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Risk Aversion and OPEC: 
An alternative model for OPEC 

 
 
 

I. Introduction 
Ever since the first oil price shocks of 1973, OPEC has been an enigma.  The usual explanation for low 

oil production capacities among OPEC members is that OPEC operates as a cartel.  However, with ten or more 
members making up OPEC’s producers, it is difficult for such a cartel to be successful.  Van Huyck et. al. (1990) 
and other game analyses suggest agents playing cooperative games have a difficult time trusting each other 
especially if a small amount of uncertainty occurs, which is the case for OPEC.  Based on those games, it should 
be extremely hard for OPEC to cooperate to change oil prices.  Furthermore, as Adelman (1986b) implies, OPEC 
members face the risk of losing oil value now due to technological innovation later should they attempt to refrain 
from production.  Therefore, due to the potential competition, the future risk of technological substitutes for oil, 
and the difficulty of coordinating in a game, there should be little if any supply reductions by OPEC members.   

However in the existing literature on OPEC, Kaufmann, et. al. (2004) and Loderer (1985) do show that oil 
prices have been affected by OPEC actions, at least to a small degree.  Furthermore, Adelman (1986a) shows that 
there is less investment in Saudi Arabia and Kuwait than what would normally be the case in the United States, 
which suggests an effort to reduce output.  What’s more, there was less investment in Saudi Arabia after 1973 
than what was normal for it before 1973.  However, if OPEC is affecting the market price, it is still unclear what 
market manipulating model—cartel, price leader or some form of oligopoly—best represents OPEC.   

In this paper Venezuela oil production in comparison to OPEC’ stated quota for Venezuela is looked at.  A 
test is conducted to see if Venezuelan production Granger causes the OPEC quota for Venezuela or vice verse.  
The results show both occur.  However, during the 1970s when there was no quota for Venezuela, Venezuelan oil 
production declined even as prices compared to the 1960s were twice as high.  Therefore, the 1970s cannot be 
characterized as a cartel since there was no quota.  When oil prices went down in the 1980s and 1990s 
Venezuelan production increased and the OPEC quota increased, mostly in response to, rather than as a cause of, 
Venezuelan oil production.  This suggests an alternative explanation for OPEC is needed.  One explanation for 
OPEC is that each member is risk averse to changing its status quo due to the Cautious Shift Phenomenon.    

The paper is organized as follows.  The next section looks at the theories of OPEC, then the tool (quota 
system) that OPEC can use to affect prices is considered.  The fourth section looks at capacity constraints by 
OPEC members to see if a quota tool of OPEC could be being used or not.  In that section, an indexed Hubbert 
production curve is introduced for individual producers including Venezuela.  Then Venezuela ‘s production 
relationship to the OPEC quota is tested for Granger Causality.  The fifth section looks at an alternative 
explanation for OPEC:  The Cautious Shift.  Decision making at the margin and internal versus external risks will 
be considered.  In the sixth section, we examine the typical decision rule for an oil explorer at the margin and 
consider how risk plays into the decision to invest.  In the seventh section, we look at internal versus external 
risks that an OPEC member will choose.  In the eighth section, is shown the risk averse world oil production 
model that explains why 2005 was the peak for world conventional oil production. 
 

II. What is OPEC 
A number of models explaining OPEC behavior have been proposed.  Johany (1980) proposed a low 

discount theory.  Ezzati (1976), Cremer and Salehi -Isfahani (1991) and Teece (1982) proposed target revenue 
models.  Moran (1982) and Adelman (1993) among others proposed political explanations for the cause of the 
1970s and 1980s oil price shocks.  Griffin (1988), and Al-Sultan (1993) proposed several types of collusive 
behavior, and Pindyck (1978) proposed a Hotelling (1931) model.  Attempts to verify these models are shown in 
Griffin (1985), Green (1988), Jones (1990), Dahl and Yucel (1991), Griffin and Nielson (1994), Gulen (1996), 
Alhajji and Huettner (2000a and 2000b), Spolimbergo (2001), and Ramcharran (2002), but without definitive 
success.  As far as collusive quotas are concerned, Gault et. al. (1999) could not firmly establish a single 
statistically significant model for how the assignment of quotas is done within OPEC.   
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Smith (2005) looks at several of the models for OPEC including a target revenue model, a Bertrand-

Edgeworth Model, a Stackelburg Model, a Cournot model, and a perfectly competitive model.  The author 
concludes that few interesting hypotheses for OPEC have been rejected.  He states that, “it is possible to find bits 
of behavioral evidence in the historical record that are consistent with a wide range of alternative hypothesis—
therefore making it difficult to reject any.”  Smith however does suggest an alternative model for OPEC: it is a 
bureaucratic production syndicate that somehow allocates quotas but which faces high costs of making decisions.  
Thus due to the high cost of decision making, OPEC members are reluctant to make changes in their allocation of 
quotas unless the outcome of the reallocation is substantially better for all members.  Since that is rarely the case, 
OPEC seldom changes its outputs.   

One of the problems with the idea of a bureaucratic production syndicate with seldom changing output 
allocations is that OPEC had no quotas from 1974 to 1981 and therefore it conducted no coordinated output 
reductions or output allocations during that time even though oil prices averaged twice as high in real terms than 
compared to the previous ten years.  It may be true that OPEC members saw a reduction in their oil outputs right 
around the 1973 oil price shocks making it look as if OPEC was trying to be a cartel or look as if they were 
actively engaging in production cutbacks, but most likely much of this reduction in supplies was due to the take-
over and nationalization of oil and gas assets that took place around that time.  1

An alternative explanation for the actions of OPEC is explained by Reynolds (1999a), who introduces the 
concept of risk aversion to OPEC.  This is not risk aversion to losing oil’s value due to future energy technology 

 Reductions were due to 
institutions.  As the national companies took over the oil fields, there was an inevitable reduction in production as 
new local and possibly inexperienced managers were put in place and as risk aversion, explained below, emerged.  
Still since no output agreements were mandated and everyone was free to produce as much as they wanted, then 
unless it can be proven that OPEC had a secret allocation protocol the bureaucratic production syndicate model 
has to be rejected.   

Therefore, given Smith’s and Loderer’s results and given the incentive for cheating that exists and given 
that no production quotas existed prior to 1982, there is no solid evidence for any model that can explain OPEC 
decision-making or market effects over the entire course of OPEC’s existence.  Smith does however show 
convincing evidence that OPEC members are not merely free market competitors.  Smith shows that monthly and 
quarterly production changes for oil producers relative to other OPEC and non-OPEC producers does not exhibit 
compensating change.  In other words, if OPEC were a cartel, each member would change outputs to compensate 
for other OPEC and non-OPEC variations in output more than 50% of the time, but that does not happen.  More 
surprising, if OPEC members were not complying with any organizational directives at all or were simply 
participating in a Cournot Oligopoly or in a competitive market, then they would have at least a 50-50 chance of 
arbitrarily compensating their own production levels vis-à-vis other OPEC and non-OPEC members.  That does 
not happen either.  Rather, compensating quantity changes happen significantly less often than a 50-50 chance, 
which Smith believes is indicative of a bureaucracy that inefficiently runs the group.  Smith’s results indicate that 
there has to be more to OPEC than just a group of competitive producers or even a type of oligopoly.  Something 
is constraining output. 

It is possible though that OPEC engages in a tit-for-tat game between its price leader Saudi Arabia and the 
rest of OPEC.  For example Geroski, Ulph, and Ulph (1987), Dahl and Yucel (1991), Alhajji and Huettner (2000a 
and 2000b), and Griffin and Nielson (1994) and Dibooglu and Algudheu (2007) do show a tit-for-tat game 
strategy within OPEC.  However while a tit-for-tat game strategy to reduce outputs and punish cheaters can work 
in the short term, there is still incentive to cheat over the long term and expand production capacity.  If everyone 
knows that in each successive play of the game there will be cheating, and that in order to take advantage of the 
inevitable cheating in the next play it is best to attain a higher capacity to get more of the pie when it is split, then 
each member should aggressively be engaging in capacity expansion over the long haul.  Indeed game theory 
suggest that it is extremely difficult for such tit-for-tat games to work over the long run.  Yet there is little 
expansion.  Moreover, there was no tit-for-tat game for OPEC prior to 1981, since no quota agreements existed.   

                                                 
1 In 1970, Libya raised taxes, which can also stifle aggressive investment.  In 1971 more OPEC governments raised taxes, 
and Algeria, Libya and Venezuela began nationalizing assets.  In 1972, OPEC raised oil prices and Iraq nationalized its oil 
with OPEC support.  Also Kuwait, Qatar, Saudi Arabia and the UAE started taking equity stakes at that time.  In 1973, Iran 
replaced its equity sharing agreements with service contracts.  In 1974, Saudi Arabia took controlling interest in Aramco.  
Kuwait nationalized its oil operation in 1976. 
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in the Adelman (1986b) sense, but risk aversion to making risky exploration investments.  This analysis relies on 
Friedman and Savage’s (1948) idea of risk in economic models along with Markowitz’s (1952) idea of the utility 
of wealth, as well as Kahneman and Tversky’s (2002) idea of prospect theory.  If oil producers are risk averse to 
exploration and development, then that could induce less exploration and development leading to low oil supplies.       
 

III. The Tool of OPEC  
Since Kaufman et. al. show evidence that OPEC is raising oil prices at least somewhat, we must find a 

tool that OPEC can use to carry out that slight market manipulation.  For example the U.S. Federal Reserve has a 
tool to change interest rates, which is through monetary policy.  Similarly OPEC must use changes in the world’s 
oil supply to affect oil prices.  OPEC agreements may include price targets, but OPEC can only achieve those 
targets by changing the physical oil supply and in particular by changing OPEC oil supply.  That is the only tool it 
has. 

However, if OPEC were in control of the oil market the way a central bank controls money markets, then 
whenever OPEC announces a price target, not only should the rest of the market immediately move to that price 
target, but the cartel should also be able to adjust its output to force the world price to match its target very 
quickly.  However, Loderer shows that from 1974 to 1981, OPEC announcements for new price changes had no 
immediate affect on the world spot price for oil.  However after 1981 OPEC decisions did immediately affect the 
spot price, but only for a limited time and only very slightly.  That suggests that OPEC did not manipulate the oil 
market from 1974 to 1981.  Furthermore as stated, OPEC had no quotas or quantity restrictions for its members 
between 1974 and 1981 so there was no tool in place that OPEC could have used to change prices.   

Officially, OPEC announced price targets during the 1974 to 1981 period, but since these prices were 
lower than spot prices, then, contrary to what a cartel or bureaucratic syndicate would do, OPEC tried to expand 
output not reduce it.  Plus looking at official news releases during this period, most OPEC members wanted high 
prices, but Saudi Arabia the main producer wanted low prices.  This is indicative of a price leader model.  If Saudi 
Arabia was a price leader during this period then it would prefer prices to be high but not too high, which means 
Saudi Arabian calls for lower prices make sense.  This is because if prices were too high, the demand for oil 
would eventually fall over the long run, as Adelman (1986b) suggests, due to the incentive to seek substitutes for 
oil and eventually Saudi Arabia would lose money.  But if the demand for oil fell in the long run, the price 
followers would assume that the price leader would reduce its output to keep prices from falling and the threat of 
falling prices wouldn’t affect them.  This may be why OPEC had a hard time determining the price they wanted to 
target from 1974 to 1981.  However, since there were no quota restrictions on any OPEC members at the time, 
there was no mechanism for OPEC to use to achieve its price goals.   

So since OPEC used no tool to change the price of oil from 1974 to 1981 and since Loderer gives 
evidence that OPEC did not control prices during this period, then this shows OPEC as a whole did not 
successfully affect oil prices either as a cartel or as a bureaucratic production syndicate at that time.  Yet oil prices 
were on average 200% higher in real terms than the previous decade and more interestingly total OPEC 
production from 1973 to 1977 before the Iranian revolution was flat.  So on the one hand there was no tool that 
OPEC actively used to manipulate oil prices, yet on the other hand, oil prices were high and production levels 
within OPEC members stayed flat even though their proven reserves were substantial.   

Starting in 1981, though, OPEC attempted to engage in classic tit-for-tat output reductions.  In May 1981 
there was an official announcement that everyone in OPEC except Saudi Arabia would reduce their output.  
Importantly that announcement immediately affected spot prices.  Thus the supply tool was working.  This output 
reduction agreement was the first output agreement since 1973 where OPEC actually used its quantity reduction 
tool to affect prices and where it had an immediate effect on spot prices.  But then after a slight price increase, 
prices proceeded to fall.  In fact, Loderer found that most of the agreements from 1981 to 1983—which were 
always agreements about output cutbacks rather than prices—immediately affected the price of oil by raising it, 
but only for a short while before prices began to fall again.  Thus it may be that starting in May 1981 OPEC did 
finally act as a tit-for-tat oligopoly.   

Nevertheless, if a tit-for-tat oligopoly, or possible cartel or bureaucratic production syndicate was strong 
enough from 1981 to 1983 to actually affect spot market prices, then how could prices in general have collapsed?  
If the oligopoly was so weak from 1974 to 1981 that it had no discernable affect on spot prices after each of its 
decisions then why were prices so high?   Undoubtedly OPEC had less affect on prices than did the world supply 
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of and demand for oil.  In other words, from 1974 to 1981, it was the world’s high demand for oil that pushed 
against a weak supply that caused prices to increase, not OPEC actions.  After 1981 OPEC’s lack of ability to 
maintain high prices was due to oil demand destruction going on at the time and due to the increasing share of 
fringe oil producers.  Thus OPEC should be seen as a competitor rather than a strategic manipulator in world oil 
markets. 

Indeed we might ask, if OPEC was a market manipulator after 1981 then what market power did they 
have?  One way to measure market power is to use an oil market worldwide Herfindahl-Herschman Index (HHI) 
that assumes OPEC and the Soviet Union are single producers.  Using data from the EIA for 1982, OPEC as a 
single producer controlled 28% of the world oil supply.  The Soviet Union, which often sold oil on the world 
market and which created incentives to reduce internal communist consumption with internal price increases, see 
Gustafson (1989), controlled 21% of the world supply.  The Soviet Union therefore actively engaged in world oil 
markets by increasing exports both with attempts to increase its supply and reduce its internal demand.  If we 
include each oil producing country as a single unified producer (even for the United States) then the HHI for 1982 
was less than 1700 indicating the world oil market was “moderately concentrated” according to U.S. Department 
of Justice (2008) definitions.   

After the price collapse of 1986, though, there were many sustained periods of price increases which were 
instigated by OPEC as Kaufmann et. al. show.  Therefore OPEC agreements, which Alhajji and Huettner (2000a 
and 2000b) and Dibooglu and Algudhea (2007) show as a tit-for-tat oligopoly, definitely affected prices.  Smith 
also finds a marked decrease in the probability of compensating changes after the quota system is put in place in 
1982 which would indicate that OPEC is definitely different before 1982 then it was from 1982 onward.  
Therefore the pre- and the post-May 1981 data may require two separate models to explain OPEC. 

   
IV. Is OPEC’s Oil Production Capacity Constrained:  the example of Venezuela 

Based on Van Huyck  and game theory, we should see oil countries cheating on any and all OPEC 
agreements especially in the long run.  Members should expand their oil supply capacities at will in order to better 
negotiate for higher quotas inside OPEC, or in order to have better bargaining power within a production 
syndicate or a tit-for-tat game, or even to maximize their oil’s value before alternative energy technology takes 
that value away.  Yet OPEC members and even some non-OPEC members seem to have constrained production 
outputs.  Consider specific examples of OPEC members and some non-members lack of expansion. 

First look at the United States as an example how quickly expansion can take place.  U.S. offshore oil 
production evidence, EIA (2005), from 1990 to 2002, shows that even though U.S. offshore oil exploration, 
development and production is relatively more costly than on-shore oil exploration, development and production, 
nevertheless the U.S. did manage to expand its offshore oil production by about 5% per year during those years.  
That was during a time when oil prices often dipped below $10 per barrel in nominal terms and were never more 
than $30 per barrel.  In fact they stayed below the $20 market much of the time.  The U.S. off-shore oil reserves 
as of 2005 were at 5 billion barrels or a 9.7 year reserves to production ratio which has not changed much over the 
years.  That suggests that if a high cost region like the U.S. offshore oil region can have expanding oil production, 
and having no reduction in proven reserves, in a competitive market over a ten year period, then so should any 
one of the smaller or medium sized OPEC oil producers, who are fringe cheaters—competitors—at the margin.  
Those producers would normally be price takers in a cartel with cheating, and they mostly have rather large 
proven reserves from which to utilize.   

Therefore individual OPEC members should theoretically be engaging in output capacity expansions 
faster than they have done.  And Venezuela provides an example.  In the 1980s Venezuela hovered at oil 
production levels of around 2 million barrels a day until it opened up its oil fields in the 1990s to outside oil 
companies through the use of profit sharing agreements (PSAs) and expanded its oil supply capacity at about a 
4% increase per year.  Since few OPEC members were expanding output capacities during the 1990s at such a 
pace—even though most members have stated proven reserves in excess of a reserve to production level of 50 
years—then that suggests cheating by OPEC members by expanding capacity in the long run could have been 
easily done.     

In Venezuela’s case the oil expansion caused Venezuela to push above its quota theoretically allowing it a 
higher piece of the OPEC pie for subsequent quota negotiations.  Therefore, if expansion and cheating is possible 
with Venezuela, than it should also be possible with other OPEC members.  More to the point, if Venezuela could 
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do it, why wasn’t everyone in OPEC doing it?  Such capacity expansion would be an easy way to gain revenue.  
Yet no other OPEC member except possibly Qatar was expanding their production capacity as fast as Venezuela 
in the 1990s, even though Adelman and Shaki (1989) show costs for most OPEC and many non-OPEC countries 
were low and even though these countries have high levels of proven reserves.  For example, Iran was able to 
increase its oil production by only 1% per year during the 12 years from 1990 to 2002.  Iran currently has stated 
reserves of 130 billion barrels or a 114 year reserve to production ratio.  The United Arab Emirates increased its 
oil production by only .5% per year during the same period, yet U.A.E. has stated reserves of 97.8 billion barrels 
for a 112 year reserve to production ratio.  Finally Nigeria was only able to increase its production by 1.3% during 
the same period.  Nigeria has stated reserves of 34 billion barrels which gives it a 44 year reserve to production 
ratio.  Even Mexico seems to follow a similar pattern of non-expansion as OPEC members even though it isn’t a 
part of OPEC. 

One way to make such a comparison is to use what is called a quadratic Hubbert curve see Al Jarri and 
Startzman (1999) and Reynolds (1999b).  The standard Hubbert model, Hubbert (1962), specifies a logistics 
model that can be solved as a cumulative production model subsuming the time variable.   For production the 
model is as follows: 

 
2

21 ** CQPbCQPbQP +=       [1] 
Where: 
  QP = the Yearly Production Rate 
 CQP = the Cumulative Production 

 
Equation 1 gives a simplified Hubbert curve that can be used to determine if other countries are as 

aggressive as the United States in oil exploration and development.  By comparing different countries to the U.S. 
using Equation 1 and indexing the expected Ultimately Recoverable Reserves (URR), the CQP value at t = 
infinity, of the different countries, using cumulative production and proven reserves and, if available, probable 
reserves, it is clear that a number of countries are below what they could normally expect to produce had they had 
an open competitive market like that of the U.S..  See figure 1-5.  The indexed Hubbert curves URRs are 
proportional to cumulative production and official proven reserves, except for Mexico which also includes 
probable reserves.  Therefore the evidence shows that these countries have restrained supplies.  However, a model 
must explain this constraint and still be consistent with Loderer’s and Smith’s evidence.   

Looking at Venezuela in particular, I test whether Venezuela’s oil production Granger causes the OPEC 
quota for Venezuela or whether the OPEC quota for Venezuela Granger Causes Venezuela’s oil production.  The 
data is from EIA monthly oil production for individual OPEC members and OPEC’s own quota data.  If OPEC is 
a cartel, then it should be the case that the OPEC quota Granger Causes Venezuela’s oil production not vice verse.  
The evidence shows for a month by month test for causation six months ahead of current production that we 
cannot reject no Granger causality in either direction.  The F-test for the hypothesis that the OPEC Quota does not 
Granger Cause Venezuelan Oil production is 43.  The F-test for the hypothesis that Venezuelan oil production 
does not Granger Cause OPEC Quota is 85.  Therefore we reject both hypotheses and find that the quota affects 
production and vise verse.  But it is still odd to have production affect the quota.  In fact looking closer at the 
quotas and production it is clear that there are only a few instances when Venezuela did follow the quota, most of 
the time it was the quota following Venezuela’s production. 

A bigger problem to solve is that since Venezuela did engage in capacity expansion in the 1990s with 
PSAs, then why couldn’t Venezuela’s own oil company, Petroleos de Venezuela, unilaterally expand its 
production without PSAs or without outside international oil companies (IOCs)?  If you are going to expand 
capacity, then just do it yourself.  Why bring in IOCs to do it, and give away any of the profit, unless you cannot 
do it yourself?  Therefore a model needs to explain why Petroleos de Venezuela could not expand its own 
production by itself without the use of PSAs.  None of the models of OPEC can explain that.   
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Figure 1 
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Figure 2 

 Kuwait and US Indexed Hubbert Curves
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Figure 3 
 

Mexico and US Indexed Hubbert Curves
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Figure 4 

Nigerian and US Indexed Hubbert Curve
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Figure 5 
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Figure 6  Decision analysis at the margin, should you invest in one more project? 
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V. An alternative cause for OPEC actions—the Cautious Shift  
The most important question concerning OPEC is not what it is, but rather why does not each of the 

members cheat on any and all OPEC agreements and simply expand their production capacity at will especially 
over the long run as Venezuela did in the 1990s.  An alternative hypothesis is needed.  The alternative hypothesis 
must explain OPEC member behavior and the behavior of some non-members like Mexico where each 
government owns an oil monopoly.  One such theory is the Cautious Shift Phenomenon.    

Stoner (1961 and 1968) originally proposed the Risky Shift Phenomenon after experiments showed that 
individuals, when placed in a group, take more risks than they would when by themselves.  See also Kogan and 
Wallach (1964) and Wallach, Kogan, and Bem (1962).  The level of risk taking changes when people are in 
different environments.  The Risky Shift Phenomenon may explain why a mob can become unruly since 
individuals in the mob engage in risky illegal activities in a group setting that they would not otherwise engage in.  
This has been further developed into the Group Polarization Effect by Levine and Moreland (1998) where groups 
can be pushed by a dominant personality to become more risk loving or even more risk averse in certain 
situations.  See Isenberg (1986) and Kerr et. al. (1996). 

Interestingly, Stoner originally was trying to prove that people would exhibit a Cautious Shift rather than 
a Risky Shift, since he believed that people would become more cautious when making decisions in front of a 
group.  Stoner’s motivation is based on General James M. Gains who talked about military generals being more 
risk averse in history.  For example Kowert and Hermann (1997) note that throughout history high ranking 
generals, who were identified as vacillating in their later careers, were noted for their daring and determination as 
junior officers.  Thus it seems that as people increase their responsibilities, they exhibit a cautious shift and this 
may affect business decision making as well.   

The idea of the cautious shift does show some validity in business.  Shupp and Williams (2008) show 
group risk aversion for high risk lotteries.  March and Shapira (1987) show that company managers may shift 
their level of risk taking depending on circumstances.  Swalm (1966) shows managers appear to have an 
excessive aversion to any outcome that could yield a net loss.  Viscusi, Magat, Huber, (1987) show managers are 
extremely reluctant to accept responsibility for even a small increase in the probability of a disaster.  Miller and 
Ross (1975) argue that managers assess risk based on the worst possible outcome.  Kahneman and Lavallo (2002) 
suggest that managers tend to make bold forecasts and yet take timid choices.  Also Kahneman and Tversky 
(2002) show that individuals over emphasize extreme outcomes.   

In the case of a government owned oil company, Ramsey (1980) shows interesting results that an 
asymmetry may exist whereby a business loss by a government company could result in a larger decline in the 
constituents’ utility than an analogous gain would raise it.  This may be due to the fact that increased government 
revenue would be subdivided into a myriad of different projects, effectively diluting whatever benefits the extra 
profits give.  On the other hand, losses generated by a government-owned oil company have a clear source—
higher taxes or program cuts—and the main constituents affected may feel that their tax money had been wasted 
on a questionable endeavor.  This asymmetry in utility changes for gains and losses of national income follows 
Khaneman and Tversky’s (2002) prospect theory and is a political consideration that may make monopoly 
national oil companies more risk averse than private enterprises.   

Another interesting example of risk aversion is the US Gulf of Mexico’s outer continental shelf lease 
bids.  Smith (1982) shows that larger oil companies that bid on leases there were placing higher bids than smaller 
companies which suggests that the larger companies were less risk averse (taking more risks) than the smaller 
companies.  However, an alternative explanation implied by Baun et. al. suggests that economies of scale are at 
play.  Large companies are seemingly less risk averse but in reality are pursuing economies of scale.  Economies 
of scale allows them to submit higher lease sale bids because if they win more leases, they can expand their 
operations enhancing cost cutting by having greater specialization in the drilling and development of wells.  More 
leases reduce costs.  Therefore, the big companies higher bids suggest a pursuit of economies of scale, not a 
characteristic of lower risk aversion.  Thus it can still be the case that the larger an oil and gas company is, the 
more risk averse it is and therefore, large government owned oil companies are very risk averse.  However, unlike 
the US Gulf of Mexico, most oil producing countries have single monopolies owning and controlling their oil, 
suggesting that those national companies do not need to pursue economies of scale as quickly as large American 
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firms do in the United States since in these other oil producing countries there is no danger of losing oil leases to 
small players.   

In general, the difference between Stoner’s risky shift and alternative arguments for a cautious shift may 
have to do with how much money is on the line or in the case of generals how many lives are on the line.  Another 
interesting difference is that the decisions about risk in Stoner’s experiment are made in front of a group but 
decisions in business are often made in isolation away from a group and then revealed later only after the results 
are apparent.  Thus a business manager, unlike Stoners’ subjects, must choose in private risky decisions that affect 
corporate stock holders and the firms’ workers and that will be revealed only later.  Therefore, since a manager 
often makes decisions in private and since the decisions are only revealed after the results of the decision are 
apparent, and since bad outcomes will probably be presented as more horrifying than good outcomes are 
presented as euphoric, then this could lead to a cautious shift in decision making. 

However, if even free market businesses are cautious or their managers display a cautious shift, then why 
would oil production on the U.S. side of the Gulf of Mexico show an increase in production between 1990 and 
2002, whereas the Mexican side did not increase by much?  The answer is competition.  Competition within a 
region creates an alternative risk to deal with.  If you don’t find the oil someone else will and you will lose it.  
Once you do find the oil, most lease agreements require a firm to develop the lease or else the firm will loose the 
lease.   

This brings up the idea of monopoly national oil companies (MNOC), where an MNOC is not just any 
national oil company, it is a national oil company that does not face domestic competition—it is a monopoly 
within that country.  For example Brazil’s Petrobras, or Norway’s Stateoil are not actually MNOCs since they 
have to compete with other oil companies for new leases and wells at the margin.  Even if Petrobras is the major 
operator in over 90% of upstream Brazilian fields, still it is not an MNOC due to the Brazilian competitive free 
market at the margin.  A true MNOC faces absolutely no competition.  Based on the concept of MNOC’s, it is 
possible that OPEC members are very risk averse, which can explain Smith’s (2005) results for why 
compensating production changes occur less often than a 50-50 chance even during the 1974 to 1981 period when 
everyone was free to expand oil production at will and prices and proven reserves were high. 

Using the idea of a cautious shift, it can be implied that OPEC members, and even some non-OPEC 
members, are relatively more risk averse to changing production outputs.  In other words it is not OPEC’s 
production quotas that are difficult to change, as in a bureaucratic production syndicate, but rather it is the actual 
production capacity itself that is difficult to change due to fear of making a mistake.  Each OPEC member has 
difficulty changing its own capacity and output due to the MNOC’s own natural risk aversion to exploration and 
development rather than due to a cartel production cut back or even due to the high cost of running a bureaucratic 
production syndicate.  Thus the results of Smith could be due to a cautious shift.  Furthermore it could explain 
why OPEC members with MNOCs do not cheat more robustly and expand their oil production capacities even 
though under every conceivable economic model they should all be doing just that.  It also could explain why 
some non-OPEC members do not expand production.   

 
VI. Cautious decision making at the margin  

Adelman and Shaki show that most OPEC oil producers have low average oil development costs.  
However even though low average costs of development are important, what are even more important are the 
costs of oil supply expansions at the margin.  That is, the cost of expanding oil production at the margin can be 
quite high even if average costs are low.  Every oil and gas company including every MNOC must decide to 
explore, develop and produce oil one project at a time, and a big factor in determining costs at the margin is risk:  
what is the probability that this marginal project will be successful or not, will find oil or not?  Therefore each 
project’s risk must be judged in isolation.  It must then be compared to other risky or less risky investments for 
MNOCs and to social program investments, i.e. the marginal opportunity cost.  However the cost at the margin 
depends explicitly on expected results of activity at the margin and your view on how much risk is acceptable, 
rather than on accounting costs of capital and labor alone.  The subjective probability of the decision making 
operator, and how much weight you put on that probability, is the biggest factor that will determine whether the 
cost of each marginal project is low or high.  See Reynolds (2002).  But that means subjectivity on risk taking is 
an important ingredient for determining what a cost is. 
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Newendorp and Schuyler (2000) show how this decision making at the margin works.  Figure 6 shows a 

typical decision rule for a single oil exploration or development investment, i.e. a marginal project.   There are 
three curves.  One curve is the iso-utility curve of a relatively more risk averse entity.  The second curve is the 
iso-utility curve of a relatively more risk loving entity.  The third curve is the iso-capital constraint curve.  The 
capital constraint is based on the fact that at an given moment, a company has only so much capital available to 
work with, where that capital can be allocated to one high risk or one low risk investment at that point in time of 
the decision making process.  It is therefore possible to use more or less risk as an input into the production 
function to increase oil reserves, but the use of risk as an input into oil production is subject to the law of 
diminishing returns.  With a capital constraint, you can either commit to a risky exploration project with a high 
expected present value or to a safe project with a low expected present value, but you can’t commit to both.  The 
relatively more risk loving entity will use relatively more risk as an input into production in order to increase their 
oil investment expected value.  The opposite will happen for the relatively more risk averse entity. 

One interesting example of the risks of oil development has to do with oil field engineering itself.  For 
example it is possible to develop a particular oil field’s capacity above the so called maximum efficient rate 
(MER) in which case an oil field’s ultimate recoverable reserves can be destroyed due to over exploitation, such 
as too much water flooding.  See for example Nystad (1988 and 1987) and Salahor (1998).  Ultimately 
recoverable reserves and the net present value of the oil field can be reduced as the initial rate of production is 
pushed too high.  Therefore it can be risky to push oil production close to the MER.  Such managerial risks can 
cause MNOCs to reduce production below the profit maximizing output, and even cause oil production to seldom 
change.   

A more common risk is oil exploration or development itself, where new projects may turn out to be 
unsuccessful.  Consider for example two ways that an MNOC will finance its operations and how it will affect the 
people of that country. 

1.) An MNOC can finance new projects by using government revenue.  This implies that one or another 
government program will have to be cut, or taxes raised, or more of the existing profit margins be retained by the 
MNOC—a de facto revenue reduction—in order to secure the extra funds.  Therefore the people of the country 
are directly involved in the cost of the investment and will be upset at those cuts.  Even if the country gives the 
MNOC a budget for exploration and development, the budget will always be reviewed to determine how much is 
really necessary.  This leads to less risk taking in expanding the MNOC oil supply. 

2.) A second way for the MNOC to get financing is to engage in a joint venture or a production sharing 
agreement (PSA) contract with an outside international oil company (IOC) in order to start a new project.  In that 
case the IOC would come up with the financing, but there would have to be some sort of stipulation of a reward 
for taking the risk.  However even if the MNOC allows IOCs to enter the country and invest, there is still the risk 
that the outsiders will take too much of the profits of the new project away from the host country.  In that case the 
MNOC will want to negotiate hard to keep as much of the rent as possible for the MNOC while still giving the 
IOC just enough incentive to induce them to come.  Therefore negotiations with outside oil companies can also be 
risky: If the MNOC gives the outsider too much of a reward should the new project be successful, then the people 
of the country lose the profits from their oil.  On the other hand, if the MNOC gives the outsider too little reward, 
the outsider will not give the financing for a new project in which case the country loses a new source of revenue.  
All that negotiation takes time and reduces aggressive risk taking.  Therefore, the people of the country still face 
risks even when the financing comes from outsiders and the cautious shift still reduces new investments.  

In the two cases above it is a government agent that must decide how money for a risky venture will be 
acquired and invested.  But in both cases there is a risk that the country will lose money.  Bureaucrats who make 
decisions that involve creating a possible loss for their people in exchange for a possible future gain will be afraid 
to take any risky investment chances.  They must choose in private an outcome that will be revealed later, and 
they must bear possibly heavy criticism should it fail.  That will instigate a cautious shift.  The result is a lack of 
investment and a tendency to keep the status quo. 

Interestingly, because the MNOC is a monopoly it faces no competition from other oil companies for the 
countries undiscovered assets since it knows that if it does not find the oil, no one else will.  As Ramsey suggests, 
this leads to low rates of exploration and development.  This gives the country the luxury of knowing that a 
mistake of not finding or developing oil quickly enough will never be revealed.  The only mistake that will be 
revealed is if they have an unsuccessful and costly new project or if an IOC takes too much profit away from the 
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country.  Thus an MNOC, which has no chance of evaluating its success or failure vis-à-vis other oil companies 
within the country’s boundaries, will tend to under invest.  So all of the risk is derived from the cost of investment 
expenditures, or the loss of country asset profits to international companies, and not from the lack of new 
supplies.   

Looking closely at Venezuela’s production, we see that it was during the nationalization days in the 
1970’s and 1980’s that production went down, right when there were no quotas.  Then once quotas were placed 
on Venezuela in the 1990s production went up.  But it went up because of the PSA environment not due to 
anything OPEC was doing.  Then in the 2000’s production went down again just when nationalization was back 
in full swing.  So it was never OPEC but the institutions of Venezuela itself that changed its supply. 

 
VII. Internal and External Risk  

In addition to risk affecting normal internal decisions on production, risk can affect the interaction within 
OPEC.  OPEC members, who would normally be risk averse to exploration and development without the OPEC 
organization will become even more risk averse to exploration and production changes when faced with the 
consequences of their decision in a tit-for-tat game.  Therefore OPEC members, who are faced with the threat of a 
Saudi Arabian reprisal if they increase their oil production, may be even more afraid than normal to make any 
changes at all to their production outputs.  If Saudi Arabia is even weakly successful in implementing its tit-for-tat 
strategy, then this could scare other members into high levels of risk aversion in regard to new exploration and 
development.   

The cautious shift hypothesis therefore gives a possible scenario for the two different eras that both 
Loderer and Smith identify.  In the 1974 to 1981 era, there were no quotas and little risk of Saudi reprisals on 
OPEC members since Saudi Arabia’s oil production was at its maximum.  So OPEC members did not have to 
follow quotas or even price targets.  This means that the only risk to each producer was an “in-country” or internal 
risk of simply being afraid to take normal business risks to expand output.  After 1981 when production cuts 
started and eventually quotas were assigned, then there was both an internal risk of normal business risks of 
investing and an “outside-country” or external risk of a Saudi tit-for-tat reprisal against cheating as well as the 
possibility that quotas would be reassigned.  Faced with the new higher level of risk after 1981, this changed 
OPEC member behavior substantially enough to show different frequencies of compensating change. 

The external risk is then caused by two fears.  One fear is that if an OPEC member is having trouble 
maintaining its quota—i.e. its capacity is actually declining due to a lack of new investment into exploration and 
development due to risk aversion—then it fears that the rest of OPEC could impose a new tighter quota on that 
particular member for years to come even if the country eventually finds more oil.  The tighter quota would 
reduce future profits.  Therefore, even if an OPEC member has extra capacity to use, or that it can develop right 
now, it may refrain from creating that capacity lest their oil fields start going more quickly into decline, and that 
country eventually gets assigned a lower OPEC quota.  Therefore, the country refrains from aggressively 
expanding production now in order to not have its quota reduced later.  In fact, it could be the case that members 
are using the quota system as an excuse for not investing in new exploration and development to cover up their 
fear of investing in new capacity that is risky.  This gives each government a ready reason to maintain the status 
quo and not be taking risks of expanding output and producing more oil for the benefit of the people of their 
country. 

Another fear creating risk aversion in a quota system is that any change in output can trigger a reaction by 
Saudi Arabia to increase oil output and reduce oil prices.  This would reduce oil revenues as in a tit-for-tat game.  
Government bureaucrats could be afraid to aggressively engage in a capacity expanding tit-for-tat strategy.  The 
only reason to adjust your production then is if you can be sure to have a sizable increase in revenues before you 
go head to head with Saudi Arabia.  Although even in a tit-for-tat game, the loss, should the Saudis increase their 
own oil output and reduce your revenue, would probably be minimal since the Saudis would not want to sustain 
low prices for long.  The perception of the loss though may be great enough to create additional cautious behavior 
on the part of oil operators causing countries to keep output low.   

This also fits Smith data where Smith finds that the pre-quota frequencies of compensating change are 
higher than the quota era frequencies, both for monthly and quarterly observation and in relationship to other 
OPEC members and non-OPEC members.  However, Iraq’s behavior since 2002 where it was allowed to go 
above its quotas shows that it is acting more like a competitive producer rather than a country monopoly oil 
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producer.  This could be due to the lack of clear public ownership and control of the Iraqi national oil company 
during successive interim governments.  In the case of Iraq, the successive ruling governments have not been 
strong enough to affect the politics of oil outputs and investment.  Therefore, the national company working in 
Iraq is simply a competitive entity on the open market and has been divorced from the risk averse political 
machine that will soon enough be controlling it. 

Another thing that is out of the ordinary in Smith’s data is that Mexico, Russia, Norway, and the United 
Kingdom all exhibit OPEC like behavior at different times in that they have compensating changes in output vis-
à-vis the other non-OPEC producers of less than 50% of the time.  This signifies that they too are following some 
sort of production changing mechanism.  Note that Mexico, Norway, the United Kingdom and Russia have or 
have had MNOCs running their countries oil production.  That means their host governments had at times 
complete control of the oil production within their respective countries and their oil production could have been 
driven by risk aversion.   

 
VIII. Conclusion 

OPEC does not look to be a market manipulator.  Rather it looks to be a set of players where each 
member restricts its production due to its own intrinsic institutions that create risk aversion.  That means world 
energy supplies will be constrained by individual country institutions and the world should expect low oil supplies 
and high energy prices.  In Figures 7 and 8, I create a world quadratic Hubbert curve based on past events in the 
oil market.  Using a Richards (1959) function that Hubbert originally used, we can see why world oil production 
has peaked in 2005.   

Past world conventional oil production is plotted in Figures 7 and 8 versus cumulative production.  Two 
important points in time where oil price shocks occurred are the 1973 shock, when cumulative production was at 
roughly 350 billion barrels, and 1979, when cumulative production was at roughly 450 billion barrels.  The usual 
explanation for these price movements is that political events caused them.  An alternative explanation is that a 
risk averse Hubbert supply constraint caused them.  If a Richards function, such as QP = b1*CQP + b2*CQP1 + λ, 
where, -∞<  λ < ∞, is fitted to the two points in time and an ultimately recoverable reserve of around 3 trillion 
barrels is used, see USGS 2000, then 2005 is the only possible point of peak oil that fits the function.  The world 
is past peak oil. 
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Figure 7 
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