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Efficient Adaptation in Long-Term Contracts: 
Take-or-Pay Provisions for Natural Gas 

By SCOTT E. MASTEN AND KEITH J. CROCKER* 

To avoid repeated bargaining in transac- 
tions supported by durable, transaction- 
specific investments, parties may decide to 
specify the terms of future trade in a long- 
term contract at the outset of the relation- 
ship (see, for example, Benjamin Klein, 
Robert Crawford, and Armen Alchian, 1978; 
and Oliver Williamson, 1979). A principal 
limitation of long-term contracting, however, 
is its inflexibility in the face of fluctuations in 
supply and demand: although contingent 
claims contracts permit adaptation to chang- 
ing circumstances, contingent performance 
is costly to stipulate and even more difficult 
for courts to administer. To mitigate these 
hazards, parties will therefore wish to choose 
contract terms that minimize the need for 
costly adjudication while maintaining incen- 
tives for appropriate adaptation. 

This paper examines the incidence of 
"take-or-pay" provisions in contracts be- 
tween natural gas producers and pipelines 
from this perspective. Take-or-pay clauses 
require purchasers to pay for a contractually 
specified minimum quantity of output, even 
if delivery is not taken. The existence of such 
provisions and efforts by pipelines to have 
them abrogated in the face of declining de- 
mand during the most recent recession have 
generated a debate regarding the role such 

terms play in allocating gas resources. A 
common perception has been that take-or- 
pay provisions are an artifact of wellhead 
price regulation: by assuring a minimum 
payment, take obligations raise the expected 
value of a contract to a producer and thereby 
circumvent the effect of the price ceiling. To 
the extent that producers of high-cost gas 
were able to command higher obligations, 
some pipelines have been induced to purchase 
and sell more expensive gas to end users 
while leaving lower-cost supplies with smaller 
take requirements in the ground. The impli- 
cation of this view is that take provisions are 
anomalies that distort market incentives and 
should therefore be nullified, permitting 
pipelines to adjust purchases in a more ap- 
propriate manner. 

The problem with this explanation is that 
the incidence of take provisions is not limited 
to regulated gas supplies, but is also a feature 
of contracts covering unregulated pre-1954 
interstate and pre-1978 intrastate gas, as 
well as of recently deregulated categories of 
new "high-cost" gas.' Moreover, take-or-pay 
clauses are also encountered in contracts for 

*Graduate School of Business Administration, Uni- 
versity of Michigan, Ann Arbor, MI 48109, and Depart- 
ment of Economics, University of Virginia, Charlottes- 
ville, VA 22901, respectively. This paper was presented 
at the Third Annual Conference of the Rutgers Univer- 
sity Advanced Workshop in Public Utility Economics 
and Regulation, May 1984. We thank Michael Canes, 
Maxim Engers, Matt Gelfand, Richard Higgins, Doug- 
las Kinney, Jonathan Skinner, the University of Virginia 
Microeconomics Workshop, and an anonymous referee 
for helpful suggestions. Financial support was provided 
by the Federal Trade Commission. The views presented 
are our own, not those of the Commission, individual 
commissioners, or staff. 

'See H. G. Broadman and M. A. Toman (1983); and 
M. E. Canes and D. A. Norman (1983). Take provisions 
were also an integral part of producer-pipeline contracts 
throughout the essentially unregulated period before 
area pricing was adopted in 1960. The Phillips decision 
in 1954 gave the Federal Power Commission jurisdiction 
to regulate wellhead prices of gas sold in interstate 
commerce. The initial regulatory efforts, however, sought 
to institute cost-based rates on a well-by-well basis. 
Using this approach, the Commission never progressed 
beyond regulating the parties to the original decision. 
The result was a prodigious case backlog. According to 
Paul MacAvoy and Robert Pindyck, "...The Commis- 
sion itself forecast that it would not finish its 1960 case 
load until the year 2043" (1975, p. 13). Area rates, that 
effectively froze prices at the market levels of 1958-59, 
were an attempt to lend tractability to the regulatory 
process. 
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coal and other unregulated commodities.2 In 
view of this, both H. G. Broadman and 
M. A. Toman, and M. E. Canes and D. A. 
Norman have suggested that take obligations 
might be a means of allocating risk between 
producers and pipelines. High take provi- 
sions reduce risk for producers by guarantee- 
ing a minimum return on investments in well 
capacity. Unfortunately, such arguments do 
not provide a practical basis upon which to 
evaluate observed contractual arrangements 
without knowledge of the relative risk prefer- 
ences of the parties involved. 

This paper offers an interpretation of take- 
or-pay provisions that relies on neither risk 
aversion nor the existence of regulatory price 
ceilings. Instead, we argue that take obliga- 
tions can be viewed as a mechanism for 
effecting appropriate incentives for contract- 
ual performance, and show that efficient 
breach considerations define an optimal take 
percentage as a function of characteristics of 
the transaction. These incentives are dis- 
torted, however, by the existence of regulated 
price ceilings, causing the adoption of take 
obligations in excess of optimal levels.3 
Whether a policy to reduce "excessive" take 
provisions to ex post optimal levels can be 
justified on the basis of regulatory inter- 
ference depends on the regulatory environ- 
ment expected to govern the development of 
future gas reserves. 

Section I develops these arguments and 
applies them to contracting in the natural 
gas industry. Section II presents an empirical 
test of the model employing actual data on 
producer-pipeline contracts and well char- 
acteristics. 

I. Performance Incentives in 
Long-Term Contracts 

Once a transaction-specific investment has 
been made, only imperfect market alterna- 
tives exist and both the buyer and seller are 
locked into a bilateral monopoly relation- 
ship. To prevent contention over the result- 
ing quasi rents from dissipating too large a 
portion of the gains from trade, the parties 
may try to secure a mutually advantageous 
distribution through a contract, the duration 
of which will depend in part on the durabil- 
ity of the associated investments. In in- 
dustries with particularly durable capital, it 
is not uncommon to observe contractual 
agreements that extend for ten years or 
more.4 

Over such long horizons, the need for 
adaptation to changing circumstances, and 
hence the desire for flexible arrangements, 
may be substantial. But a tradeoff generally 
exists between the flexibility provided for in 
a contract and the ease with which it can be 
implemented: a single contractual stipulation 
is relatively straightforward for courts to en- 
force in comparison to multiple contingent 
claims which require that both the parties 
and the courts establish the state that has 
actually transpired. The more provisions 
stipulated, the greater the scope for both 
honest misinterpretation and intentional de- 
ception, and thus the greater the likelihood 
of a dispute requiring costly adjudication. 

To minimize these costs, the parties will 
wish to stipulate terms that do not require 
court verification of exogenous events. Ac- 
cordingly, contracts usually employ unila- 
teral options rather than contingent clauses 
to accommodate adaptation.5 The goal is to 

2As Canes and Norman note, E. M. Carney (1978) 
discusses the use of take-or-pay provisions in coal con- 
tracts. Similar arrangements also appear in other con- 
tracts as minimum bill provisions. 

3Except where explicitly noted, we will be referring 
throughout the paper to private optimality in exchange 
between a buyer and a seller. The social efficiency of any 
contractual provision depends upon whether private val- 
uations are distorted from social valuations by the ex- 
istence of externalities or other factors. We show here 
that the presence of price regulation does not in and of 
itself justify the abrogation of take-or-pay obligations. 

4Victor Goldberg and John Erickson, for instance, 
note that in their sample, "Nine of ten contracts ... in- 
volving new [petroleum] cokers were for a period of at 
least ten years" (1982, p. 10). Coal contracts are of 
similar duration (Carney, p. 197). Also see below. 

5The notion of a unilateral option is analogous to the 
self-selection behavior often observed in theoretical 
models of bargaining in an environment of asymmetric 
information (see, for example, Milton Harris and Robert 
Townsend, 1981). 
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design contracts in ways that reconcile the 
exercise of such options with joint profit- 
maximizing behavior.6 

The adoption of take-or-pay provisions in 
long-term contracts can be usefully inter- 
preted in this light. Fluctuations in demand 
or costs may make it unprofitable or even 
inefficient to carry out the original objectives 
of a contract. By altering incentives to accept 
or reject delivery, take provisions can induce 
buyers to release investments to their alter- 
native uses only when it is efficient to do so. 

A. Natural Gas Production and Contracting 

These considerations bear directly on the 
organization of production and exchange in 
the natural gas industry. Most natural gas is 
purchased by pipelines from independent 
producers for distribution to customers in 
regional markets. Like oil production, the 
extraction of gas requires large, durable, lo- 
cation-specific investments in facilities and 
equipment. However, unlike the field market 
for oil which is characterized by a func- 
tioning spot market, gas sales tend to be 
governed by extended contracts averaging 
fifteen to twenty years in length. This dis- 
parity in contractual structures governing 
commodities that are so closely related in 
production technologies may be traced to 
differences in transmission alternatives. 
Whereas pipelines represent virtually the only 
economically feasible form of transportation 
for gas, oil may be transported by truck or 
barge as well as by pipeline, thereby reduc- 

ing the extent to which oil producers are 
locked into a bilateral relationship.7 

Uncertainty regarding future market con- 
ditions can make it hazardous to commit 
resources contractually to a particular appli- 
cation, however. For example, in the face of 
a decline in gas demand, it may become 
more economic to sell gas to an alternative 
pipeline (if the decline is regional) or to store 
it for future use (if the decline is economy- 
wide). Since uncertainty increases with the 
distance of the relevant horizon, the need to 
provide for adaptation is most acute in longer 
term agreements. The prevalence of take-or- 
pay clauses in both long-term coal and gas 
contracts is consistent with this reasoning. 
Take obligations encourage efficient adapta- 
tion by relating the payment schedule in a 
contract to the alternative values of the re- 
sources either in sale to alternative customers 
or in storage for future use. 

Alternative sale values of a product in 
transaction-specific relationships are limited 
by the design and location of specialized 
investments. For natural gas, the most im- 
portant determinant of that value is the 
number and proximity of alternative pipe- 
lines. The fewer the connections to pipelines, 
the less likely that a producer will be able to 
dispose of gas at a price comparable to that 
in the original contract. In the extreme, the 
sale of gas to an alternative customer may 
require the construction of costly new trans- 
mission facilities.8 

6That joint profit-maximizing behavior does not al- 
ways coincide with the private incentives of the parties 
to an exchange is a familiar proposition: 

...joined as they are in an idiosyncratic condition of 
bilateral monopoly, both the buyer and seller are stra- 
tegically situated to bargain over the disposition of any 
incremental gain whenever a proposal to adapt is made 
by the other party. Although both have a long-term 
interest in effecting adaptations of a joint profit-maxi- 
mizing kind, each also has an interest in appropriating 
as much of the gain as he can on each occasion to adapt. 
Efficient adaptations which would otherwise be made 
thus result in costly haggling or even go unmentioned, 
lest the gains be dissipated in costly subgoal pursuit. 

[Williamson, p. 242] 

A more complete discussion of oil field markets and 
how they differ from those of gas is given in S. L. 
McDonald (1971). 

8Alternative sale possibilities are sometimes governed 
by the particulars of the supply contract between a 
producer and a pipeline. Often, the contract governs 
only a portion of the well's output, which is sold to the 
contracting pipeline on a first refusal basis. In other 
cases, particularly, when the field is served by a single 
pipeline, the entire output of a well is "dedicated" to a 
particular pipeline for the life of the contract. When gas 
demand is low, however, pipelines have little incentive 
to enforce these dedication clauses. Indeed, given the 
present surplus, many pipelines are attempting to re- 
negotiate their purchase obligations downward and 
would welcome sale to alternative buyers (see D. Nor- 
man, 1984). 
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Because of this, and the fact that the de- 
mand for energy resources often fluctuate on 
a nationwide basis, the best alternative em- 
ployment for both coal and gas is often to 
store it for future use. Since the product can 
usually be left in the field, storage is gener- 
ally less costly for the producer than the 
customer. The resource value of stored gas 
may be diminished, however, by the proxim- 
ity of other wells: gas not extracted may be 
drained away by other producers operating 
in the same field. To attenuate the problem 
of competitive extraction and protect land- 
owners from drainage, the primary gas-pro- 
ducing states have instituted well-spacing 
rules and prorationing of output among the 
wells in a field.9 The prorationing formulae 
generally used assign each producer an inter- 
est in the field based on surface ownership 
and well deliverability. Gas demand is di- 
vided among the various producers by the 
assignment of production allowables based 
on each producer's interest in the field. 

But such intervention, while mitigating the 
drainage problem, does not eliminate it. The 
formulae are, at best, imprecise rule-of-thumb 
estimates of gas location relative to surface 
ownership. Moreover, a production allow- 
able conveys only the opportunity, not the 
guarantee, to produce a given amount of gas 
in a specified period of time. An operator 
who is unwilling or unable to produce his 
allowable faces the prospect of drainage to 
those who do.'0 Consequently, most gas pro- 
duction remains governed by the Rule of 
Capture: ''Possession of the land... is not 
necessarily possession of the gas. If an ad- 
joining, or even distant, owner drills on his 
own land, and taps your gas, so that it comes 
into his well and under his control, it is no 

longer yours, but his.""II 
In general, the desirability of reallocating 

resources away from their intended use de- 
pends critically on their value in alternative 
applications. In the case of gas, the ap- 
propriate take obligation in each instance 
will depend on the nature of the well and its 
relation to other wells, piplines, and markets. 

B. Take-or-Pay and Breach of Contract 

To illustrate these concerns, consider the 
relationship between a pipeline (or buyer) 
and producer (or seller) of natural gas, both 
of whom are assumed to be risk neutral. 
After gas has been discovered but prior to 
investing in production and transmission 
facilities, the parties write a contract specify- 
ing a capacity level and the terms under 
which the product is to be exchanged in 
subsequent periods. The value of this capac- 
ity to the pipeline depends upon such things 
as weather patterns, economic fluctuations, 
and the prices of alternate fuels, all of which 
are uncertain at the time the contract is 
written and the well drilled. If we let 6 
represent this uncertainty, and define 

v(6) = the value of the well to the pipe- 
line, net of transmission costs and gross of 
payments to the producer; and 

y = the payment made by the pipeline 
to the producer for a contractually specified 
quantity of gas; 

then, once 6 is revealed, the pipeline and the 
producer would receive v (0) - y and y, re- 
spectively if the exchange takes place: for 
low values of 6, and hence of v, the pipeline 
would wish to breach the contract with the 
producer. Specifically, the pipeline would 
wish to discontinue deliveries whenever v(6' 
< y.12 Were this to occur, the pipeline would 

9Gas and oil prorationing differ in several significant 
respects, reflecting the greater importance of extraction 
rates on the amount of oil that is ultimately recoverable. 
For a more complete discussion, see R. E. Sullivan 
(1955). 

l?Both Texas and Oklahoma have attempted to en- 
sure that producers are equally able to sell their allow- 
ables by requiring pipelines to purchase ratably (accord- 
ing to each producer's interest) from their suppliers in a 
field. However, other states do not require ratable take 
(Sullivan, p. 348), nor does this approach preclude 
disproportionate purchases by different pipelines. 

Westrnorel/and acnd Camibria Naturall Gas Compani.y 
'. Dewvitt, 130 Pa. St. 235, 18A. 724, 725 (1889). 

12For analytical tractability, we consider a model in 
which gas deliveries are discontinued in a discrete fash- 
ion; i.e., the purchaser either "takes" the gas at the 
contract price, or else "pays" the contractually specified 
percentage of the full obligation and releases all of the 
gas contracted for to its alternative use. With a few 
exceptions, the continuous analog to this model in which 
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then earn no net return,13 and the producer 
would seek the next highest value of his 
capacity, s(a), which is a function of well 
attributes, a. 

Since efficiency requires that gas be used 
in its highest value, breach would in fact be 
efficient if s(a) > v(8). But for s(a) < v(8) 
< y, the pipeline would wish to breach even 
though it would be inefficient to do so. Fig- 
ure 1 depicts the ranges of v(8) for which 
the buyer would wish to breach and for 
which breach would be efficient. In general, 
there is a tendency, as illustrated in the di- 
agram, for breach to occur too frequently in 
unsecured agreements. 

The pipeline could, however, be induced 
to reject delivery efficiently by imposing a 
penalty for nonperformance, 8 = y - s(a). 
This penalty, known as "expectation dam- 
ages," is commonly employed by the courts 
and would normally apply to gas contracts 
in the absence of a stipulated take obliga- 
tion.14 If the courts always and unerringly 
chose this award, there would be little need 
to stipulate damages in the contract. But the 
uncertainty associated with judicial rulings 
encourages costly litigation. By stipulating 
damages, the parties avoid the costly process 
of determining the appropriate penalty in the 

l l l o~~~~~~v(&) 
s(a) y 

efficient breach 

buyer breach when not penalized 

FIGURE 1 

courts, and rejection of deliveries becomes 
an option that may be unilaterally invoked 
by the purchaser. 

Since the optimal penalty for breach de- 
clines as a well is depleted, gas contracts 
usually express the penalty for refusing de- 
livery as a fraction of reserves or deliverable 
capacity. In that way, the penalty obtaining 
in each successive period covered by the 
contract adjusts automatically to the declin- 
ing level of remaining reserves. Written as a 
percentage, y, of the contractually specified 
payment, the penalty described above be- 
comes 

(1) y-1-s(a)/y. 

Since y must be at least as great as s(a) to 
cover the fixed costs of production and in- 
duce the producer to enter the contract with 
the pipeline, the optimal take percentage will 
be nonnegative. As a rule, s(a) will equal y 
only when the producer can sell his output to 
another pipeline that comparably values the 
gas, which is unlikely unless the producer is 
already connected to several pipelines. At the 
other extreme where gas has no alternative 
value to the producer, the optimal take per- 
centage is 100 percent, which would be the 
case, for example, were all of the gas drained 
away by nearby wells if not extracted by the 
producer himself. 

C. The Effects of Regulation 

In general, contract terms perform two 
functions. First, they permit parties to estab- 
lish a division of the gains from trade that 
allows both to cover fixed costs; and second, 

the buyer may gradually decrease the quantity of gas 
taken from the producer yields the same qualitative 
results. 

13 By no net return, we mean zero revenues. Note that 
a pipeline's willingness to fulfill the terms of a contract 
may also depend on the opportunity to purchase alter- 
native low-cost gas supplies. In that case, his return in 
the event of breach would be max{0, i I where i9 is his 
net revenue from the alternative purchases. This possi- 
bility does not affect the optimal breach penalty dis- 
cussed below. 

14The efficiency of the expectation damage has been 
demonstrated elsewhere; see, in particular, J. H. Barton 
(1972), and Steven Shavell (1980). Richard Pierce (1983) 
has noted that under the Uniform Commercial Code, a 
pipeline would be liable to a producer for "the dif- 
ference between the market price and the contract price 
of the gas available but not taken" (p. 79), precisely the 
penalty described above. Note that take provisions only 
address the problem of buyer breach, and as such are 
only adopted where the principal source of uncertainty 
is on the demand side of the transaction, a condition 
true of both coal and gas production. In practice, parties 
must base their choice of 8 on the conditional expecta- 
tion of s(ar) in the event of breach. 
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they determine the performance incentives in 
force during execution of the agreement. 
When contract terms are freely set, transfers 
between the parties prevent distributional 
considerations from interfering with the 
choice of incentive structures. 

Thus far we have seen that take obliga- 
tions serve the second of these functions, and 
that buyers and sellers may have an incentive 
to specify such terms even in the absence of 
regulation and risk aversion. The presence of 
price controls, however, may distort those 
incentives. In the case of natural gas, well- 
head price restrictions prohibit certain divi- 
sions of gains and create an excess demand 
for gas production capacity. As a result, pro- 
ducers may engage in nonprice competition 
for capacity through the choice of contract 
terms. In that regard, raising take obligations 
will, ceteris paribus, increase the amount the 
seller receives when the buyer rejects de- 
livery, thereby raising the expected value of 
the contract to the seller."5 By setting a take 
percentage greater than the optimal level, the 
parties in effect sacrifice some efficiency in 
performance incentives in order to achieve a 
higher level of investment. The take per- 
centage that would be chosen in a regulated 
transaction becomes 

(2) y=1-s(a)/y+D, 

where D > 0 reflects the excess demand in- 
duced by the presence of binding price con- 
straints. 16 

II. Empirical Results 

Here we employ data on natural gas pro- 
ducer-pipeline contracts and associated well 
attributes to test the relationship charac- 
terized by equation (2), which we rewrite for 
estimation purposes as 

(3) Yi = - (ai)/Yi + (Di, 

where f is a coefficient measuring the effects 
of excess demand, Di, on take percentages. 
Prior to estimating this relationship, we de- 
scribe the data used in the estimation and 
construct a proxy for Di. 

A. Gas Contracts and Well Characteristics 

The data used for this study were obtained 
from several sources. Information regarding 
price and take obligations was obtained from 
a survey (EIA-758) conducted by the Energy 
Information Administration (EIA) in 1982. 
Through this survey, the EIA obtained de- 
tailed data on 659 contracts governing the 
interstate sale of natural gas from 615 wells 
located in the lower 48 states. The contracts 
included in the survey were randomly selected 
from post-1978 wells which qualified for in- 
centive pricing under Sections 102, 103, 107, 
and 108 of the Natural Gas Policy Act 
(NGPA, 1978).17 Since the data were ob- 
tained in disaggregated form, we were able 
to examine the relationship between take 
obligations and well characteristics on a 
well-by-well basis. 

Information on the characteristics of the 
wells governed by these contracts was ob- 
tained independently from records at the 
EIA. Data availability reduced the sample to 
approximately 300 contracts governing on- 
shore gas priced under NGPA sections 102 
(" new" natural gas), 103 ("new" onshore 
production wells), and 107 ("high cost" gas 
from deep wells, tight sands, Devonian shales 
or geopressurized brine). 

15Because an increase in y both raises the amount 
paid in the event of breach and reduces the number of 
states in which breach occurs, it is possible that beyond 
some point an increase in y could, depending on the 
distribution of 9, reduce the expected value of the 
contract to the seller. In equilibrium, however, more 
restrictive price ceilings lead unequivocally to higher 
take percentages on the margin (see our 1984 working 
paper). 

16The additive form of equation (2) follows directly 
from the model in our earlier paper where we char- 
acterize efficient contracts between a producer and a 
pipeline. The choice of y in an efficient contract is 
shown to be a second-best response to the existence of a 
regulatory price ceiling. 

17For a more complete explanation of the survey 
methodology, see EIA, "Natural Gas Producer/Pur- 
chaser Contracts..." (1982). 
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The variables employed in the estimations 
are: 

=Yi the contractually specified take per- 
centage for a contract covering gas produced 
from well i; 

Pi = the applicable price ceiling (if any) 
for this gas in October 1981; 

Pi0 = the actual contract price for the gas 
in October 1981; 

Di= a measure of excess demand for 
gas from well i; 

DEPTH, = the depth in feet of well i; 
BUYERSi = the number of indepen- 

dent pipelines serving the gas field tapped by 
well i; 

SELLERS, = the number of indepen- 
dent producers operating in the correspond- 
ing field; 

HERFi = the Herfindahl numbers equiv- 
alent for the concentration of pipelines in the 
FERC gas region corresponding to well i, 

= [E(Rit Ti)2] 1; 

where Rit is the dedicated reserves of inter- 
state pipeline t in FERC gas area i, Ti is the 
total amount of reserves dedicated to inter- 
state pipelines in the gas area, and the sum- 
mation is taken over all of the interstate 
pipelines with reserves in the gas area.18 

B. Excess Demand 

As a proxy for the effect of a price ceiling 
on the demand for gas, let 

Di = pi*-Pi if Po=P; 

=0 if pi?<Pi 

where pi is the price that would have ob- 
tained for well i in the absence of price 
constraints, and Pi is the applicable price 
ceiling. Thus, if the constraint on price is not 
binding, Di =0, and y is affected only by 
s(a). If the ceiling is binding, however, D 
measures the difference between the uncon- 
strained and ceiling prices. 

Since p* cannot be observed for Pi* 2 P, 
we employ maximum likelihood techniques 
to construct an estimate for this variable. 
Where the observations of the dependent 
variable are truncated, as is the case here, 
Tobit is an appropriate estimation proce- 
dure.19 In particular, suppose that p* = a Wi 
+ ei, where Wi is a vector of well characteris- 
tics affecting p*, and ei is normally distrib- 
uted with zero mean and variance a2. Then 
the observed price in a contract covering well 
i would be 

P0 Pi if Pi* <Pi, pi =pi, pi 

= Pi, if P* > 3- 

The likelihood function of the ith observa- 
tion is 

Li = (aWi) if Po< 

=1-F(aWj) 
if po =j- 

Estimates for p* are derived by maximiz- 
ing the likelihood function, 

N 

Ai= HLi, 

with respect to a and a 
Results of the estimation of pi are re- 

ported in Table 1. The price at which gas is 
exchanged in an unregulated transaction de- 
pends upon the costs of drilling and connect- 
ing the well to a pipeline, as well as on the 
relative bargaining positions of the transac- 
tors. In general, one would expect drilling 
costs, and hence price, to be positively re- 
lated to the depth of the well. Also, a large 

'8In order to construct a pipeline, the Natural Gas 
Act (1938) requires that the transmission company ob- 
tain a certificate of public convenience and necessity 
from FERC. One requirement is that the transmission 
company demonstrate "adequacy of reserves"; i.e., a 
sufficient supply of gas to keep the pipeline in operation. 
As a result, gas reserves are often contractually "dedi- 
cated" to individual pipelines. Thus one indicator of the 
proximity and capacity of pipelines in a geographical 
region is the number of pipelines that have dedicated 
reserves in the area and the relative size of those re- 
serves. The information used to compute this measure 
was obtained from EIA, "Gas Supplies of Interstate 
Natural Gas Pipeline Companies-1980," (1980). 19See, for example, G.S. Maddala (1983). 
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TABLE 1-ESTIMATION OF p* 

Variable Coefficient T-Ratio Mean 

CONSTANT 1.0623 10.890 1.000 
DEPTH .27465 x10-3 4.4689a 10368. 
HERF .35661 2.7472a 4.8687 
BUYERS .34237 2.6665a 4.5709 
SELLERS -.06202 -2.4156b 9.3041 
Chi-square: 403.333 with 4 degrees of freedomc 
Number of observations: 296 
Proportion of observations for which p0 < p: .1757 

aIndicates significance beyond the .01 level. 
bIndicates significance beyond the .05 level. 
'Indicates significance beyond the .001 level. 

number of buyers and sellers in a particular 
gas field would tend to undermine the re- 
spective group's bargaining position, with 
corresponding effects on price. In addition, 
to the extent that connection costs are re- 
duced by the proximity of transmission lines, 
increases in the concentration of pipelines 
serving an area should also raise the value of 
the transaction. The availability of alterna- 
tive pipelines depends both on their number 
and transmission capabilities. The Herfin- 
dahl measure defined above provides a proxy 
for the proximity of pipeline capacity to a 
particular well. 

As can be seen from Table 1, the coeffi- 
cient on each of the variables has the ex- 
pected sign and is significant beyond the .05 
level. 

C. Take-or-Pay Percentages 

We may now turn to estimating the effects 
of alternative values and excess demand on 
take percentages. To derive an estimate of 
s(a), the alternative value of a well, recall 
that this value will be the maximum of two 
alternatives: the resource value, which is the 
discounted value of the gas if left in the 
ground to be sold at a later date less losses 
due to drainage by other wells; and the sale 
value, which is the net value of the gas from 
sale to another pipeline. 

Letting Xi be a vector of attributes affect- 
ing the resource value and Zi a vector af- 
fecting the sale value, the expected value of 
the gas in an alternative use may be repre- 

sented as 

s(ai) = (1 Xi + 22Zi)qi, 

where qi is the capacity of well i, and 81 and 
20 

P2 are coefficient vectors. 
Substituting into equation (3) and adding 

an error term, Ei yields 

Xi z. 
(3 ) yi = I-1 Io-,1X2 o+ +Di + ?i 

Pi Pi 

The theory of the preceding section pre- 
dicts that well characteristics, X and Z, 
which raise (lower) the alternative value of 
developed capacity should lead to a decrease 
(increase) in the size of take obligations, and 
thus implies negative (positive) values of the 
corresponding coefficients in 81 and /82. 

Meanwhile, we would expect that the more 
constraining the price ceiling, that is, the 
greater p*- Pi, the larger should be yi, im- 
plying t > O. 

In determining the resource value of the 
gas, the larger the number of sellers in a 
field, the greater the drainage that would 
occur if a producer were forced to "shut in" 
his supplies, and hence, the lower this alter- 
native value. The alternative sale value in 
turn would be expected to increase with the 
availability of alternative purchasers as mea- 
sured by the number of buyers in the field 
and the number of pipelines in the region. 
Hence, BUYERS and HERF should both 
raise the expected alternative value of a well, 
implying a lower take percentage, and 
SELLERS should reduce s(a) and raise y. 

The ordinary least square (OLS) estimates 
of (3') are presented in Table 2. (The prefix S 
on a variable indicates that it has been di- 
vided by price, see equation (3'). Also note 
that y is expressed in percentage terms rather 
than as a fraction.) Each of the coefficients in 
this regression has the predicted sign and is 

20It would be possible to estimate s(a) as the maxi- 
mum of its resource and sale values using switching 
regression techniques (see Maddala). We have chosen 
instead to let well characteristics affect the expected 
value of s(a) additively for its relative computational 
ease. 
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TABLE 2-ESTIMATION OF TAKE OBLIGATIONS 

Variable Coefficient T-Ratio Mean 

CONS TANT 82.0822 43.6650 1.000 
SSELLERS .4833 2.0927a 3.9819 
SBUYERS -1.3136 -1.7589b 2.1080 
SHERF -.8646 -1.7929b 2.3270 
REGCONST(D) 1.85132 3.9956c 2.8897 
F: 13.24079 with 4 and 294 degrees of freedomc 
Number of observations: 299 
R2= .1526 

aIndicates significance beyond the .05 level. 
bIndicates significance beyond the .1 level. 
c Indicates significance beyond the .001 level. 

statistically significant beyond the 10 percent 
level. The evidence is thus consistent with 
the hypothesis that take percentages are de- 
signed to influence adaptation in long-term 
contracts and, in particular, are negatively 
related to the alternative value of gas re- 
serves. Moreover, price ceilings seem to have 
the predicted effect on take provisions, rais- 
ing the percentage paid for nondelivery. The 
findings indicate that, at the mean, a 1 per- 
cent decrease in the price ceiling will lead to 
a 6 percent increase in the take obligation. 
For the mean values of the independent vari- 
ables, the regulatory price ceiling increases 
the predicted take obligations from 79 to 85 
percent. 

III. Conclusions 

The results of this paper suggest that the 
incentive to provide flexibility in long-term 
contracts is an important consideration in 
the design of contract terms, and that the 
nature of those terms can be predicted on the 
basis of characteristics of the transaction. In 
particular, we have identified an efficiency 
motivation for the inclusion of take-or-pay 
provisions in long-term agreements: take ob- 
ligations induce purchasers to release output 
to alternative uses only when it is efficient to 
do so. These incentives may be distorted, 
however, by the existence of regulated price 
ceilings. In the case of natural gas, govern- 
ment regulation of wellhead prices appears 
to have caused nonprice competition in take 
obligations leading to higher percentages than 

would prevail in the absence of such regu- 
lation. 

Empirical tests presented in the paper sup- 
port the hypotheses of the model. Take per- 
centages are significantly lower for wells as- 
sociated with small numbers of sellers and 
large numbers of buyers, each of which raise 
the alternative value of the gas, a result 
which seems to apply more generally: E. M. 
Carney, for example, has noted that, in coal 
contracts, "If... the coal mine has no access 
to other markets, the seller obviously has 
more need for a take or pay clause than he 
would otherwise"; while, on the other hand, 
"If the seller can get his product to other 
markets, the take or pay provision is often 
tempered to reflect that fact" (p. 226). 

The evidence presented here refutes the 
common perception that take-or-pay provi- 
sions are soley an artifact of wellhead price 
regulation and hence serve no useful purpose 
in the absence of regulation. Providing that 
externalities do not result in a divergence of 
private and social valuations,21 take obliga- 
tions contained in contracts written in unreg- 
ulated environments provide for efficient 
adaptation to changing circumstances in long- 
term contractual relationships. Whether a 
policy to reduce excessive take provisions to 
ex post optimal levels should be advocated 
on the basis of regulatory interference de- 
pends upon both the current regulatory status 
of the gas covered by the contract and the 
regulatory environment expected to govern 
the sale of gas discovered in the future. For 
example, if the gas under consideration has 

21 Where a field is exploited by a single producer, the 
gas production process involves no obvious externalities. 
With more than one operator, however, gas not sold by 
one producer may be captured and profitably marketed 
by other producers in the same field. In that event, the 
social value of "shut in" gas is apt to exceed the value of 
that gas to the original producer, leading to the adoption 
of take provisions in excess of socially optimal levels. To 
the extent that the drainage problem is exacerbated by 
the number of sellers in the field, the results in Table 2 
suggest that take percentages are raised by less than 
one-half of 1 percent above the socially optimal level for 
each additional producer in a given field. This implies 
that, on average, take percentages exceed their socially 
optimal levels by less than two percentage points due to 
the externalities associated with competitive extraction 
from a common pool. 
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been deregulated and deregulation is ex- 
pected to continue in the future, the possibil- 
ity of private bilateral renegotiation obviates 
the need for intervention. With the removal 
of the price ceiling, the efficiency gains aris- 
ing from the reduction of take obligations 
can be distributed between the buyer and 
seller through price adjustments, effecting a 
true Pareto improvement.22 

Contract terms should also be upheld for 
categories of gas that currently remain regu- 
lated if price regulation is expected to be 
extended into the future: the precedent 
established by a reduction of take per- 
centages from the second-best levels stipu- 
lated in the contracts could seriously distort 
,capacity investment decisions for future 
wells. On the other hand, if future dis- 
coveries are expected to be sold in an unreg- 
ulated environment, the efficiency gain from 
a one-time reduction in take obligations is 
not offset by adverse precedential effects on 
future investment. In this event, a prima 
facie case can be made for intervention to 
reduce take obligations to levels consistent 
with efficiency absent regulation. However, 
these potential benefits must be weighed 
against the ability of the government to in- 
tervene advantageously. Inasmuch as opti- 
mal take percentages depend upon character- 
istics of individual wells, effective interven- 
tion would require well by well adjustments. 
Given the government's previous record on 
well-specific regulation (see fn. 1), the practi- 
cality of this solution is in doubt. 

22While such renegotiation is certainly not costless, it 
is likely to be less expensive and more precise than 
either judicial or legislative intervention. 
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