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1. INTRODUCTION

Externalities related to "energy security" may be one way in which the
full social costs of energy use diverge from the market prices of energy
commodities. Such divergences need to be included in reckoning the full costs
of different fuel cycles. In this paper we critically examine potential
externalities related to energy security and issues related to the measurement of

2these externalities, in the context of fuel cycle comparisons.

We begin by attempting to specify what is meant by an energy security
externality for the purposes of this study. Energy security can be defined in
various ways, but our primary focus is on
economic issues related to the behavior . ...... ...... ....... . .... .....of energy markets. We do not address
broader military, diplomatic, or foreign PW 4: notaddr'es&�.rod er�mt i ary
policy issues where economics and b d Vt
energy ae only a part (sometimes a 4Woh.afic or..
small part) of the bigger picture.' While
these non-economic issues may be vital . . .. ... ..... ...
concerns, they also are non-marginal.
Changes in individual fuel cycle
decisions will have little or no effect in the consequences or resolution of these
issues.

We seek to identify potential energy security costs associated with one
or more fuel cycles that are not reflected in current producer and consumer
prices and that may be avoidable by a different choice of fuel cycle (the
importance and avoidability of the costs are among the major issues to be
determined). In keeping with most of the literature on the subject, we consider
two broad sets of issues. The first concerns potential effects associated with

'Based largely on a working paper by D. Bohi and M. Toman.

2A companion paper (Bohi and Toman 1993) considers a wider range of issues at the national level.

'Nuclear proliferation and terrorism issues are thus excluded from our discussion.
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dependence on foreign energy (mainly petroleum) supplies. These issues
involve potential excess payments for imports, and indirect consequences of
imports for the economy as a whole. The second set concerns the effects on the
economy of fluctuations in energy costs. These fluctuations may derive from
disturbances in the world petroleum market or from other shocks of a local or
regional nature, such as component failures in the natural gas or electricity
delivery systems. In addition, we consider the intersection between energy and
market failures in the supply of research and development (R&D).

In this study we are not concerned directly with the effects of public
utility regulation, though some indirect effects of utility regulation may be
broadly similar to the energy security concerns outlined above. For example,
utilities may not provide socially preferred levels of service reliability across
customers because pricing regulation does not allow for "unbundled" pricing of
different reliability levels (Smeers 1991). The result may be unnecessary
disturbances in the flow of electrical energy and fluctuations in its cost. In
addition, regulatory imperfections could lead to insufficient long-term capacity
construction for gas or electricity delivery and result in unnecessarily scarce
supplies. However, while such regulatory shortcomings cause deadweight losses
in electricity markets, they are not energy security issues as that term normally

4is defined. Nevertheless, the consequences of unreliability in energy delivery
systems for the whole economy is an energy security issue, similar to the effects
of oil price shocks. Similarly, the distortions in the rest of the economy
resulting from inflexible electric utility prices can be thought of as an energy
security issue. The question remains, however, whether such concerns can be
addressed through the choice of fuel cycle. We return to these points
subsequently in the paper.

The next section of the paper briefly summarizes the history of instability
in the world oil market -- the focus of many energy security concerns -- over the
past two decades. The purpose of this discussion is to dispel some common
misunderstandings about what has happened that can influence judgments about
the existence and magnitude of any market failures. In the succeeding three
sections of the paper we turn to a critical review of potential energy security
externalities, examining both conceptual arguments and empirical evidence. We
consider spillovers related to import dependence, energy price variability, and
research on and development of new technology. The sixth and final section
briefly summarizes our conclusions.

'Moreover, they my well be endemic problems across fuel cycles that cannot be ameliorated by
altering fuel cycle decisions and that require nonmarginal (and difficult) changes in the whole structure of
utility regulation to be rectified.
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2. PAST EXPERIENCE IN THE WORLD OIL MARKET

The price of crude oil in the United States has been remarkably stable
over the past 100 years, as seen in Fig. 1, except for the period between 1973
and 1990. Disturbances in world oil markets during those years are associated
with five events: the 1973 "Arab Oil Embargo," the 1979 Iranian Revolution, the
start of hostilities between Iran and Iraq in 1980, the precipitous 1986 drop in
oil prices, and the 1990 invasion of Kuwait by Iraq. The first two events were
marked by rapid increases in the price. The third event was notable for the
absence of a price increase, the 1986 experience was a vivid example of a
negative price shock, and the 1990 war demonstrated that the oil market does
not always panic in a crisis. The discussion below provides a brief summary of
these episodes; further details can be found in the references cited.

The first oil supply disruption began with the outbreak of the Yom
Kippur War in October 1973. Later that month, Saudi Arabia and other Arab
states proclaimed an embargo on oil exports to the United States and the
Netherlands because of their support for Israel. Actual free world oil production
declined from 47.8 million barrels per day (MMbd) in September 1973 to 43.2
MMbd in November, a 96 percent decrease. In December the production cuts
were partially rescinded, and in mid-March of 1974 the Arab oil ministers agreed
to restore production to pre-October levels. As shown in Fig. 2 the spot price
of Arab Light oil on the Rotterdam market increased sharply in the first two
months of the disruption and then, as the disruption ended, leveled off at over
three times the pre-disruption price. What is most perplexing about these price
increases is that they occurred without much of a change in world oil supply.
As seen in Fig. 3 total OPEC and world crude oil supply increased in 1973, did
not decline much in 1974, yet the price rose by over threefold.'

Four years of nominal price stability followed the 1973-74 oil embargo,
while oil prices decreased significantly in real terms. The calm ended with the

6strike of Iranian oil workers in October 1978. Iranian production declined to
zero by late December as the revolution against the Shah unfolded. In the first
months of the revolution the oil price was not greatly affected (see Fig. 2)
because other countries (especially Saudi Arabia) increased production to make
up for the lost Iranian production. Indeed, total free world oil production was

'OPEC: Organization of the Petroleum Exporting Countries.

6The discussion which follows draws on Badger and Belgrave 1982), Mork 1982), Verleger 1982),
Bobi 1983), and Charles River Associates 1986).



Figure 1: U.S. Crude Oil Prices
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Figure 2: Official and Spot Oil Prices
Arab Light 1973-1974, 1978-1981
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Figure 3 World Crude Oil ProdUCtiOll
(Million Barrels pr Day)
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1.4 MMbd higher than in the fourth quarter of 1978 than in the third quarter.
However, petroleum product stocks held by refiners within the Organization for
Economic Cooperation and Development (OECD) were rapi y awn as
stocks were transferred downstream to distributors and consumers. In the first
quarter of 1979, Saudi Arabia limited its oil production and a significant
rebuilding of OECD product stocks began. By March 1979, when Iranian
production, resumed at a reduced level, the average cost of oil imported into the
U.S. was 12 percent above the October 1978 level.'

Prices and inventories continued to rise through 1979. By the end of
1979, average import costs had increased 98 percent above the October 1978
level. The price increase occurred despite the fact that actual OPEC (and world)
crude oil production increased in 1979 over 1978. The explanation for the price
increase is found on the demand side of the market (Bohi 1983). Fearing a
repeat of the episode in 1973-74, oil refiners, marketers, and distributors
increased their inventories of petroleum products in response to the revolution.
The increase in inventories reduced supplies available for consumption, created
a shortage, and resulted in a price shock that is usually blamed on OPEC
behavior rather than on demand.

Spot prices were especially volatile during 1978-79 as the volume of
transactions dried-up in what was a relatively thin market even under normal
conditions. In particular, there appeared to be little attempt t arbitrage gaps of
up to $20/bbl between spot and official prices. The lack of arbitrage reinforces
the belief that sales by OPEC members were made at effective pric .es greater
than official levels, and that average import costs provide a more accurate
indicator of true oil prices during this period.

The first nine months of 1980 were relatively calm: OPEC production
declined in gradual steps and final demand also fell, though stocks continued to
be built up at an unprecedented rate. Spot
prices of Arab Light declined, and the gap
between official prices and spot prices
narrowed (Fig. 2 In September 1980, war tp 'VeJncreasek��
broke out between -Iran and Iraq. By were: short4fived 4..
November, all oil exports from Iraq and a
portion of Iranian exports were halted,
leading to a total reduction of 36 MMbd

'The reported spot price rose 60 percent between these dates, while official government prices lagged
substantially behind spot values; in March 1979 they were only 7 percent above their October 1978 level.
During the 1970s reported prices are less accurate than the average cost of imports as a roxy for actual
prices.
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(from 59.5 to 55.9 MMbd) in free world production. As a result of this cut,
spot prices of Arab Light reached $40/bbl in mid-November, while official
prices increased only slightly to $32/bbl. The spot price increases were short-
lived, however, as they gradually decreased to their 1980 levels by May of 1981.

Although the reduction in OPEC exports was much greater in 1980
following the Iran-Iraq war than in 1978 after the revolution, there was no price
shock in 1980. The reason is that market conditions were much different by
1980 so that the war did not produce a panic on the demand side of the market
like that after the revolution. By the outset of the war, petroleum stocks were
well above normal levels and, because oil consumption was beginning to fall in
response to high prices, stockholders were trying to reduce their inventories.
However, the decline in stocks did not keep up with the decline in consumption,
so that spot prices fell below official prices by 1981. The overall experience
with OECD product inventories during 1978-1981 suggests that stockholders
seriously miscalculated the crisis, perhaps because of limited experience in
responding to oil price volatility. Stocks were accumulated when prices were
rising and released when prices were falling, indicating that stockholders were
suffering losses. Their behavior also served to destabilize the price, by making
the price spike higher than it needed to be.

The price collapse in early 1986 represents yet another curious twist in
the evolution of the oil market.' Prices were steady or declining during the four
years preceding the major drop in price, as non-OPEC supplies increased and
purchasers reacted to the previous price hikes by continuing to reduce
consumption. In March 1983, the first drop in the (nominal) official OPEC
selling price occurred. However, the $5.00 per barrel reduction was not enough,
as the members of OPEC would not strictly abide by their production quotas and
excess production continued to soften spot prices. As the volume of spot trading
grew substantially after 1980, the official price increasingly became just a
lagging indicator of spot values. During the four years prior to the price
collapse at the beginning of 1986 the real dollar price of oil dropped by roughly
40 percent.9

OPEC output began to increase in August 1985 at a rate 25 percent
above the level a year earlier, providing the first tangible event that triggered the
price collapse in January 1986. Saudi Arabia was responsible for the largest
share of the increase, although official production statistics are not considered
reliable during this period. The second tangible event preceding the collapse

'The paragraphs that follows draw on Gately 1986).

'The real cost to countries other than the U.S. dropped during this period less because of depreciation
of their currencies relative to the dollar (Huntington 1984; Gately 1986).
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was the switch to "netback" pricing by OPEC members in the last quarter of
1985. The official price was now set equal to a composite of spot prices for
refined products less the cost of refining and transportation. This move
relinquished official control of oil pricing to the market, in recognition of the
reality of market pressures and their inevitable effect on export prices. The
direction of the effect on crude oil prices at the beginning of 1986 was
predictable, even if the exact timing and duration were not. The spot price
dropped by roughly 50 percent, from $26/bbl to $13/bbl, in the first two months
of 1986, and dipped below $10/bb] by mid-1986 before recovering to around
$17/bbl in mid-1987 (see Fig. 4 From 1986 until August 1990, the oil price
level fluctuated in the 14-18 range.

The Iraqi invasion of Kuwait on August 2 1990 resulted in the
immediate reduction of 43 million barrels per day (MMbd) of crude oil
normally supplied to the world oil market from the two countries, or nearly 8
percent of OPEC exports and nearly IO percent of total world supply. The spot
price of crude oil in U.S. and world markets rose from 21 per barrel the day
before the invasion to 28 per barrel within a week afterward (an increase of 33
percent).

In the ensuing weeks, the price of oil fluctuated with changes in
expectations about war risks and with increases in production from other sources
(see Fig. 5). The crude oil price rose dramatically in the last week of
September, for example, in response to Saddam Hussein's threat to destroy
Kuwaiti and other Middle Eastern oil fields if war should begin. By the end of
November, oil production in Saudi Arabia and other countries had increased by
enough to offset the original 43 MMbd interruption in supply. Saudi Arabia
also announced plans for further production increases, including the development
of a newly discovered giant oil field, that were expected to raise Saudi output
an additional I MMbd by March 1, 1991. The crude oil price remained below
$30/bbl during December and January, until just before the start of allied air
strikes on January 16, 1991. The next day witnessed a record one-day drop in
spot oil prices, and within five days the price of most crude oil was below
$20/bbl.

The Iraqi War provided the first opportunity to observe oil futures market
behavior during a market crisis's It is of interest to note that throughout the
conflict, the futures market consistently discounted crude oil prices for future
delivery relative to spot prices. The price for delivery in one month was often
$1/bbl below today's price, the 2-month price was another dollar cheaper, the

'OThe New York Mercantile Exchange futures market did not begin significant trading in oil futures
until 1980.



Figure 4 Gasoline ad Imported CI-Lide Oil Prices T
Constant 1982-84) Dollars

70-

6 0 - ---------------------------------------------------- .................................................. ------------

50 - ---------------------------------------------------- Ft IT, d -I, I I r, 1- e i ...........................

PQ 4 0 ------------- --------- ........ ...............................

t� 3 0 ... . ........... ............. ........... .... ....

. ... ......................... .............. ......

.2 0 - ......................... ........ ................ ......... ....
d Crude Oil

I cn
CD

-T-

i973 1975 1977 1979 1981 1983 1985 1987 1989
Year

Smirce: nergy nformatiort Administration, Monthly Energy Review
(D
tA
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3-month price was cheaper still, and so on for 12-18 months into the future.
This pattern of price behavior indicates that the market regarded the effect of the
war to be temporary with no major impact on the long term level of prices. It
also indicated that traders with ongoing oil purchase requirements could
significantly reduce their costs relative to spot prices by buying forward. The
collapse of the oil price immediately after the start of hostilities is consistent
with the view that the crisis would soon end.

The war also gave us our first experience with the use of the Strategic
Petroleum Reserve (SPR). On September 6 President Bush responded to
growing pressures to sell SPR oil by ordering a one-time test sale of million
barrels from the reserve. The announcement not only failed to reduce oil prices,
prices actually rose the next day. Soon after the beginning of hostilities on
January 16, the U.S. proposed selling over 22 million barrels from the SPR
within one month. However, the rapid drop in oil prices after January 16
eliminated any interest in the sale.

3. POTENTIAL EXTERNALITIES RELATED TO ENERGY IMPORTS

As noted in the Introduction, we distinguish between two sources of
potential externalities: those related to changes in the quantity of oil imports,"
and those related to volatility in the price of energy. The first category,
discussed in this section, generally involves adjustments that occur over medium
to long periods of time, while the second category, discussed in the next section,
refers primarily to short-term adjustment problems. In this section we explain
why externalities involving oil imports may be present, summarize the
arguments concerning whether significant externalities exist, and examine
whether they are relevant for fuel cycle decisions.

Direct Cost of Oil Imports

In a perfectly competitive international market the price of a commodity
like oil is a complete measure of the worth of a transaction for individual actors.
The outflow of $1 of wealth in payments for oil gives rise to an inflow of oil
whose value to the buyer (including consumer surplus) is at least $1.

In a market where sellers exercise some market power, the price may lie
above the competitive ideal. It is often argued that this is the case in the oil

"Under current circumstances this issue primarily concerns foreign sellers of oil, since oil is by far the
most widely traded energy type. However, the scope of this issue could expand with an increase in world
gas trade through LNG or methanol fuel.
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market because of the actions of the OPEC. Nevertheless, the price of oil remains
a complete measure of the value for an individual purchaser whose actions do not
affect the world price: $1 worth of wealth outflow occurs only if the value of oil
purchased is at least $1.

The situation may be different if a buyer's decision may affect the market
price. If the market price is positively related to the total volume of purchases,
then an increase in purchases raises the cost of all imports." The effect on the
cost of inframarginal imports is not reflected in the market price.

The assumption here of a positive relationship between price and total
purchases is crucial. This assumption is reasonable if sellers behave competitively,
so that there is a well-defined aggregate supply schedule. However, it may not be
appropriate when sellers possess potential market power. The United States as a
whole may possess this kind of "monopsony" power in the world oil market, even
though individual buyers do not. If oil import demand could be coordinated it
might be possible to drive down the world price of oil, benefitting all oil users in
the U.S. (and elsewhere). In the absence of such coordination the effects of
individual oil users in driving up the prices paid by all might be viewed as an
externality.

Usually monopsony effects are thought to be only "pecuniary" externalities,
effects that redistribute rents but do not bear on market efficiency. Indeed, such
effects are ubiquitous in efficient markets where short-term or long-term scarcity
(increasing supply cost) causes a
bidding up of prices with etW . are...
increasing demand. When the rent tho hi t b C.UP o e:�� on v e.. uniarr
redistribution involves rent
transfers out of the purcha. c6pthat

Uxedisik' k renik:..country, the size of these wealth ... .. .. .. . ... .. ...
transfers may be a concern for
policyrnakers even if the market is
efficient from a global perspective. It does not necessarily follow, however, that
a potential monopsony position should be exploited. The U.S. eschews the
exercise of monopsony power in a number of international markets out of a belief
that it is in its best interest to do so. To argue for the exploitation of monopsony
in the world oil market, it is necessary to conclude that the policy decision can
affect world prices and that it will not provoke a retaliation by exporters which
would leave the U.S. worse off.

"See Bohi and Montgomery (I 982) for further exposition. The phenomenon can be simply illustrated
in mathematical tenns. Let Z denote the volume of imports, and let P(Z) denote the price. The effect of an
increase in imports on the total cost is given by d(PZ)/dZ = P(Z) + Z F(Z). The second term measures the
effect of the price increase on inframarginal imports.
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Should monopsony effects be included in fuel cycle evaluations?" They
are not relevant to individual local fuel cycle decisions because monopsony effects
operate only at a national scale. The petroleum purchases of an individual electric
utility are too small relative to the scale of world oil transactions to haveany
perceptible effect on world oil prices; for all intents and purposes, the individual
utility faces a perfectly elastic supply schedule for oil imports."

The question of whether monopsony effects should influence fuel cycle
evaluations at the national level is more complex. They cannot be addressed
directly in the absence of some
means for coordinating oil
demands at a national level, since
this is the only level at which n ep leum.purehases..4 an
monopsony effects are meaningful. indlvidual...� 0 :�U#W are:� o... . .. . ....... .
However, the national government tolhe: scak�6f���
could take concerns over oil ..... ....W0, d01!1�..::iransa&d6ns:.i6::have.
import costs into account in the #"�..percepdhk�)Or a MMOrlddesign of R&D policies, by U.
favoring research into fuel cycles . .........
(and other energy technologies)
that use energy sources other than
oil or that promote domestic oil supply. Presumably this approach would be
sufficiently indirect that the risk of retaliation by oil exporters would be small."

As we discuss further in a subsequent part of the paper, there is an
argument for government involvement in R&D generally on a variety of
grounds. In particular, R&D that curbs oil consumption may be one way to
reduce the cost imposed by any exercise of market power by petroleum

"it is important to recognize the narrowness of this question. Almost all debate over oil import policy
has been concerned with direct efforts to restrict imports (tariffs, quotas) or enhance domestic oil supplies (tax
inducements) at a national level (see Tornan 1991, Bohi and Torrian 1993, and references therein). At this
level of consideration, the capacity to influence world oil prices is at best one necessary condition for limiting
oil imports as we have noted above. Other factors that must be considered include: (i) do sellers exercise
market power, providing a justification for a strategic trade response (versus just acting to "beggar one's
neighbor); and (H) could sellers credibly retaliate to a trade limit (as opposed to causing themselves more
harm than good)? In Bohi and Tornan 1993) we argue that the degree market power actually exercised
by OPEC has been uncertain at best; and to the extent that OPEC possesses significant latent market power,
import limits risk galvanizing a retaliatory response.

4Even if an individual fuel cycle decision did have an effect on oil prices, so little of the benefit would
accrue to the individual decisionmaker that it would not be worthwhile for the individual decisionmaker to
incur the cost of curbing oil use.

"Nevertheless, it is at least conceivable that some strategic R&D could be subject to scrutiny as a non-
tariff barrier under the General Agreements on Tariffs and Trade (GATT).
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exporters. Reduced consumption diminishes the loss imposed by oil prices
above competitive levels, even if monopsony effects on the price of oil are not
that substantial. 16 In addition, R&D directed at all energy demands, not just
oil, may have salutary effects in limiting energy security costs associated with
energy price volatility (discussed below).

In fact, however, even at a national level the capacity of the U.S. to
influence world oil prices by curbing demand on imports is likely to be limited.
U.S. demand is only a fraction of world oil use (roughly 30 percent), and
imports are only a fraction of total U.S. oil demand (between 40 and 0
percent). Any drop in oil prices ftom a decline in U.S. demand will be partially
offset by increases in other countries' demands. Walls 1990) calculates that
any monopsony benefits from an incremental curbing of U.S. oil imports likely
are well under $1/bbl of imports. Even proponents of an active oil import
policy, like Broadman and Hogan 1986, 1988), attribute only about $2/bbl to
the "monopsony wedge."

Indirect Costs of Oil Imports

Even without the presence of monopsony power or the exercise of market
power by oil exporters, transfers of wealth for oil imports could have secondary
effects on the economy that are not reflected in the price of oil and constitute
a potential externality in the oil fuel cycle. The payments for oil imports have
an unfavorable effect on the U.S. merchandise trade balance, which could in turn
have a negative effect on the international exchange value of the dollar and on
the cost of all imported goods. It also has been argued that higher oil prices
could aggravate "structural" inflation that leads to adverse macroeconomic
consequences. Broadman and Hogan 1986, 1988) attribute a substantial
proportion of the total "import premium" they calculate to these effects. "

We note from the beginning that even if these effects constitute real
externalities and are significant in magnitude, they are not amenable to policy
responses at the level of individual fuel cycle decisions. Like the monopsony
issue, responses to exchange rate and inflation issues are meaningful only at the
national level because the impact of isolated decisions is negligible. Thus, the
discussion that follows is relevant only to fuel cycle evaluations at the national
level, such as for guiding R&D.

"As noted above, the degree of market power exercised by OPEC is uncertain.

7Broadman and Hogan's figures derive in turn from earlier estimates and judgments in Nordhaus
(1980) and Hogan 1981).
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The argument that higher oil prices translate into depreciation of the
dollar seems intuitively appealing. An increase in the price of oil means
(assuming oil demand is price-inelastic) that total payments for oil rise and
(assuming all other trade is fixed) the current account will move toward deficit.
A current account deficit leads to an overall balance of payments deficit
(assuming no change in capital flows) which in turn implies an excess supply
of dollars in foreign exchange markets. Consequently, the international value
of the dollar will fall and all U.S. imports will be more costly -- the U.S. must
export more goods to buy the same amount of imports. While this is a
pecuniary effect, it could be viewed as relevant to U.S. national welfare in the
same way that U.S. interests are related to monopsony power -- limits on U.S.
oil imports could curb the cost. However, while the argument may have appeal,
the necessary sequence of assumptions is not likely to hold.

The conclusion of two complementary analyses of the balance of
payments effects on prices, and the behavior of exchange rates after each oil
price shock, is that it is inappropriate to attribute an exchange rate externality
to oil imports. One analytical approach is concerned with real terms-of-trade
effects of higher oil prices, as in Marion and Svensson 1986). The terms of
trade refers to the amount of imports a given unit of exports will command in
the international market; thus, a rise in the price of oil means that the U.S. must
export more goods to buy the same amount of oil. Marion and Svensson
demonstrate that the terms-of-trade effect of higher oil prices can be positive or
negative for any individual oil importing country, depending on special
circumstances for each country."

The second analytical approach looks at the effect of oil prices on the
monetary exchange rate, as in the work of Krugman 1983). Like Marion and
Svensson, Krugman shows that the relationship between a country's exchange
rate (or, for that matter, its current account position) and the price of oil is
ambiguous in general. All oil importing countries will experience an initial
current account deficit when the price of oil rises, but the effect on exchange
rates among oil importing countries will depend, initially, on the willingness of
the oil exporting countries to hold different foreign currencies (that is, on
relative capital flows). If oil exporters prefer to hold more dollars than other
currencies, for example, the dollar exchange rate will rise. Over time, the

"Their analysis includes the counterintuitive result that those countries least able to adjust to higher oil
prices (because of rigidities in the way oil is used in their economy) will tend to experience the greatest
reductions in domestic output and, assuming other factors constant, will experience an improvement in their
terms of trade. This outcome is reached because a decline in home output relative to that of other countries
means that there is now a relative shortage of home country goods in world markets. The relative shortage
will cause an improvement in the home country's terms of trade. This is one way in which the terms of
trade may be inversely related to economic performance (the improvement in the terms of trade presumably
is of cold comfort to the country experiencing the deeper recession).
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exporting countries will spend their foreign currencies on goods or assets, and
the countries of preference for these expenditures will experience currency
appreciation.

A study of exchange rate behavior by Trehan 1986) finds only weak
empirical support for the view that higher oil prices lead to an appreciation of
the dollar. A more defensible conclusion, in view of the weak statistical results,
is that the price of oil is a poor predictor of the dollar exchange rate, either
positively or negatively. A look at the history of the dollar/SDR exchange rate
in Fig. 6 corroborates these findings. The SDR represents a composite of other
currencies. The SDR exchange rate with the dollar shows that the value of the
dollar is not harmed by oil price increases nor helped by oil price reductions.

We turn next to the question of the connection between oil prices and
inflation. Higher oil prices will no doubt raise alt prices somewhat, but unless
oil prices continue to rise there is no ongoing inflationary process in the long
term, only an increase in the price level (though that increase may be spread
over time). Similarly, a rise in oil prices will aggravate an inflationary process
that is already in motion, but higher oil prices are not the cause of that
inflationary process. The distinction between inflation and a rise in price, and
between cause and effect, is important in establishing whether higher oil prices
cause a need for a deflationary policy response.

To attribute an inflationary side effect to increases in oil prices, the
increase must be in the rate of growth of oil prices, not merely in the level of
oil prices. Our understanding of world
oil markets is not complete enough to
rule out the possibility of a boost in oil
price growth rates. However, a rise in ... any conn .ection between.
growth rates is inconsistent with the ��Vjj.prices and #�&&u�
predictions of resource supply theory and seems dubi6U& ..
with the record of actual oil prices.
Resource supply theory predicts that
increased producer market power will likely result in a rise in the initial price
level, and that the price thereafter will likely grow more slowly over time
compared to the price in a competitive market.'9 Actual oil prices exhibit
surprising little trend of any kind, as indicated by the history of crude oil prices
in the U.S. since 1889 shown in Fig. 1. The overall trend is flat over the past
100 years and, apart from temporary crises, the price has fluctuated on a fairly
narrow band of $10-$15 per barrel.

'9Bohi and Tornan 1984), Chapter .
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Another possibility is that an ongoing bout of inflation can result from
an overzealous monetary authority who is seeking to accommodate a rise in I
prices. The monetary authority could err in estimating what is required to adjust
to a higher level of oil prices, thereby setting in motion an inflationary spiral
that requires a deflationary jolt to the economy to stop. However, inflation
scenarios that rely on planning errors by the monetary authorities can be
triggered by any number of events, and to focus policy on the triggering event
rather than the cause of the problem seems misguided at best. Nor is there a
reasonable second-best argument for attaching an inflationary spillover cost to
oil prices, since the first-best alternative of educating the monetary authority is
feasible and more likely to avoid further costs than a policy aimed at oil prices
or imports. In short, any connection between oil prices and inflation seems
dubious and would reflect at most a policy failure not a market failure.

4. POTENTIAL EXTERNALITIES RELATED TO ENERGY
PRICE VARIABILITY

Externalities may arise from difficulties experienced by the domestic
economy in adjusting to rapid fluctuations in energy prices." Sudden changes
in energy prices could result from a variety of causes, including changes in
world petroleum markets and fluctuations in local energy delivery capabilities
(e.g., gas well freeze-ups, power station breakdowns, transmission system
failures). The effects could be local, regional, or national.

Among the possible causes of sudden increases in energy prices, the most
serious from a national perspective inevitably will involve a shift in world oil
supply or demand. Disruptions in oil markets represent the only event capable
of seriously taxing demand-supply balances in national and world energy
markets. Moreover, given substitution possibilities between petroleum and other
energy sources, oil price shocks are capable of causing a simultaneous disruption

2 in all energy markets.

Energy price shocks can have both long-term and short-term effects on
the economy, though only the short-term effects will likely involve externalities.
Long-term adjustments will take place in the amount of energy-related

2OAs discussed below, gradual changes in energy prices are unlikely to generate externalities because
private markets have the capability to adjust over time without serious efficiency problems.

"See Mork 1985) for discussion of how shocks in one energy market propagate on other energy
markets.
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investment and in the rate of innovation. These adjustments could have
22significant effects on the level of productivity and the economy over time.

These adjustment costs will be fully internalized in private decisions. Only in
limited circumstances is there a priori reason to believe the costs could be
avoided by correcting a market failure (such as that related to R&D, as
discussed below). Thus the following discussion of price-related externalities
deals exclusively with the problems of adjusting to a sudden change in energy

23prices.

The most important short-term adjustment problem concerns the
possibility that real wages will not adjust to maintain employment when energy
prices suddenly rise. A rise in energy prices will reduce the use of energy and
(when energy and labor services are complementary inputs in production) will
lower the marginal productivity of labor. Lower productivity implies an increase
in the cost of labor, which employers will seek to reduce. If wages cannot be
reduced (for institutional reasons such as periodic labor contracts), employers
have no choice but to reduce the amount of employment. The decline in
employment is an indirect effect of higher energy prices that lowers total output
of the economy.

A second possible indirect effect of an energy price shock is a reduction
in capital services because premature obsolescence of energy- using capital
stocks. A sudden increase in energy prices will make some energy-inefficient
capital goods superfluous, either because of competition with more efficient
capital goods or because the demand for more expensive energy-intensive end
products declines. A decline in capital services implies a reduction in
productive capability throughout the economy, and thus a reduction in potential
output.

Employment and output losses may be further aggravated by difficulties
in reallocating factors in response to changes in the mix of final demand brought
about by changes in product prices. For example, commodity price rigidities
could cause inefficient inventory accumulations in some sectors an. d unwanted
decumulations in others. Another source of commodity price rigidity is public
utility regulation in the natural gas and electricity industries. Since prices are
set administratively in these industries and will not easily adjust to changes in
market conditions, energy supplies will not necessarily flow to their highest
valued uses, and productivity can be adversely affected.

"See Jorgenson, Gollop, and Fraurneni 1987); Jorgenson 1988); and Hogan and Jorgenson 1991).

"See Bohi 1989) and references therein for further discussion of these issues.
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These macroeconomic adjustment problems are fundamentally different
in character from the problems associated with oil imports discussed above. The
problem of excess wealth transfer for imports depends on the level of energy
prices and the volume of energy i ports, whereas the macroeconomic
adjustment problems depend on the size of the change in energy prices and the
volume of energy consumption. In addition, the wealth transfer problem
operates at a fundamentally national scale, whereas the oil price adjustment
problems could vary significantly from region to region depending on the causes
of the disturbance, the flexibility of local energy production and consumption,
and the effects of energy prices on local labor markets and capital utilization.

We first examine the extent to which these macroeconomic effects may
be thought of as externalities. The conclusion is that some market failures may
be present, but it is difficult to distinguish between externalities and private
frictional adjustment problems that are accounted for in private market
decisionmaking. The empirical section that comes next looks at gross
macroeconomic effects of energy price shocks, since costs attributable to
externalities are impossible to distinguish from those that are internalized, and
concludes that even at a national level there is also considerable ambiguity in
ascertaining the gross effect of energy price shocks on the economy. It follows
that local effects are even less clear. Consequently, little can be said in practice

about the subset of gross macroeconomic costs that are attributable to market

failures and should be included in comparing the social costs of different fuel

cycles.

Distinguishing Externalities

To what extent can macroeconomic effects of energy price shocks as
described above be thought of as externalities relevant to fuel cycle

comparisons? To address this question we must distinguish two types of

reductions in economic activity that might result from an energy price increase.

The first type of reduction, which is not an externality, occurs because more
resources are required to pay for energy. Part of this direct resource cost is the
income transfer abroad to pay for energy imports and part is the diversion of
resources away from other economic activities and into domestic production of

energy. These effects occur because of private sector responses to changes in

energy prices, so they represent costs that are internalized in private

decisions."

"The income transfer abroad could include monopoly profits if OPEC exercises its market power, in
which case these excessive profits constitute an external cost. However, these external costs, to the extent
they occur and can be identified, are already included above in connection with the quantity of imports and
should not be counted again here.
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As noted previously, national income may drop below the level that
would obtain in a perfectly frictionless economy if the energy price shock results

21in uemployment of labor and capital. Some of these effects represent
relatively clear cases of imperfection in factor market adjustment that would be
lessened with less exposure to energy price volatility. 16 In other cases factor
markets may be operating as well as possible given real-world institutional
constraints, but adjustment problems still can be ameliorated by some outside
policy action. In either case we can say that an externality exists to the extent
that the parties to the labor and capital transactions themselves cannot fully avail
themselves of means to anticipate and respond to the energy price shocks.
Conversely, to the extent that the costs are anticipated and coped with, the
effects of energy price instability are internalized.

To illustrate the various distinctions among effects of energy price
volatility, an increase in labor unemployment after an energy price shock may
at least partly reflect the existence of institutions like union contracts that
encompass a degree of wage rigidity not suited to an environment of energy
price variability. Individual workers as well as employers might prefer more
flexible arrangements, but, in practice are unable to achieve them. In this case,
an energy price shock triggers a failure in the market for labor services and
induces unemployment. The resulting increase in unemployment after an energy

21price shock reflects a market failure.

Some rigidities may reflect labor contracting practices that are efficient
ex ante, given real-world informational and institutional constraints. In
particular, downward real wage adjustments after an energy price shock may
reduce labor productivity, because lower wages cause the average quality of the
workforce to decline. This can happen because the -best workers quit and the

21cost of being caught shirking declines. In this case, wage rigidity reflects
institutional arrangements in the labor market that represent the best choice
among currently available methods for structuring labor services transactions.

'51n addition to effects reflecting relative factor prices, some authors would include short-term
Keynesian contractionary effects resulting from the failure of energy exporters to respend their proceeds
(see e.g., Pindyck 1980, Solow 1980). However, e view these effects as far more debatable and do not
include them here.

"We emphasize lessened exposure to energy price volatility because that is the main effect of fuel cycle
decisions. Other policies at the national scale, like the Strategic Petroleum Reserve, can alter the volatility
of prices that is experienced. See Toman 1991) and Bohi and Toman 1993) for discussions of these
measures.

"Unemployment shock also can result from sticky commodity prices in monopolistically competitive
product markets. Sticky commodity prices magnify the burden of adjustment on output quantities and thus
on employment when energy price shocks change relative costs of production.

"For an excellent survey of alternative explanations of wage and price rigidity and unemployment,
along with copious references, see Mankiw 1990); see also Blinder 1991) on price rigidity.
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Nevertheless, a choice of fuel cycle with less volatile costs could imply less of
an adjustment burden due to wage rigidity, so the effects of the rigidity would
remain relevant for fuel cycle comparisons.

Problems of identifying externalities also arise in analyzing a decrease
in capital services from accelerated obsolescence of energy-intensive capital after
an energy price jump. Private agents who anticipate the risk of future energy
price shocks wl have an economic incentive to hedge by adopting less energy-
intensive technologies, or technologies which allow greater short-term flexibility
in substituting away from energy inputs (see, e.g., Bohi and Montgomery 1982,
Chapter 4 and references therein). Hedging also can be accomplished by
expanding energy storage capability so that energy can be purchased at lower
cost for use during a disturbance.

Even with these private hedging activities, society may experience
adjustment costs from decreased capital utilization after an energy price shock.
Hedging opportunities will not work per.ectly, even under the best of
circumstances. Private agents will not have perfect foresight of energy changes.
Nor will capital be perfectly malleable across sectors and uses, even with
investments in flexibility. Again, fuel cycles with less volatile costs might
lessen the difficulties. At issue here is the extent of the market failures which
impede the hedging process, and their relevance to fuel cycle comparisons.

One possibility is the existence of substantial, systematic price forecasting
errors that bias private actors away from efficient investments. No doubt there
have been episodes of significant forecasting error in the past, notably in the
response of U.S. refiners to price signals in late 1978 and early 1979 during the
Iranian Revolution (Bohi 1983). However, pricing efficiency in petroleum
markets -- the degree to which prices embody relevant information about market
conditions -- seems to have increased (Green and Mork 1991). The literature
does not provide strong support for the existence of systematic problems in
forecasting energy prices. Even if such errors could be identified, it is
problematic that government intervention (other than its current activities in
publishing energy statistics) could improve upon the situation." Moreover,
forecasting error will plague the evaluation of all fuel cycles at least somewhat.

Another, possibility is the existence of scale economies in energy storage
which result in less than the socially efficient amount of storage being
undertaken. This is one of the justifications for government investment in the
Strategic Petroleum Reserve. An additional justification stems from the notion

21 Since gas and electricity prices are subj1ect to federal and state regulation, one source of price
unpredictability is changes in regulation. While stability of the regulatory environment is useful for holding
down adjustment costs, there often are compelling arguments for regulatory change to mitigate current
inefficiencies.
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that the private rate of discount exceeds the social rate because of tax distortions,
barriers to risk-pooling, and other factors (Lind 1982). A high private discount
rate will lead to less oil storage and will discriminate against more capital-
intensive, less energy-intensive production technologies if capital and energy are
substitutes, or against capital expenditures that promote energy flexibility.
Unfortunately, however, the degree of capital-energy substitutability remains a
matter of dispute.

Our definition of externalities includes adjustment costs in the rest of the
economy resulting from the pricing of services provided by public utilities, where
regulation generally impedes adjustment of commodity prices to changing market
conditions. Because of regulation, an increase in oil prices will not lead to
efficient adjustments in natural gas and electricity prices. These price rigidities
in turn may cause adjustment problems throughout the economy's

While distortions in gas and electricity markets from economic regulation
may be endemic, society has not yet developed practical alternatives to current
forms of regulation that will simultaneously constrain market power and allow
regulated prices to adjust the changes in market conditions. Nevertheless, energy
policies Day be able to ameliorate the consequences of output price rigidities in
utility markets, and the spillover effects of these rigidities to labor and capital
employment, by helping to reduce input price variability or enhance adaptability.
Thus, from the standpoint of energy security we would view spillover effects of
commodity price rigidity in utility markets no differently than other commodity
price rigidities.

To summarize, there are ..... ..... ..
plausible theoretical arguments for them arep ausi . ei��:
the existence of externalities from 66 ti ..amumen �ffirth
energy price volatility that may be

exis ce.. ftom�.relevant to fuel cycle decisions. . . . . . .... .. ... .......... .. ..
en Pr1ce:xo1qft11(P hat may...However, theory also reveals

ambiguities in calculating the costs
of volatility based on the causes of 'd�&hibns. ���:M wevp��Iheq6�
rigid adjustment and the degree to 0:ql Teveals.,amb'Mul tesin
which volatility of energy prices is vaeudin the costs
accommodated ex ante. These
ambiguities are compounded in
empirical analyses of volatility costs, to which we turn next.

3ONote that automatic fuel adjustment clauses avoid this problem, but they also give rise to moral hazard
problems in cost-minimization by utilities Baron and DeBondt 1979), Isaac 1982).
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Empirical Findings

Empirical studies of the macroeconomic effects of energy price shocks
do not try to distinguish between internalized and externalized costs. The best
that we can do, therefore, is to try to assess the importance of the gross
macroeconomic costs of energy price shocks and draw inferences about the
empirical significance of the externality component.

Perhaps surprisingly, the evidence about the gross costs at the national
level is mixed. The coincidence of timing of the two oil price increases and two
recessions during the 1970's leads many observers to believe that the effects of
energy price shocks on the economy are large." This view is best represented
by an extensive simulation analysis conducted by the Energy Modeling Forum
and published in Hickman, Huntington, and Sweeney 1987)." The study
compares estimates of the effects of various oil shock scenarios on U.S. GNP
calculated by a group of 14 macroeconometric models, including standard large-
scale models used by forecasting and consulting companies. While there is
considerable variation among the findings among individual models, there is a

33consensus that the calculated GNP losses are substantial.

The authors of the EMF study take pains to enumerate caveats which
must be considered when interpreting. their results. They indicate that the
individual model results vary significantly because of differences among the
models with respect to the relationship between GNP and the overall price level,
and with respect to the link between oil prices and the general price level.
Nevertheless, most of the models have the same basic mechanism for the
transmission of energy shocks. Increased energy costs cause firms to increase
their price arkups, and higher prices depress aggregate spending. The
reduction in aggregate spending reduces the demand for labor, but wages cannot
fall fast enough to trim labor costs in line with reduced demand. Consequently,
employment declines.

The main source of skepticism about the results of these models is that
the equations of the models employ parameters estimated from limited
experience with price shocks over the 1950 to 1980 period. During this period
real oil prices were stable or falling except for the two brief explosions during

3'Reports by DOE 1987, 1988) reinforce this view.

32U. S. Department of Energy 1988) also estimates large macroeconomic costs due to energy price
shocks.

3'Broadman and Hogan 1986, 1988) also calculate a macroeconomic disturbance premium equal to 10-
12 percent of the non-nal-market oil price, though the basis fr their calculation is different and they
mistakenly attribute the premium to oil imports rather than to total oil consumption.
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the 1970's. Thus, the conclusions of the models regarding the relationship
between oil price increases and GNP will be determined by the experience with
the two recessions that followed the 1970's price shocks, although this
experience may not be representative of the true energy-economy relationship.
As noted below, the recessions experienced in some countries could be
explained by factors other than energy prices, such as differences in
macroeconomic stabilization policies. It is possible, in other words, that the
econometric models are confusing the effects of deflationary macroeconomic
policies with those of changes in oil prices.

Another reason for skepticism in blaming energy prices for the recessions
of the 1970's is that the price collapse of 1986 did not cause an economic boom
in the U.S. and other industry countries (see Fig. 7 The absence of a positive
boost to GNP in the major industrial
countries suggests again that the experience
of the 1970's gives a misleading impression

IsMjn.of the energy-economy relationship. ... �4KMIC

Additional corroboration is provided by blamingr enieW� rices�-��
comparing the conclusions of Hamilton the:recessionk��
(I 983) with Mork (I 989). Hamilton looks at
correlations between energy prices and GNP
before 1981 and concludes that higher energy prices cause recessions, while
Mork finds that the same statistical methods applied to data extended through
1986 give a different impression.

Doubts about the meaningfulness of statistical results based on aggregate
economic variables led Bohi 1989, 1991) to examine disaggregated industry
data for the U.S., Germany, Japan, and the UK for explanations of the
experiences of these countries during the 1973-1974 and 1979-1980 shocks.
The results of this analysis suggest that energy prices may have had little to do
with the macroeconomic problems of the 1970's. To begin with, one might
expect more similarity in the way different sectors of the economy were
affected, both across the two recessions and across the four countries, if the
common cause was energy prices. Within each country, the industries hit
hardest are quite dissimilar from one recession to the next and, and for each
recession, the industries hit hardest are dissimilar across the four countries.

Another set of statistical tests examined the relative economic
performance of different sectors to see if the effects of the shocks are more
pronounced among the more energy-intensive sectors. The tests reveal no
significant negative correlations between energy intensity and changes in output,
employment, or capital formation for any of the four countries. Nor does the
evidence suggest that adjustment costs caused by changes in the composition of
final demand are more severe in energy-intensive sectors. Finally, in contrast
with the rigid wages argument, changes in real wages appear to vary negatively
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Figure 7
ANNUAL PERCENTAGE CHANGES IN OUTPUT AND EMPLOYMENT
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with energy intensity in the two shock periods, suggesting that wages were more
responsive in labor markets where unemployment has been more serious.

These and other findings suggest that one should look to factors other than
energy prices to explain the macroeconomic failures during the 970's. The
alternative hypothesis suggested in Bohi 1989) is that the industrialized countries
were already combatting inflation when the oil price shocks hit and, except for
Japan in 1979, further deflated their respective economies to mitigate increases in
their general price levels. Given that Japan was the only industrial country to
avoid a recession after the 1979 oil shock, it is plausible that the monetary
authorities rather than energy prices are to blame for the recessions.

In empirical analyses of the recessions it is of course difficult to separate
the influences of the monetary authorities from those of oil prices, and research
to date fails to make a credible distinction." A great deal more study is required
before we can begin to understand the nature of energy-economy interactions at
the national and regional levels. If nothing definitive can be said about the gross
economic costs of energy price shocks, it follows that even less can be said about
the magnitude of any embedded externalities that are relevant for comparing fuel
cycles at a local or national level.

5. POTENTIAL EXTERNALITIES RELATED TO R&D

Most economists would agree that market signals alone do not generate a
socially efficient level of investment in research for acquiring basic knowledge for
the development of new technologies. The basic problem is that information has
attributes of a public good, with benefits to many other agents beyond those who
bear the costs of information acquisition (notwithstanding institutions such as
patents and copyrights). Since those who bear the costs of information acquisition
generally cannot appropriate all the benefits, too little information acquisition is
undertaken (Comes and Sandler 1986).

The above argument applies . . P! . .. . � � ::.. ..... . .... . .... .. ..... . .. ... ........ . .. ..... ..
to energy-related research in MV.Sec
general, just as it does to research .... .. ... .. ... . ... ..... ......1 :Hacienda ftkk�vmvl es:and.A&D. 'd
in other areas. There are, . .. .. .. .... ... ..
however, specific aspects Of
energy security which intersect rd: 7w 0:�:... .... . . .... . ......... .. .. .. ........ .... .. C tv,.. . . .. ......... .. ..........with R&D externalities. As 1, , , ... ...... .. .. ... ...... .. . .... .. .. . . .. ..... ..

........ .... ......... :7 . ......... ...... ...... ..
... ....... . ........... .... ....... .. ..... . ............previously noted, research and ....... .......

"For example, on this issue compare Hickman, Huntington, and Sweeney (I 987), Sachs (I 982), Bruno
(1996), and Helliwell 1988).
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development of cost-effective alternative energy sources and less energy-intensive
technologies may be the strongest tools over the longer term for countering any
market power exerted by energy exporters. Enhanced energy conservation and
flexibility in energy storage provide means for mitigating any adjustment costs
associated with energy price shocks. Thus the presence of both energy security
externalities and R&D externalities provides strong support for a government role
in supporting R&D activities, including R&D related to fuel cycles, even though
the importance of the energy security spillovers remains unresolved. If the
spillovers are important, the most effective government support should aim to
increase the elasticities of supply and demand for oil by expanding the range of
substitutes on both sides of the market.

The government has already responded to the public good argument with
considerable support for energy R&D. In view of this effort, together with the
contribution of existing patent and copyright laws, it is conceivable that the R&D
externality has already been adequately addressed in the design of Federal
policy." Indeed, we have little basis for saying whether the level of effort is
deficient or excessive.

6. CONCLUDING REMARKS

We have examined the potential externalities associated with the volume
and price of oil imports, with variability in the price of oil, and with the private
incentives for R&D that may be relevant to fuel cycle comparisons. Any
spillovers related to the volume and price of oil imports are irrelevant to
incremental fuel cycle decisions because taken individually these decisions may
have a nonnegligible effect on the price. Collectively, however, these decisions
may not have a negligible effect, which may justify national policy aimed at
coordinating or guiding individual decisions. Nonetheless this reasoning provides
only weak guidance for national policy regarding fuel cycles."

With regard to variability in the price of energy, there is a plausible
conceptual argument for the existence of externalities at local and national levels,
especially associated with institutional and technological constraints on wage and
price flexibility. However, it is difficult in practice to identify the extent of any

"The cost of the commitment is borne by tax payers, so it may not be adequately internalized into price
signals considered by energy consumers. However, an empirical assessment of the cost of this commitment
is unavailable at this juncture.

"We emphasize again that we have not addressed the full range of issues related to national import
policies in this paper; see Bohi and Tornan 1993). For a sharply contrasting view of the social costs of oil
imports, see Greene and Leiby 1993).
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externality relative to internalized adjustment costs. The empirical literature
provides no information on the magnitude of the externality, and even wide
disagreement about the magnitude of the gross adjustment costs. Finally, there is
an unambiguous energy R&D externality, that is in part related to energy security,
but the magnitude of any uninternalized residual is unknown. In short, there is not
enough solid empirical information on R&D externalities to give an informed
policy recommendation (other than to invest in economic research that will help
resolve some of the ambiguities identified here).
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