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Institutional Arrangements for Natural Resources

Horst Siebert*, Konstanz

P

World wide, institutional arrangements for natural resources
have undergone a major redesign in the last twenty years.
Property rights for reserves of o0il and minerals have

effectively gone over from international firms to the resource
countries. For some renewable resources threatened by
‘extinction such as endangered species new property right; have
been established. -The "High Sea", the "res nullius" (Hugo
Grotius 1601) or a non-property wup to now, has different
subsets of property titles éttached to it such as the 200 mile
economic zones, international fishing commissions and schemes
for using " the minerals of _the sea bott&m. Environmental
scarcity - another aspect of nature‘s resources - has forced
the industrial nations to introduce major laws regulating the
national use of the environment as a receptacle of waste. A
series of transfrontier pollution problems like the acid rain
in Europe or global issues such as the protection of the ozone
layer still have to be solved. Eventually, property rights for

the atmosphere or outer space will have to be developed.

Institutional arrangements and property rights are related
concepts. A property right specifies the allowable wuse of
resources and \goods and it may be envisioned as a.set of norms
and sanctions, legal rules and procedures as well as informal

ways defining the feasible set-for decision making of the



individual units of an economy. In contrast to such a narrowly
interpreted concept of a property right institutional

arrangement is a wider terms 1including a set of property

rights, for instance for an economy, as well as relationships
among autonomous economic units such as contracts. More
specifically, institutional arrangement suggests a broader

term of norms and rules 1including such <concepts as the
incentive system of an economy, "Ordnung" and the economic

constitution.

Institutional arrangements for natural resources Vmay be a
matter of contractual relations between private organizations
such as resource suppliers and buyers. But in many instances
the government 1is involved as one partner in the contractual
relationship, for instance by defining taxation schemes for the
resource industry. Governments will «come in when merit goods
are at stakeAsuch as securing part of the resource rents for
the country or taking into account the 1interest of future
generations, and when public goods are involved, for instance

in the case of environmental quality.

What is so specific about property rights and institutional
arrangements for natural resources? Our contention 1is that
natural resources exhibit specific characteristics that have
implications for institutional arrangements. Analyzing these
implications will provide additional insights into
institutional economics and may permit analogies to
institutional arrangements for other economic 1issues. In
section 1, we study some specifics of natural resources and of
their use. Among the many characteristics, different types of
risk evolve as an important category. Risk allocation and risk

management is therefore at the core of institutional



arrangements for natural resocurces. In the case of private
risks, contractual arrangements can be used to shift some of
the risk from one agent to another. These contractual
relationships such as extraction rights and long-term contracts
and their risk shifting properties will be addressed in section
2. Contractual arrangements may not be incentive compatible.

One of the agents may have an incentive to breach the contract

so that the contract becomes obsolete. This contract risk is
analyzed in section 3. Finally, social risks may arise 1in
using natural resources, requiring specific institutional

settings. Reduction of social risk implies to attribute the
user costs of social risks. This aspect of institutional

arrangements is studied in section 4.

L. Specifics of natural resource allocation

The production and the use of natural resources is

characterized by a set of specifics.

Long time horizon. If we follow the Hotelling paradigm, the
extraction of natural resources is determined in an
intertemporal optimization framework with a time horizon ex-
tended far into the future. This 1is due to the fact that the
stock of a nonrenewabie resource 1s finite 1implying the
explicit consideration of user costs; in the case of a renew-
able resource a long-run steady-state of the resource stock has
to be established. As a more practical argument, the life time
of technical facilities in the resource industry such as mining
shafts, smelters and refineries is estimated to be 20 to 30

years or more.



Vertical stages of production. Technically, natural resource
products are not produced 1in a single process of production,
they follow a vertical chain of production processes with the
stages exploration, setting wup the extraction facilities,
financing, resource extraction, refining and distribution. As a
rule, these stages of production are spatially separated. For
instance, refining activities tend to be located near the-

market of the final product.

The vertical stages of production may be organized within a
hierarchy, for instance an international o0il firm with complete
downstream integration, or they may involve a set of agents
such as the resource countries, exploration firms, banks,
contractors, extraction firms, refining firms and distributors.
When different agents are 1involved, markets and analogous
mechanismé of coordination as well as property rights, for

instance the right to extract, play an important role.

Besides .production, recycling and the return of unusable
resource material (S02, other emissions) to nature is another

aspect of the vertical stage of production and of use.

High set-up costs. The rescurce industry 1is characterized by
high set-up costs. For instance, developing the North Slope of
the Prudhoe Bay in Alasca has cost 24 bill. US-$; 6,7 bill.
US-¢$ were spent for the Ekofisk o0il field in the North Sea.
Other examples are given 1in Siebert (1986). High set-up costs
do not only arise 1in resource development but also in trans-
portation (port facilities, pipelines, LNG—faciIitjes), in
refining and converting (electricity plants) and on the demand

side (energy saving capital).



Private risks. The characteristics of the resource 1industry
mentioned so far, namely long-time horizon, high set-up costs
and a set of autonomous players in the different vertical
stages of production are already a sufficient reason, that the
relationship between the different autonomous agents tends to
be of a long-run nature. Another argument in this direction is
the existence of risks which are too large to be carried by a
single actor and somehow must be reduced for the single agent

by shifting part of the risk to other agents.

Risk means that some of the wvariables relevant for an agent,
for 1instance for the profit-maximizing mine, are random
variables. The agent can assign probabilities to the occurrence
of a specific value of a variable. Risk then is defined as the
deviation of the value of a variable from the mathematical

expected value, that is from the mean.

It is usual to distinguish technological, economic (market) and
political risks (Siebert 1986). Technological risks relate to
innovations in extraction procedures (Alasca), to the success
of~exploration (exploration risk) and to the quality and the
size of a deposit (resource risk). Economic risks refer to the
resource price, to quantities sold and to <costs (operating
costs, closing costs, completion costs). Finally, political
risks address expropriation, variations in extraction rights
and in taxation schemes or in permits. All these risks make up
financial risk. The sums invested in a project may be lost; the

present value of profit is a random variable.

The risks of the resource industry are to a large extent
explained by high set-up costs and the other characteristics of

the 'resource industry. For instance, a randomness 1in price



becomes especially relevant when high set-up costs are involved
and when the decision problem is characterized by a long time

horizon.

Idiosyncratic investment. High set-up costs and high private
risks create an additional problem when the investment is
transaction-specific or "idiosyncratic" (Williamson 1979, 234).
This case arises when the capital value of a project is at the
mercy of the other agent. Consider for instance the case when
the product.of a mine can only be sold to one buyer or when the
supply can only be provided by one seller. Expropriation of an
extraction facility by the resource country, a drastic change
in the taxation schemes, variations in the transport conditions
by a pipeline company are othér examples. In all these cases,
indivisibilities are involved giving rise to the strategic
position of one agent. It is not possible to undermine the
strategic position of an agent by markets. For instance; as a
‘rule there 1is no market for extraction rights with many
partners on the supply side. Note that only part of the set-up
costs are idiosyncratic because markets, if they exist, are a

vehicle to destroy idiosyncracy.

The agent with the 1idiosyncratic investment is "locked in" 1in
his position, as soon as the investment is undertaken. Then he
is exposed to the risk of strategic behavior by the other
agent. The 1idiosyncratic character of part of the high set-up
costs in the resource sector leads to the necessity of long-run
contractual arrangement by which the risk of strategic behavior

is reduced.

Social risk. The production and the use of natural resources

may also give rise to social risk. Then, private contractual



arrangements cannot allocate risk because public goods aspects
are involved. Institutional arrangements have to be developed

which introduce incentives to reduce the social risk.

It may be argued that all the above arguments relate to large-
scale investménts in general and that they are not specific to
the resource industry. If this view 1is correct, the resource
sector exhibits only a gradual variation of a more general
problem. It seems to me that the resource industry shows a
concentration of specific characteristics. Moreover, experience
suggests the resource industry applies institutional
arrangements such as project financing and long-term contracts

that are not formal in other industries.

2. Risk allocation in contractual arrangements

Risk shifting ~is based on the phenomenon that a given variance
in a variable does not have the same impact for different
agents. The agents may have different attitudes towards risk,
they may have different target functions and they may have a
different set of constraints for their maximization
behavior. A given variance in the price of a natural resource
has a smaller risk for a country, if the country not only
exchanges the resource against consumption goods but if it has
accumulated financial assets., Or assume that a resource country
uses part of the resource in production at home. Then the
probability of a fall in the resource price will hit the
country‘s export earnings, but industrial activity at home may
be stimulated due to lower resource prices. A distribution with
weight in the tail for low prices of a natural resource
represents a risk for a resource-exporting country, but a

1



similarly skewed probability distribution is an insurance to a

resource-importing country.

In order to understand risk allocation we first develop a frame
of reference in which we assume only one agent being the
spénsor, the operator and the supplier of capital. Consider a
price risk as shown in figure la with mean p and let a measure
the price risk. Let the price risk a be identically and
independently distributed over time so that the distribution
shown in Figure la holds for each period!’.The firp as a single
agent cannot influence the given probability distribution of

the resource price in a period.

The decision problem of the resource firm is to determine the
optimal time ©profile of extraction for a finite resource stock
and if, capacity is not fixed by teéhnical conditions, to
determine its optimal level of initial investment. Let A denote
initial financial outlays, let =x{(t) be period profits and let
§ be the discount rate. Then the resource firm maximizes the

expected utility of the present value of profits

T
EU Q = -A + EU J e -8t x (t) dt
0

subject to the usual constraints. Due to the price risk a in
each period, the present value of profit Q of the resource firm
is a random variable (Figure 1lb). Although the price risk a for
any period 1is given, the firm can influence the probability
distribution of the present value of profit, i.e. its variance
p, by adjusting the time profile of extraction (and the initial
level of investment). Thus, the probability distribution for Q
in Figure 1b reflects an "optimal" time profile of extraction

for the' firm. Note that the risk-averse agent will not choose



the mean @, but the certainty equivalent present
profit Q.

value of

£(@)
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Figure 1
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Figqure 2
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‘Assume now that there is more risk a’ in the probability
distribution of price in each period (Figure la). Assume that
the increased price risk in each period implies a larger spread
in the present value of profit for a constant mean @, that is

the present value of profit @ has become more risky; the

Y‘) . -
variance has increased.

The firm’s adjustment to the increased risk can be broken down
into two effects: If the (risk-averse) firm does not adjust its
control parameters to the increased risk, for instance, if it
sticks to its previous extraction profile, the variance of the
present value of profits, ¢ , 1is increased as shown in Figure
lb. The firm will choose O’ instead of Q with ﬁ’ lying to the-
left of Q. In figure 2, the movement from Q to é’ due to a
higher price risk a'’ is shown by the movement A to B with A

corresponding to Q and B to Q’.

The firm will, however, adjust its expected—uti1ity—maxiﬁ{zing
control parameters' in such a way that the variance in the re-—
source price becomes less relevant for the present value of
brofit. By adjusting its control parameters, e.g. the time
profile of extraction, to the increased price risk o’ the firm
can influence the probability distribution of the present value
of profit, p, so that a more favorable probability distribution
(not shown in Figure 1b) will yield a certainty equivalent for
the present value of profit somewhere between Q' and Q (figure
1b). The arrow BC in figure 2 illustrates the increase in the
certainty equivalent present value of profit due to adjustment
of the internal contrél parameters of the firm2>. We then
define a functional relationship between the expected present
value of profit and the level of risk after the firm has used

all internal adjustments to risk: adjusting the time profile of
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extraction, adjusting the level of initial investments, etc.3)
Then we have a function Q (a) for which we postulate the

property

Q (a) with 8« < 0, Qaa < O. (1)

Equation 1 is illustrated in figure 2. With price risk in each

period increasing, the certainty equivalent present value of

profits -is reduced.
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2.1 Risk allocation

If we now introduce a second agent, the firm may be able to
vary the density function of the present value of profit Q, .,
or, reduce the price risk a. For instance, the firm may be able

to sell the resource stock to a second agent for a lump sum

payment Qu.o thus eliminating the price risk completely. The

difference Q-Qu.L is the risk premium that the firm is willing
to give up 1in order to obtain 1its ‘"certainty equivalent
profit". Another example is a long-run sales contract. For
instance Q. may be the result of a long-run sales contract with
a lower (and upper bound) on the resource price. Institutional
arrangements for risk allocation will affect the probability
distribution of the present value of profit for one agent by
truncating it or by directly altering the density function. In
the case of truncating, the unfavorable tail is partly cut off,

thus increasing the mean and reducing the variance.

() -

Figure 3

Q2
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Assume that a continuum of risk reducing institutional
arrangements T exists, so that we have a relationship

describing the remaining risk a as a function of T

a(l) s ar < 0, arr > 0. (2)

With a price v for'using the institutional arrangement [, we

have for the present value of profit of the resource firm

G = [a(T)] - T (3)
with
gg = Qaar - v = 0 ' (3a)

The term Qo ar in equation 3a denotes the willingness to pay
for a marginal variation of the institutional arrangement [; it
can be interpreted as the demand function for shifting risk as

shown in Figure 4
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Figure 4

Assuming that v increcases with the level of risk shifted,
Figure 4 illustrates the shifting of risk. The institutional
arrangement ' allows benefits for the demand side to shift risk
(demand side rent) and for the supply side taking over the risk

{supply side rent).

In reality, the institutional arrangement can take a variety of
forms and risk allocation will vary with the 1institutional
arrangement. In the following, we study the risk allocation

properties of extraction rights.

2.2 Extraction rights

An important institutional arrangement for natural resources 1is
the right to extract. In defining this right, the government
may have quite a few different objectives in mind. It may want
to develop its resource base, it may want to recuperate some of
the resource rents and it may want to prevent a too early

depletion of the resource stock. But at the same time, the
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institutional arrangement must be attractive enocugh for firms
to explore, to provide capital, technology and access to
markets. These aspects may weigh especially heavy in the case
of developing countries. The allocation of risks associated
with the development of the resource base varies with the

institutional arrangement.

Traditional concessions. Prior to the oil crisis, the
traditional concessions gave the firm the right to explore and
to extract. As a rule, this extraction right refered to all the
resources of the country?’, including reserves not vyet
discovered (Kobrin 1984). The firm had to pay a royvalty, and it
carried all the economic risks (except for the proportion of
revenue risk carried by the country in form of royalty income).
The concessions had a duration of up to seventy years, so that
the extraction rights used to be rather stable. With the
property rights of resources going over to the resource

countries, the contracts became less stable.

Production sharing. In this form of contract, a state resource
firm and a foreignv firm cooperate (Blitzer et al. 1982). The
foreign firm undertakes the exploration, puts up the cdpital
for the development of the resource deposit and also carries
the operating costs. A certain percentage of output is used to
cover the firm’s cost ("cost o0il"), the remaining part of
output is split between the state firm or country and the
private firm ("profit oil"). The private firm carries the
political risk, the exploration risk and the cost risk. Revenue

risk is split between the country and the firm.

Toll-per-barrel. The toll per barrel contract is a specific

type of a production sharing arrangement. The country pays a
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fixed toll per barrel to the foreign firm. Both the price risk

and the quantity risk are taken over by the country.

Service contracts. In the case of service contracts, thg
country pays the firm for a specific service such as
exploration, the delivery of extraction facilities (turn key
contract), the operation of facilities, refining or
distribution. By a set of such service contracts and by
bringing in foreign capital through borrowing (instead of
equit} capital), the country attempts to unpackage the éervices
provided by the multinationals. The country takes over all the

risks, the firm being exposed to the political risk only.

A specific form of the service contréct is the "net-back”
contract used by Iran and Saudi Arabia in 1985 and 1986. The
country sells the crude receiving the net of the refined
product after transportatioﬁ and refining costs have been
substracted. The crude is sold today, and the net will only be
determined after a lapse of two months when the refined product
has reached the market. The country tﬁus takes over all the
economic risk, and specifically the price risk for the period
between the sale of the crude and the sale of the final

product.

Nationalization. As an extreme case, the country may extract
the resource via a state company thus taking over all the

economic risks.

Bidding schemes. Contractual arrangements grant a right to
extract. Under a set of conditions, the wvalue of these
extraction rights can be determined in auctions. If the auction

requires an initial lump sum fee and no period payments, the up



front financial exposure of the resource firm is 1increased.
Such an arrangement is only conceivable where the political
risk is negligible. It is therefore no surprise to find
auctions applied in industrial countries, for instance for off-
shore licences in the U.S, Even then, an initial lump sum

opayment may tilt the time profile of extraction too much in

favor of present generations, and a tax ber unit extracted, a
royalty or a profit related payment may be necessary to
generate an extraction profile with 1longer run orientation.

Instead of 1initial lump sum payments, bidding arrangements can
relate to payments in each period, to quantities, reveﬁues or
profits. Apparently, a developing country could reduce the
political risk for the firm by making an initial lump sum
payment to the firm and then requiring a higher tax per unit of
output or” a higher royalty later. However, this is unrealistic

because the developing country is short of financial capital.

A specific problem arises if bidding schemes establish a
monopoly for the succesful bidder in future periods,v for
instance if the country has only one resource base. Then care
must be taken- that the monopoly is checked by other

institutional devises.

The existing contractual arrangements produce different
allocations of risk to the resource country and to the firm. In

table 1 risks are shown vertically and contractual arrangements

are horizontally. In the case of the concession, the firm
takes over all the risks, whereas in the case of
nationalization all the risks go over to the country.

Production sharing and toll per barrel contracts partition the

risk among country and firm.
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Table 1: Risk allocation and extraction rights

Contractual
relations -

Concession |Production Toll-per- |[Service Nationali-
Risks + sharing Barrel contract sation
Political
Risk Firm Firm Firm Firm -
Exploration :
Risk Firm- Firm Firm Country Country
Cost
5 Risk Firm Firm Country Country
H.
n O
x 3 ,
g Quantity
o Risk Firm Firm Country Country Country
Price Coun-
Risk Firm Firm § try Country Country Country
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2.3 Taxation

The taxation of natural resources can be considered to be a
specific institutional arrangement for the development of
osnatural resources. The purpose of resource taxation may consist
in participating 1in the resource rents or in influencing the
time profile of extraction,° but taxation schemes also have an
impact on the allocation of risks associated with a resource
project. Write-offs for capital allow to recuperate financial
outlays quickly; depletion allowances may have a similar role.
Hotelling—-type severance taxes represent an incentive to shift

extraction into the future and to take over some future price

risk.

An 1interesting taxation scheme 1is the resource rent tax
(Garnaut and Clunies Ross 1975; 1983; Meyer 1984). The resource
rent tax is a profit tax; investment can be written-off
immediately (100 per cent). A negative profit can be carried
forward to the next periods. An interest rate agreed upon in
the contractual arrangement between resource countri and the
mining firm 1is applied to the loss being carried forward. The
firm starts paying taxes with a percentage rate in the cash
flow in each period as soon as the current value of the

accumulated cash flow in a period becomes positive.

The resource rent tax 1is intended to prevent a too early
depletion of the resource stock and to reduce the incentive for
contract risk (obsolescence bargaining). Carrying forward the
loss with a discount rate reduces the period cash flow relevant
for taxation; thus the political appetite for changing the

taxation scheme is weakened.
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2.4 Long-term sales contracts

Long-term sales <contracts are another example of a contractual
relationship prevailing in the resource industry. Such
contracts are universal in the natural gas industry, they
dominate in the world coal trade (80 per cent of the total
trade) and they are also used in petroleum (around 40 per cent,
1983) and in the wuranium and in the steel industry. The basic.
reason for these long-run sales contracts 1is that buyer or
seller may be locked in by their ?nitial investment which is
transaction specific. A randomness in some variables like the
resource price or in quantities supplied or bought will reduce
the rentability of the investment and may make it (partly)
obsoletg. A long term sales contract will reduce part of the
risk (Siebert 1987), for instance by cutting off part of the
unfavorable tail in the prbbability distribution of the pfesent

value of profit.

To what extent risk, for instance financial risk of a.mine, can
be shifted depends on the specifics of the contract. We here
order the contractual arrangements along a continuum with

backward and forward integration as extreme cases.

Backward integration. The buyer integrates extraction,
transportation, refining and simflar activities 1into his
organization, and he takes over all the risks. Assuming that
the buyer has paid a lump sum initially, the seller of the

resource stock has shifted all his risks.

Plus cost. The contract specifies an initial price and allows
for a cost increase, possibly a mark-up. Adjustment clause can

relate to different cost categories such as transportation,
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mining equipment etc. (Pollard 1985, Vogelsang 1986). The
seller of the resource 1is protected against revenue risk and
also against cost risk. As a rule, the take is fixed. The
disadvantage of cost plus arrangements is a hazard problem

because the buyer cannot control the costs of the seller.

Fixed price. Fixed price contracts can come in various forms. A
floor price protects the seller in truncating the unfavorable'
part of the density function of the resource price and
consequently of the present value of profit; the price risk is
shifted to the buyer. A fixed price protects the buyer and
shifts all the risks to the seller. If instead of an upper and
a lower bound on the price the contract specifies a single
price, both parties are protected against unfavorable cases, If
low prices materialize, the seller is protected; with high

prices, the buyer receives the advantage.

Take or pay. In this arrangements the buyer can reduce
quantities to a certain 1limit without financial consequences.
WHen this 1limit is reached, payments have to made or if
delivery of the take had occured. The sums paid can be used for
the payment of deliveries in the future. Thus, the supplier is
exposed to minor fluctuations in demand, but he is protected
against major variations. The take or pay provision guarantees
a minimal level of revenue; it cuts off part of the unfavorable
tail in the probability distribution of the present value of

profits.

Price adjustment clauses. Price adjustment provisions allow for
changes in the contract. The "most-favored-nation" clause ties
contract prices to prices paid in other contracts, for instance

in the same geological basin, or links them to the price of a
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dominating energy (oil in the case of coal). A specific form of
price adjustment is brick pricing. Prices are adjusted for part

of the quantity every other year.

Tgke or pay with price clauses. In reality we observe a mixture
between take or pay .contracts and price adjustment clauses. A
pure take contract without specifying the price shifts the
quantity risk away from the seller, but the financial risk.
arising from the randomness in price still remains. Similarly,
fixing a price without specifying gquantities does not protect
against the financial risk sufficiently. A combination of
quantity and price rules can exclude unfavorable cases for the
profit of buyer and seller. Specific risk aspects for one
agent, for instance, wﬁen the buyer being too severely
committed, can be accommodated through special provisions such
as "market .out". As a rule, a more precise agreement on one
variable, e.g. quantity, allows more leeway with the other

variable, e.g. price, and vice versa.

Vertical forward integration. In this case, the seller takes
control of the downstream activities, and the long-run contract
is substituted by a vertical hierarchy. The seller takes over

all risk.

Bidding. Long-run sales contracts can be auqtioned off among
the suppliers (Vogelsang 1986) with the successful bidder
paying a lump sum for the right of delivery. This lump sum
payment is supposed to capture the resource rent of the
supp]ier; The problem is that a monopoly may be established and

that moral hazard problems may be involved (see above).



23

Table 2 shows how the allocation of risk shifts with different

types of long-term sales contracts.
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Table 2: Risk allocation and long-run sales contracts
\ * : . .
N Contract | Backward Plus-Cost* |Floor price*| Take or pay Fixed price|Forward
Forms Integration ceiling Integration
Risks
— e e
Financial
Risk Buyer Buyer Buyer Buyer Seller Seller Seller
Price
Revenue | Risk Buyer Buyer Buyer Buyer . Seller Seller Seller
=
Quantity
Risk Risk Buyer Buyer* Buyer Buyer Seller Seller Seller
Cost-Risk Buyer Buyer Seller Seller Seller Seller
Contract Risk, Seller Seller Seller Seller/Buyer - Buyer

* with guaranteed

take



2.5. Large-scale ventures

Large-scale resource venlures represent an interesting examplé
of an institutional arrangement of risk allocation. In contrast
to extraction rights and long-run contracts, large—-scale
> venture do not represent a bilateral relationship of risk
allocation.. Many agents are involved in large-scale ventures:
the project operator making the investment and operationall
decisions, sponsors providing some of the capital, know-how and
access to market, contractors responsible for construction,
suppliers of input, banks and other financial institutions, the
government defining the right to extract, granting permits of
operation and specifying taxes, as well as international

organizations and the customer (Siebert 1987d).

The different types of risk are allocated to the different
agents 1in a complex net of contractual arrangements.The
financial risk is split up into a set of risks which are taken
over by different agents. Here are some of the most important

instruments of risk shifting:

Limits on financial exposure. Financial risk can be reduced by
putting a 1limit on financial exposure. This can be achieved by
establishing a vehicle company separating the risk of the
large-scale venture from the sponsor’s balance sheet (Walter
1986). The financial risk can be further reduced by bringing in

additional sponsors thus spreading the risk on many shoulders.

Shifting financial risk to banks. The project operator can
reduce his financial risk through project finance. Banks
provide part of the capital taking over some of the financial

risk. If in some future periods the price will fall and if
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principal and interest  -cannot be paid, the banks may loose part
of their investment. Cofinancing from international
organizations is another way to reduce financial risk.

Supplier and customer credit. The supplier of an input may
provide a credit in order to stimulate his sales, either in the
case of machinery or when a large—-scale venture uses a
permanent stream of the input (coal in electricity generation).
The customer may be willing to provide a credit to be paid off.
by future deliveries. In this case, customer credit is likely

to be linked to a long-run sales contract.

Shifting set-up «cost to the resource country. Price risk and
the financial risk can be shifted by reducing initial outlays
for the right to extract and then receiving only a portion of
the price which is random. In theory, the price risk could be
shifted by moving away from a concession with a large initial
lump sum payment to production sharing, a toll per barrel
contract or even a service contract. In the real world, this

option of risk shifting, however, increases the political risk

of a change in taxation schemes or 1in the contract
. (obsolescense bargaining, contract risk). It is therefore
rather unlikely as a risk management policy. Moreover, the

historical change from concession of the 1960’s to the more
recent forms of contracts such as the toll-per-barrel
arrangement reflects a change in the property rights and in the

bargaining position vis-a-vis risk assignment.

Completion guarantees. Completion risk <can be reduced by
completion guarantees from the leading contractor and by stand-

by-letters of credit from banks (Walter 1986j.

Long-run sales <contract. Price risk can be reduced by using

long-run sales contracts (see above).
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Downstream integration. 1Under specific <conditions, a firm may
be able to reduce price risk by vertical integration. Such an
approach can be followed if downstream products are less
yolatile in price, or more specifically, if downstream
activities would open up a secure line of production (chemical
products in the case of an o0il producing firm) whose price has‘
a negative correlation with the o0il price. Note, however, that
this policy requires additional finamcial outlays, and although
the price risk may be reduced, the risk of financial loss may
rise. 0f course, vertical integration may be spread over time

thus allowing the reduction in the risk of finmancial loss.

Integrated risk management. Although the different types of
seperate risks mentioned above partly overlap, they may arise
simultaneously thus increasing the variance 1in the present
value of profit. The increase in the price risk, in
environmental and technological risk eventually gugmeht the
variance of expécted profits. Therefore, different policies of
risk management may be called for simultaneocusly. Institutional
arrangements are required that reduce several risks such as the
risk financial 1loss, the risk of technological failufe and -
price risk at the same time. A case in point is the Russian
German gas deal where German banks provided the financing, a
German and other international steel producers delivered the
pipes and other technological equipment and where a long-run

sales contract reduced Russia‘s price risk.

Risk allocation can be interpreted as a system of contractual
arrangements or a set of risk markets for the different types
of risk and among different participants. The different

contracts are interlinked in the sense of a general eéuilibrium



model. Successfully shifting completion risk tb the leading
contractor implies a reduction in financial risk and may have
an impact on financing. Allocating the price risk to the
customer or to a government also reduces financial risk and
requires lower risk premiums to be paid to banks.

Q

2.6. Contractual arrangements and other fofms of coordination

Contracts and  arrangements must be compared to other
arrangements for coordination such as spot markets, future
markets and éoordination through hierarchies. The problem is
under what conditions which “governance structure” (Williamson
1979, 235j does a better job than other mechanisms of

coordination.

The relative advantage of a contractual arrangement varies with
the existence and ;fficiency of markets. Contracts for
extraction rights are not needed, if a market for extraction
rights can be established. Project finance is not necessary if
the capital market were perfectiy efficient with respect to
large-scale ventures. And long-run sales contracts are not
needed when the time depth of future markets in the resource
area is sufficiently lérge. Apparently, contractual
arrangements loose their advantage with the efficiency of
markets. The relative advantage of <contractual arrangements
also varies wilh the amount of risk that agents on different
sides of a market perceive. Consider the world oil market with
its "anxiety gap" in the seventees. When the excess supply on
the spot market dropped to 2 mbd, the price was éxpected to
rise. In such a situation, long—-term contracts play an

important role. When market conditions, and the perceived risk



of disruption <change such as the eightees, spot-markets become

more interesting (see "net—-back contracts").

3. Stability of contractual arrangements

Contracts represent an institutional arrangement by which risks
of the resource industry are allocated ex ante to the different
agents involved. These contractual arrangements attempt to

alleviate the risky position of one of the agents or of both.
3.1. Classical and relational contracts

Due to the very nature of the risk allocation contractual
arrangements have a specific quality distinguishing them from
the classical contract. The classical contract is characterized
by discreteness and presentation. The transaction is discrete
and "entirely scparate not only from all other present
relations but from all past and future relations. as well"”
(Macneil 1978, '856). The "presentation of transaction involves:
restricting its expected future effects to those defined in the
present"” (Macneil 1978, 862). According to Williamson (1979,
236), the identity of the parties can be treated as irrelevant,
the nature of the agreement is delimited and remedies for

nonperformance are clearly defined.

A classical contract cannot fulfill the risk allocation needed
in the resource industry. Fresentation in the strict sense 1is
not possible because risk must be accomodated and contractual
claims are «contingent on the states of nature materializing in
the future. Moreover, a specific transaction is not separated
from other transactions; a long-run relationsship exists

between the parties involved. Different "governance structures"
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{Williamson 1979) such as a neoclassical contract and a

relational contract are needed.

The neoclassical contract is characterized by making
discreteness and presentation more "blurred", allowing
adjustment of the.contract and devising mechanisms such as
arbitration to ensure the stability of the contract. Whereas
the neoclassical contract still is a contract, the relational
contract 1s a brother concept of relationships including
relations within a firm. The relational contract can be
interpreted as a social relationship, it is "a minisociety with
a vast array of norms.beyond those centered on the exchange and

its immediate processes"” (Macneil 1978, 901).
3.2, Causes of contract risk

There are two wunderlying reasons for the instability of

contractual arrangements: a change in market conditions and the

ideosyncracy of investment.

Ex post versus ex ante. The contract is supposed to protect the

single agent against a too unfavorable state of the world. Risk
is allocated ex ante, and each partner expects.a benefit from
the contract. When the states of the world emerge, the expected
benefits may not show up, and an agent may evaluate the
contract as a serious disadvantage. Market processes may have
undermined thé advantages of a contract to a specific agent. An
example is a pay-or-take contract in a situation with extremely
low resource prices (for instance the iron ore contracts

between Japan and Venezuela altered in 1986).
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Ideosyncracy. Another cause for the instability of a contract

consists in the ideosyncracy of investment and the locked-in
position®? of one partner which gives a strategic position to
the other partner, once investment is undertaken. This
phenomenon is a systematic cause of contract risk even if
“market processes do not undermine the expected <contract
benefits for a specific agent. The attitude towards the
contract changes systematically with the <change in the,
bargaining position, that is with the investment being
undertaken. Then, the contractual arrangement can become

obsolete (obsolence bargainiﬁg, Vernon 1971).
3.3. Reducing contract risk

Both causes of contract risk represent a hazard problem; A
partner may show opportunistic behavior and walk away from the
contract. This attempt is partly checked by the more permanent
nature of the relationship since an agent having a disadvantage
today can expect a benefit tomorrow. The hazard problem is also
affected by attitudes towards contracts and by the dichotomy
‘between private advantages and moral sentiments. For a merchant
of the Hanse in the "good old days" a word given was binding
even 1f conditions become wunfavorable. This behavior was
possibly motivated with an eye to his followers in the firm.
Today, the world may have a shorter memory, at the same time

being more complex. Moreover, there may be something

specifically American in the hazard aspect.

Since the contractual arrangement cannot be enforced as in a
classical contract due to the contingent-claims aspect, other
mechanisms must be developed to prevent a partner from walking

away from a contract. An important approach is to keep the
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contractual arrangement flexible and to allow adjustment to new

conditions. Price adjustment clauses, cost escalators and other

— T

mechanisms such as the '"most-favored nation clause" provide

some type of formular flexibility. Standards, direct third-

party determination of performance (arbitration) and to some
Q

Rl

extent one—-party _ control of terms are more complicated
——————e T T e e

institutional mechanisms to accommodate changing economic

conditions. A much broader approach is to specify modalities of

?~£EEE§EEEEEEPH (Harries 1980) or an "agreement to agree"
{Macneil 1978, 870). Finally, a contract may be more stable if
conditions are clearly specified ﬁnder which an agent may
discontinue the contract. For instance, the '"market out"
provision allows the buyer to discontinue his take if prices
are too unfavorable. "Force majeure"” or hardship clauses
relate to situations in which it has become impossible for a

partner to continue a contract.

The more systematic contract risk due to the idioesyncracy of
investment requires a different remedy. Adjustment clauses
cannot solve idiosyncracy problems. Strategicibehavior of one
partner made possible by the locked-in position of the other
agent must be prevented by the contractual arrangements. More
specifically, the incentive for strategic behavior must be

eliminated in the contractual arrangements or must be checked

by appropriate opportunity costs. A case in point is the
resource rent tax which attempts to prevent "obsolence
bargaining". Explicity carrying forward the capital <cost or

past losses to the future by an agreed discount rate reduces
the political demand in the resource country to change the
contract because period profits are expressed correctly.
Moreover, excessive period profits are subject to a profit tax.

Another example is project financing which can be intefpreted
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as a complex net of contractual arrangements where the
relational contract refers to a set of many agents partly
checking each other. Finally, the 1ideosyncratic nature of
investment may be offset by the control of technology so that
there may be a countervailing asset specifity with respect to
technology in favor of the foreign firm®’>. Asset specifity on
both sides of a «c¢ontract is a precondition for equilibrating.

hazards (Masten 1987, Williamson 1985).
4fﬂAptributing_Phemuserwqeﬁkﬁhqfwﬁgeialwxiﬁkﬁ

In the analysis so far, we have studied the problem how risks
in the resource sector can be allocated to different agents
through contractual arrangements. This problem oniy refers to
so-called private risks being defined as the variance in
variables relating to resources as private goods, for instance
to the price of o0oi1il, to quantities sold or to the present value
of period profits. In these cases, the risk is carried by the
autonomous subsytems of the economy. Private risk may be
reduced by shifting it to another agent. Private risk is not
correlated across persons and can be interpreted as independent

risk (Dasgupta 1982, 81).
4.1. Social risk
In contrast to private risk, the use of natural resources may

also be connected with social risks relating to the randomness

in some public goods aspect of mnatural resources. The public

goods aspect implies that the resource in quesgion "must be
used in equal amounts by all" (Samuelson 1954). Examples are
the risk of extinction, the risk of too early depletion if

marketls are short-sighted and the risk of environmental
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degradation, for instance through the accumulation of
pollutants. In the case of social risk, all agents are exposed
to the same randomness. Risk is correlated across persons, and,

by definition, risk cannot be shifted.

Putre social risks cannot be handled by private contractual
arrangements. However, under a set of conditions the public
good aspect may be changed into a private good 1if ©private-
parties can develop property rights and thus transform the
social risk into private risk. We then would have a Coase

scenario for risks (Siebert 1987a).

Another approach 1is to interpret the management of social risk
as a special aspect of the more general problem of. expressing
opportunity costs, or in an intertemporal interpretation, user

costs through appropriate institutional arrangements.

Property rights, or more specifically their transferability,
can be interpréted‘as a vehicle which makes sure that the
opportunity costs of private decisions are taken into account.
Consider the normal static allocation problem of wusing a
resource in a specific activity. Then the transferability of
the property right, together with a set of other conditions
such as working markets, guarantees that the opportunity cost
of using the resource in a Specific activity, that 1is the
utility foregone from using it in another opportunfty, is taken
into account in the decisions of the autonomous subsystem of an

economy.

As a rule this also holds for intertemporal decisions. User
costs, that 1is the opportunity costs of not using the resource

in the future, are expressed by a set of institutional



arrangements such as future markets, selling the capital value

of a

resource stock to the next generation, selling land, a

resource firm, evaluating a resource firm in the stock market

etc.

If it is judged that these mechanisms are not sufficiently

Yoriented towards the future and that user <costs are

underestimated by markets, i.e. that too high a discount rate

is

applied, the government can

institutional aspects such as steering

quantity to be extracted or using

(severance taxes) that shift the time

into the future. In this case, a public

for the future has been brought in by

reasoning.

4.

2.

Signalling the user costs of social

introduce additional
the permits for the
appropriate taxation
profile of extraction
goods aspect of caring

a new 1institutional

risks

How can wuser costs of social risks in using natural resources

be signalled to the subsystems of the

economy? As an example

consider the risk of extinction or the risk of environmental

degradation (Siebert 1987) where environmental quality 1is a

random variable. Two issues arise: First, how much risk |is

society willing to tolerate? Second, by

which institutional

arrangement can we ensure that the tolerable level of risk is

not

surpassed?

The target problem of determining the

tolerable or optimal

level of social risk exhibits all the problems of public goods:

the aggregation

of individual preferences for public goods may

not be consistent (Arrow Paradoxon) ; the individual may behave

as

free rider and the institutional mechanisms for

aggregating individual preferences may

not satisfy the usual

optimality criteria of economics (for instance voting).



Nevertheless, the political process has to determine the
tolerable level of social risk.?’ Practical decision rules such
as benefit-cost analysis as well as practical institutional
mechanisms (voting systems, constitutional restraints, log
fylling, ete. ) come into play.

Once the tolerable level of social risk is specified as the
target, the problem is to devise institutional arrangements in
such a way that the user costs are signalled to the autonomous
subsystems and that the wuser costs are taken 1into
consideration by the decentralized units. Since we are dealing
with social risks, the institutional arrangement cannot aim to
shift the risk. The appropriate policy therefore 1is risk
reduction. This can be obtained by new property rights for

resources and for environmental use.

In the real world we see a broad spectrum of new property
titles in the area of natural and environmental resources
ranging from direct controls to price incentives. Extending
government control in space (200 miles zone) and other
dimensions (emissions; extinction of species), using permits
for extraction or for emissions, introducing the
tranéferability of permits including markets for permits,
relying on price mechanisms via taxation (severance taxes,
emission taxes) and defining product norms c¢an be interpreted
as institutional arrangements to reduce social risk. In this
problem of developing new incentives for the use of natural
resources, the public good problem overlaps with the common
property issue. In the past, quite a few natural resources have
been used as a common property with free access (fish of the

ocean, the environment as a receptacle of wastes).
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The costs of risk reduction play a role 1in determining the
tolerable level of risk. An important aspect of the management
of social risk therefore is how the costs of risk reduction are
allocated to the agents causing the risks. For instance, in

.contrast to natural hazards such as earthquakes a significant

ingredient of environmental risks is man—made, namely
pollutants, Thus, one strategy of risk reduction 1is to
attribute the costs of reducing social risks to the

decentralized units of the economy. By efficiently allocating
the costs of risk reduction to those decentralized units that
cause the social risk 1in the firsf place, an incentive 1is
installed to reduce the social risk. If the environment can be
used free of charge as a receptacle of waste, no incentive 1is
installed to reduce emissions. If emission taxes, other pricing
instruments for emissions and other policy 1instruments are
applied, in a rather general way some of the socia] risk of

environmental degradation is reduced.
9. Conclusions

The production and the use of natural resources is
characterized by a long time horizon, a multitude of agents in
different stages on the vertical scale of production, high-set
up costs, private and social risks as well as idiosyncratic
investment. The existence of private risks has led to
institutional arrangements by which part of the risks can be
reduced for the individual agent and shifted to another agent.
Such arrangements are extraction rights, taxation schemes,
long-run sales contracts and project finance. Contractual
relations may involve only two parties, but they can also be a
complex net of contractual arrangements between many agents as

in large-scale ventures.
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Contractual arrangements in the resource industry for the

reduction of private risk are exposed to contract risk. In
contrast to the classical contract, the contractual
arrangements lack discreteness and presentation, and the
relational contract may not be stable. Market processes may
induce a partner to behave opportunistically, and thg

idiosyncracy of investment may imply "obsolescence bargaining".
Therefore, long-run contracts representing contingent claims

must be flexible to accomodate new developments.

Resource production and resource use also involve social risk
which cannot be shifted because they have a public good aspect.
Here risk management requires institutional arrangements by
which the user costs of social risk and the opportunity costs
"of reducing the risk are transmitted to the decentralized units

of an economy.
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Footnotes

* I appreciate comments from D. Folkerts-Landau, B. Frey, J.

Keck, C. Kirchner, E. Mohr and G. Ronning.

1> Price risk is not affected by the business cycle so that
there is no covariance structure between price and the business
cycle (quantities sold). Moreover, it 1is assumed that the
stochastic uniformation is complete, i.e. an agent does not get
additional (risk reducing) information .over time and does not
.learn. In that case, risk would have to be modeled as a

stochastic process, for instance as a Wiener process.

2> In the case of price risk it is reasonable to assume that
the probability distribution of the resource price cannot be
influenced by the firm. With respect -to other risks, for
instance cost risk, the firm may be in a position to influence
the risk. In that case, the afrow BC’ indicates that the risk

per period can be reduced.

3) We can define a function describing the relationship between

the variance of the present value of profit and the price risk
o = p [a, m] , 3p/ 3a >0, 32p/3a® <0

where m denotes the control instruments such as the time

profile of extraction. Then

Qe) , Q@ <0, 4, >0

and equation 1 can be written as
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@ = Q0 (a), Qe = ﬁa 3p/3a < O, Qae = @ 32p /3a@2 < 0

pp
4> Talking of a country is an abbreviation. Country here means
the set of agents in a ﬁation including the government, sectors
of the economy etc. Risk taken over by the country will be
allocated to the different agents within a country. Risk
allocation among the agehts within a country may have an impact
on the risk allocation between the country and the firm. This.
was pointed out by B. Frey.

$) The ideosyncracy problem is also at the core of the
borrowing problem. As soon as the <credit 1is ¢granted, the
creditor is 1locked in and the sovereign borrower can behave

strategicaily.
6) I owe this comment to C. Kirchner.
7> All the problems known from determining the opfimal

environmental quality also arise in the case of social risk.

Compare Siebert (1987).



References

Blitzer,C.R., Lessard, D.R. and Paddock, J.L. (1984), Risk Bearing
and the Choice of Contract Forms for 01l Exploration and

Development, Energy Journal, 5, 1-28.

Broadman, H.G. 11986), Elements of Market Power in the Natural
Gas Industry and the Rule of Private Carriage, The Energy
Journal, 7, 119-138,

Broadman, H.G. and Toman, D.A. (1986), Non-Price Provisions in

Long—TermbNatural Gas Contracts, Land Economics, 62, 111-118,.

Canes, M.E. and Norman, D.A. (1985), Long-Term Contracts and
Market Forces in Natural Gas Market, The Journal of Energy

and Development, 10, 73-96.
Carney, E.M. (1978), Pricing Provisions in Coal Contracts, Rocky

Mountain Mineral Institute, New York: Matthew Bender, 197-
230. '

Charlton, D.W. (1979), Contracts, Price Rigidity and Market
Equilibrium, Journal of Political Economy, 87, 1036-62,.

Charlton, D.W. (1986), The Rigidity of Prices, American Economic
Review, 76, 637-58.

Christy, F.T. (1975), Property Rights in the World Ocean, Natural

Resources Journal, 695-712.
Coase. R.H. (1937), The Nature of the Firm, Economica 4, 386-405.

Coase, R.H. (1960), The Problem of Social Costs, Journal of Law

and Economics, Vol.3, 1-44.



Daintith, T.C. (1982), Energy Information Administration, Natural
Gas Producer/Purchase Contracts and Their Potential Impacts

on Natural Gas Markets, Document DOE-EIA-0330 (June).

Daintith, T.C. (1985), The Design and Performance of Long-Term
Contracts San Domenico (FJ), Italien E.U.I. Working Paper

Law Department, European University Institute,.

Daintith, T.C. (1987), Contract Design and Practice in the Natural
Resources Sector, in F. Nicklisch (Ed.), Heidelberger Kol-

logium Technologie und Recht 1986, in Vorbereitung.
Dasgupta, P. (1982), The Control of Resources. Oxford.

Diamond P. and Maskin E.A(1979), An Equilibrium Analysis of Re-
' search and Breach of Contracts : I: Steady States, Bell
Journal of Economics, 10, 282-318. .

Furubotn, E.G. and Pejovic, S. (1972), Property Rights and Eco-
nomic Theory: A Survey of Recent Literature, Journal of

Economic Literature 10, 1137-1162.

Garnaut, R. and Clunies Ross, A. (1975), Uncertainty, Risk
Aversion and the Taxing of Natural Resources Projects,

Economic Journal 85, 272-287.

Garnaut, R. and Clunies Ross, A. (1983), Taxation of Mineral

Rents, Oxford: Clarendon Press.

Grotius, H. (1601), De Mare Liberum sive de Jure quod Batavis
Competit ad Indicana Commercio, Dissertation, Neuauflage,

Freedom of the Seas, Oxford 1916.

Harries, H. (1980), "Adaptation of Long-Term Contracts, in: Risk
and Political Economy of Resource Development, ed. by Pearce,

D.W., Siebert, H., Walter, I., London: Macmillan, 165-169



Hartje, V.J. (1983), Theorie und Politik der Meeresnutzung. Eine

Ookonomisch—institutionelle Analyse, Frankfurt: Campus

Henry, C. (1974), Option Values in the Economics of Irreplacable

Q

Assets, The Review of Economic Studies, 41, 89-104.

Hubbard, R.G. and Weiner, R.J. (1985), Nominal Contracting and
Price Flexibility in Product Markets, NBER Working Paper no.
1738.

Jeckel, H. (1985), Olterminmiarkte — Nutzungsméglichkeiten und
Risiken, Zeitschrift fir Energiewirtschaft, 220-234.

Jones; R.A. and Ostoy, J.M. (1984), Flexibility and Uncertainty,

Review of Economic Studies, 51, 13-32.

Joskow, P. (1985), Vertical Integration and Long-Term Contracts:
The case of Coal-Burning Electric Generating Plants, Journal

of Law, Economics and Organization, I, 33-80.

Joskow, P. (1987), Contract Duration and Relationship-Specific
Investments: Empirical Evidence from Coal-Markets. American

Economic Review 77, 168-185

Kirchner et. al. (1979), Mining Ventures in Developing Countries,
. Interests, Bargaining Processes and Legal Concepts, Deventer

and Frankfurt:

Kobrin, S.J. (1984), The Nationalization of 0il Production,
1918-1980, in: Pearce,'D.W., Siebert, H. and Walter, I.
(Eds.), Risk and the Economics of Resource Development,

London MacMillan, 137-164.

Lampert, R.A. (1983), Long-Term Contracts and Moral Hazard, Bell
Journal of Economics, 14, 441-452.



44

Long, N.V. and Vousden, N. (1977), Optimal Control Theorems, 1in:
Applications of Control Theory to Economic Analysis, ed. by
Pitchford, J.D. and Turnowsky, S.J., Amsterdam: North
Holland, 11-34.

Macneil, 1.R. (1987), Contracts: Adjustment of Long-Term Econo-
mic Relations under Classical, Neoclassical and Relational

Contract Law, Northwestern University Law Review, 72, 854-

905.

Macneil, I.R. (1985), Relational Contract — What We Do and Do Not

Know, Wisconsin Law Review, 483.

Masten, S.E. and Crocker, K.J. (1984), Regulation and Non-Price
Competition in Long-Term Contracts for Natural Gas,

University of Virginia, Working Paper (December).

Masten, S. R. (1987), Equity, Opportunism and the Design of
‘Contractual Relations, Zeitschrift fiir die gesamte

'Staatswissenschaft, forthcoming.

Masten, S.E. and Crocker,K.J. (1985), Efficient Adaption in Long-
Term Contracts: Take-or-Pay Provisions for Natural Gas,

American Economic Review, 75, 1083-1093.

Meder, H. (1984), Die intertemporale Allokation erschépfbarer
Naturressourcen bei fehlenden Zukunftsmidrkten und institu-
tionalisierter Marktsubstitution, Frankfurt am Main: Peter

Lang Verlag.

Meyer, A. (1984), Besteuerung von erschopfbaren Ressourcen: Die
Rohstoffrentensteuer, in: Siebert, H. (Ed.), Intertemporale

Allokation, Frankfurt, 367-394.



Mikesell, R.F. (Ed.), (1971), Foreign Investment in the Petroleum
and Mineral Industries: Case Studies of Investor - Host
Country Relations, Baltimore, Johns Hopkins University Press,.

o

Norman, D. {(1984), Indefinite Pricing Provisions in Natural Gas
Contracts, American Petroleum Institute, Discussion Paper

no. 34, Washington.

Palmer, K.F. (1980), Mineral Taxation Policies in Developing

Countries: An Application of Resource Rent Tax, IMF Staff
Papers, 27, 517-542.

Pierce, R.J. (1982), Natural Gas Regulation, Deregulation and

Contracts, Virginia Law Review, 68, 63-115.

Polinski, A.M. (1983), Risk Sharing through Breach of Contract
Remedies, Journal of Legal Studies, 12, 427-444.
Polinski, A.M. (1986), Fix Price versus Spot Price Contracts: A

Study in Risk Allocation, NBER Working Paper no. 1817.

Pollard, D.E. (1985), Long—Term Bauxit Sales Contracts, Natural

Resocurce Forum, 9, 25-32.

Radetzki, M. (1982), Has Political Risk Scared Mineral Investment
Away from the Deposits in Developing Countries? World

Development 39-48.

Roberts, B. (1980), The Effects of Supply Contracts on the Output
and Price of an Exhaustible Resource, Quaterly Journal of

Economics, 95, 245-260.

Rosen, S. (1985), Implicit Contracts: A Survey, Journal of Eco-
nomic Literature, 23, 1144-1175.



46

Schanze, E. (1981), Mining Ventures in Developing Countries,

Deventer and Frankfurt:

Scott, R.E. (1987), Risk Distribution and Cooperation in Long—Term
Q

Contracts, in F. Nicklisch (Ed.), Heidelberger Kollogium

Technologie und Recht, in Vorbereitung.

Shavell, S. (1985), The Design of Contracts and Remedies for
Breach, Quaterly Journal of Economics, 100, 121-148.

Siebert, H. (1983), Okonomische Theorie natiirlicher Ressourcen,

Tibingen, Mohr.

Siebert, H. (1985), Economics of the Resource-Exporting Country.

Intertemporal Theory of Supply and Trade, Greenwich, Conn.

Siebert, H. and Rauscher, M. (1985), Vertical Integration by 0il-

Exporting Countries, Intereconomics, 20, 211-216.

Siebert, H. (1987), Economics of the Environment. Theory and

Policy. 2nd ed. Heidelberg.

Siebert, H. (1987a), Environmental Pollution and Uncertainty -
Prevention and Risk Allocation, in: F. Holzheu, Society and

Uncertainty, forthcoming.

Siebert, H. (1987b), Langfristige Liefervertrdge im internatio-
nalen Ressourcenhandel, SFB 178, Diskussionbeitréage, in

Vorbereitung.

Siebert, H. (1987c¢c), Nutzungsréchte und internationale Rohstoff-

versorgung, Ifo-Studien, forthcoming.

Siebert, H. (1987d), Risk Allocation in Large—-Scale Ventures,
Kyklos, forthcoming



47

Tirole, J. (1986), Procurement and Renegotiation, Journal of
Political Economy, 94, 235-259.

Townsend, R.M. (1982), Optimal Multiperiod Contracts and the Gain
from Enduring Relationships Under Private Information,

Journal of Political Economy, 90, 1166-1180.

Townsend, R.M. (1984), Theories of Contract Design and Market
Organization: Conceptual Bases for Understanding Future
Markets , in: The Industrial Organiéation of Future Markets,

ed. by Anderéon, R.W., Lexington: Heath

Vernon, R. (1971), Sovereignty at Bay: The Multinational Spread of

US Enterprises, New York: Basic Books.

Vogelsang, I. (1986), The Role of Contract in International Coal

Trade, Boston, mimeo.

Walter, I. (1986), Financing Natural Resource Projects, Mimeo,

Fontainebleau, New York.

Williamson, O.E. (1979), Transaction-Cost Economics: The Gover-
nance of Contractual Relations, The Journal of Law and

Economics, 22, 233-261.

Williamson, O.E. (1985), The Economic Institutions of Capitalism,

New York: Free Press.



