1987 tax regime to the 1987-1991, and then again increased slightly after the last 
tax change. For the state the sign of change is the opposite, but only very small 
changes can be seen in this case. The coefficient of variation for the NPV of state cash 
flow is in all cases substantially lower than that of the company in the on-going case, 
and even more so in the stand-alone case. The negative coefficient of variation in the 
stand-alone case in tax regime pre 1987 is due to the negative expected NPV of the 
field in this case. 

5.4 Probability of negative outcome 

As our last measure of risk, we will focus on the probability of a negative outcome, 
that is to say a negative NPV. 

In figure 5.14 and 5.15 below we show this probability for cash flows to company 
and the state for the three different tax regimes in question - pre 1987, 1987-1991 and 
post 1991, on-going basis and stand-alone basis. 
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Figure S. 14; Probability for negative outcome for cash flows, on-going basis, 7% real discount rale, 
mean reverting price model. 
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Figure S.15; Probability for negative outcome for cash flows, stand-alone basis, 7% real discount rate, 
mean revetting price model. 
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Here again we see another picture than what we saw earlier with sensitivity and 
variance as our measures with regard to carrying and sharing of risk. For the on-going 
case, we see how probability of negative outcome was reduced for the company from 
the pre 1987 tax regime to the 1987-1991, and then again increased slightly after the 
last tax change. This is of course mainly due to the removal of royalty. For the state 
the sign of change is the opposite, but again, only very small changes can be seen. 
The probability of negative outcome for the stale cash flow is in all cases substantially 
lower than that of the company in the on-going case, and in the stand-alone case zero. 
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SUMMARY 

We have focused on four different measures of risk well known from the finance 
literature, namely sensitivity, standard deviation, coefficient of variation and finally 
probability of a negative expected NPV. While the two first measures show that the 
state carries most of the risk, the latter measures shows the opposite result. Whether or 
not the project is developed on a stand-alone or on-going basis has a crucial impact on 
much risk the company carries. 

We have also looked at the risk development as a consequence of changes in tax 
regime. While the two fist measures of risk (sensitivity and standard deviation) show 
an increase in risk for the company from the pre 1987 tax regime to the 1987-1991 tax 
regime, and a decrease in risk as a consequence of the last change, the opposite is the 
case when we look at the two last measures of risk, namely coefficient of variation and 
probability of a negative expected NPV. The same is the conclusion for the state, 
except that the sign of change is the opposite that of the company. 

This analysis could have been extended to include a risk concept based on the well 
known Capital Asset Pricing Model (Snarpe 1964, Lindtner 196S and Mossin 1966), 
which is relevant risk, or covariance risk. This model concludes that the return on any 
risky asset is a function of the correlation between the return on this asset and the 
market portfolio- In this case only the projects contribution to the portfolio risk should 
be accounted for. For the Norwegian state it is not unreasonable to assume that the 
risk contribution of a medium sized oil field to a big portfolio of fields and onshore 
activities only is marginal. For the national or international oil company somewhat less 
marginal, and for a company developing the field on a stand-alone basis substantial. 
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