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caused by the crude oil market than by those caused by the
international financial markets. Substitution of the
relatively less expensive domestic crude oil for higher
priced foreign product, has served to reduce the effects
of their depreciating currency on the British economic
health.

For a country like Italy, that imports its crude oil
inputs and exports products, the total exchange rate
elasticity and dollar price elasticity are almost equal,
at about -.14. This implies the domestic refinery
industry reacts in a similar fashion to any change in
domestic crude oil prices, not differentiating between
causes. Given the poor condition of the Italian refinery
industry, these results are not surprising. At fifty
percent distillation utilization rates, the industry is
sensitive to all changes in crude o0il prices as it tries
to increase profitability. Once it returns to a higher
utilization rate, these results should more closely
approximate the other scenarios. The Italian government
should work toward accelerating the industry's recovery by
allowing it to close excess capacity and allowing domestic
product prices to better reflect the interactions of each

market.

6.3 Refinery Flexibility
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The importance of a country's refinery flexibility is
represented by the wide variety of results found in the
three models tested. Figure 6.1 shows the different
levels of refinery flexibility attained by each country
analyzed. West Germany's refinery flexibility was high
relative to the other countries early in the period. The
United Kingdom has the lowest refinery flexibility. This
is because it is vertically integrated with its own crude
0il production and exports most of its excess products.
The refineries are able to supply products at a relatively
lower cost than comparably more complex refineries, and,
can thereby compete better in the domestic and
international product markets. Italian refinery
flexibility is primarily caused by the industry's excess
capacity and indicates the local industry is adjusting its
production to meet local and foreign needs.

Table 6.2 summarizes the refinery flexibility
coefficients from each of the stochastic equations for
each country. The results are strong and consistent.
With the exception of the United Kingaom's product import
equation, all the coefficients' signs are negative.

In the crude oil inflow equation, refinery
flexibility shows how the capital structure of the
national refineries and technologies can substitute for

crude o0il inflows. As the refinery industries become more
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Table 6:2: Refinery Flexibility Coefficient By Country

And Equation

Crude 0il Product Substitution
Inflows Imports of Inflows
Germany1 - 2.08 + 1,77 - 4.27
Italy - 1,22 + 6.20 - 15.18
United Kingdom - 1.98 - 3.34 - 2.40
1. Germany's flexibility elasticity with

respect to crude oil inflows is the original
model specification. Since its wvalue was
close to the adjusted product imports equation,
it is reported for completeness sake.
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flexible, they use less crude oil to produce the demanded
level of products. Germany and the United Kingdom have
the most sensitive refining industries, with an elasticity
of close to -2.0 for each country. Both nations have a
highly sophisticated refinery industry, but their capital
structures are quite different. This caused the industry
to respond to the changing demand in different ways.

Germany's refinery industry achieved a 1.2 level of
flexibility by the first quarter of 1983. It produces
products strictly for domestic consumption and must
maximize returns within the constraint of domestic sales.
The United Kingdom's refinery industry is relatively
simple with a maximum refinery flexibility of 1.12
occurring in 1985. It refines domestic crude oil and
undertakes contract refining for other countries. The
reliance on product exports allows the industry to respond
to its domestic needs without having to adjust downstream
production very much or altering the natural product
slate. Instead, it can sell higher wvalued products to
foreign markets while supplying its local needs. Refinery
flexibility has increased only to the level of necessary
to achieve a higher return.

Italy's refinery flexibility has a -1.22 elasticity,
falling between the other two countries. The reason for

the lower elasticity is not obvious, but can also be



244

traced to the changing structure of the Italian refinery
industry and the country's reliance on selling its excess
products to foreign markets, without a guaranteed crude
0il supply. The Italian refineries have increased their
flexibility to 1.16 occurring in 1985.

Refinery flexibility in the product import equation
shows how the refinery industry can adjust its operation
to minimize product imports. In both Germany and Italy,
there are direct relationships between flexibility and
product imports, with coefficients of 1.77 and 6.20,
respectively. As countries that import crude oil, one
would expect these industries to substitute lower cost
petroleum feedstock for the relatively more expensive
crude o0il input?. The magnitude of Italy's coefficient is
questionable and probably reflects the increased imports
of residual fuel o0il for electric generation. Given the
overall problems with the Italian equation, the

coefficient should be lower but with the same sign3.

2. There is no a priori reason to believe the sign would
be negative or positive. During the period of analysis,
the price of residual o0il or reduced crude oil was much
cheaper than that of crude o0il. Had feedstock been more
expensive, a cheaper crude oil would have been substituted
and the sign would have been positive.

3. Since Germany's residual fuel oil import data does
not separate imports between residual fuel ~o0il for
refinery feedstock and consumption, the coefficient may be
biased upward.
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The United Kingdom's coefficient for the product
import equation is negative 3.36. The negative sign is
expected for an oil-exporting country when the refinery
industry substitutes more domestically produced crude oil
for petroleum feedstock. Like other countries, trade
pressures cause the refineries to minimize the use of
imported feedstock and increase the use of lower quality,
domestically produced crude oils and refinery co-products.
Europe's switch to a light product slate allows British
refineries to increase ©production of higher values
products, like gasolines and naphthas, and less lower
valued products 1like residual fuel oil. This makes them
even more competitive in some markets.

In the petroleum flow 1link equation, refinery
flexibility is a static measure of technical change in the
refinery industry as it adjusts to changes in the total
production function. In a sense, it can be viewed as the
measure of the optimal points on the expansion path of the
industry's isoquant curves as they shift inward due to
technical change. The coefficients for Germany, Italy, and
the United Kingdom are -4.27, -15.18, and -2.40,
respectively, indicating flexibility has the overall
effect of decreasing refinery inputs relative to product
imports. The West German coefficient reflects the

increase in downstream capacity that allows the refineries
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to produce crude o0il and feedstock. Italy's large
coefficient, =-15.18, is ~caused by flexibility being
largely achieved by large amounts of excess capacity. The
poor state of the 1Italian refinery industry and its
structural changes have caused the Italian economy to
adjust between crude o0il and imported products, consuming
the least cost alternative.

For Germany and Italy, the negative sign follows from
the two ©previous equations where an increase in
flexibility decreases crude o0il imports and increases
product imports. For the United Kingdom, the negative
sign indicates that an increase in flexibility causes a
greater decrease in crude oil inflows than in product
imports. The low United Kingdom coefficient reflects the
vertical integration of the British petroleum industry.
Unlike West Germany, the British refinery industry is
evolving to more efficiently refine locally produced high-
quality crude oil. Increased flexibility has been slow to
arrive because refineries where able to supply national
demand in most markets without investihg in new downstream
processing units. The effect on product imports becomes
more of a secondary one, as imports are used only to
fulfill demand when the domestic refinery industry cannot

produce.
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As a measure of refinery activity, the refinery
flexibility index developed here is robust and
significant. Under the three different types of models,
FLEX consistently measured the influence of changes in the
refinery industry on the flow of petroleum. While the
current measure could be modified slightly to incorporate

capacity changes, it performs well.

6.4 Results of the Type of Petroleum Flow

Part of what differentiates this model from most of
the others is that it directly estimates the effect of
market changes on both crude o0il and petroleum product
flows. In the aggregate, the world consumption of
products - by weight - must equal its crude oil inputs
(adjusted for gains and 1losses during the production
process), but this need not apply to an individual
country. Domestic petroleum consumption is based on the
nation's aggregate production function and local product
prices. Crude o0il imports occur as the 1local refinery
industry tries to optimize its returns by selling
petroleum products to domestic and foreign consumers.
Crude o0il imports can be larger or smaller than domestic
product consumption if the country imports or exports
petroleum products. Petroleum products are imported to

fulfill demand that is not supplied by the local refinery
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industry. The effect of each type of petroleum flow on
the other depends on the structure of the domestic
petroleum industry, its pricing mechanism, and the
relationship between crude o0il and product prices.

For countries totally dependent on crude oil imports
for domestic petroleum consumption, product imports
generally will have an inverse effect on crude o0il demand.
As more products are imported, 1less crude oil will be
demanded. While the significance of the product market
was strong in West Germany, this was not the case for
Italy. With Italy's refinery industry operating at fifty
percent capacity, product imports were insignificant.
This result is reflective of the problems associated with
the overall Italian model. As conditions in the 1local
refinery industry improve, product imports will be more
important. The results for Britain are not as clear.
Product imports had virtually no effect on crude oil
inflows. Since the wvariable's coefficient is low and the
t-statistic insignificant, it is hard to tell how product
imports influence crude oil inflows, given the model's
current specification.

In the product mapket equations, crude oil inflows
also have a strong inverse effect on foreign product
demand. The degree to which product flows are affected by

crude o0il imports varies depending on the condition of the
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country's refinery industry and the competitiveness of the
product markets. Product flows are affected the least in
West Germany where one unit of crude o0il inflows decreases
product imports by 1.3 units. The United Kingdom had the
highest degree of substitution, 2.5 units, reflecting the
rapid substitution of British crude o0il for foreign
products. Italy's results are questionable. Crude oil
imports coefficient was 1.6, but had the wrong sign and
was insignificant. Again, this was probably caused by low
refinery wutilization rates and the dynamics of the

nation's product markets.

6.5 Model Extensions

The model developed and tested in this study provides
a simplified, yet —robust, overview of a country's
petroleum industry and its flows. As a macro approach it
predicts quite well. Like all models, it can be improved
to reflect the purpose of the study. The following are
four suggestions for extending the model.

First, and most important for the predictive capacity
and robustness of the model, a petroleum products trade
flow component should be incorporated. By using West
Germany as a product and crude oil sink and the Rotterdam
spot price as a measure of product and crude oil's

marginal cost, it would be possible to determine the
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optimal international product and crude o0il flows. As the
dollar exchange rate fluctuates, the relative change in
demand for each product and crude o0il could be traced
through the system. In the case of Germany, one would
expect its strong currency would show an increase in crude
0il from the Middle East and product from Italy and Spain
(which has a depreciating curreny)?.

This extension in the model would also improve the
model's ability to show the competitiveness of the
domestic refinery industry in supplying the different
products and the most efficient import/export trade
patterns. Once the refinery industry's ability to supply
products is modeled, then the model could be used to see
how the refinery industry will expand (or contract) to
better meet demand. The problem associated with this
suggestion is the increased data and modeling requirement
for each country.

Second, the model should be extended to test the
long-run effects of separating the domestic crude oil
price into dollar price and dollar exchange rates.
Economic theory suggests that the two effects should
converge in the long-run as the country has time to absorb

the variations. The assumptions behind the theory used to

4, A Dbilateral exchange rate module may be needed to
more completely measure the relative changes in trade.
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develop the current model is that the markets will always
return to equilibrium. The continued pricing of crude oil
in dollars and the great volatility of the exchange rate
markets may not allow the markets to achieve this moving
equilibrium. By including real prices and an adjustment
process, the model could be extended to see if convergence
occurs.

Third, the model could be expanded to incorporate the
petroleum, particularly crude o0il, supply side. This
would expand the model's ability to measure the effect of
dollar exchange rates on both sides of the crude o0il
market and allow crude oil producers to better test the
effects of their pricing policies on market behavior. A
more general equilibrium model would also allow producers
and consumers to test the effect of European economic
unification in 1992.

Fourth, a model should be developed that addresses
the effect of crude o0il and exchange rate futures markets
on the optimal behavior of the refinery industry. While
this is not a direct extension of the current model, it is
an important issue faced by each nation's refinery
industry. The efficient use of these markets should
minimize the effect of dollar exchange rate fluctuations
on the crude o0il market. Although o0il companies currently

use the futures markets, it is not clear that the joint
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effects of the exchange rate and petroleum futures markets
on their profitability have been tested.

Finally, this research has revealed that the world is
currently consuming a lighter product slate. Most
industrial countries (as well as many developing
countries) have substituted away from heavier petroleum
products. This has changed the structure of each
country's and the world refinery industry and how they
respond to the needs of consumers. Further research on
the effects of a lighter product slate on the industry

should be undertaken.
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APPENDIX A

COMPARATIVE STATIC EQUILIBRIUM EFFECTS

OF DOLLAR EXCHANGE RATES ON PETROLEUM FLOWS

A.1 Introduction

This appendix presents the theoretical effects of
exchange rate fluctuations on petroleum flows. It
discusses how a country's dollar exchange rate is a part
of the nation's domestic crude o0il price and how crude
0il's domestic price differs from the world dollar price.
Exchange rate effects are traced from the domestic crude
0il market in 1local currency price terms into the same
market in dollar price terms. A four quadrant diagram is
used to show dollar how exchange rate fluctuations changes
the domestic crude o0il price and eventually affects demand
for crude oil in dollar terms. The initial effects are
then extended into the world crude o0il market where the

world market returns to equilibrium. -

A.2 Short-Run Domestic Crude 0il Demand
A nation's crude o0il consumption is a derived demand
based on the demand for final and intermediate petroleum

products and the country's aggregate production function?.

1. Using an aggregate production function to determine
the demand for crude o0il has recently been gaining
popularity. Marquez (1984) and Hogan and Leiby (1986)
describe and Jjustify the use of aggregate production
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The demand for these products affects the production
decision of the nation's refineries and their overall
crude o0il input. Maximization of the aggregate energy
production function subject to a cost function constraint
yields as a minimum model for derived demand across time

the following implicit function:

Dt = f(Pdy, PSy, Fy, Yy, POPy)

where
D = Derived Demand for crude o0il,
Pgt = Domestic crude oil price in local currency,
Psiy = Price of substitute energy inputs,
Fy = Technical change,
Y = National income or GNP, and,
PBPt = National population.

Excluding government policies which affect product
and crude oil prices, Pdy is a function of the nation's

dollar exchange rate and the world dollar crude o0il price,

that is:
Pdt = f£(EX¢, Pg)
where
EX = the nation's dollar exchange rate denominated
in dollars, and,
Pgt = average dollar crude oil price.
functions in estimating crude o0il demand. See their work

for a derivation of the derived demand function.
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Substituting the second equation into the first, the

derived demand curve is

Dt = f[Pdt(Ps,EXt), Pst, Ft, Yt].

Separating crude o0il's dollar price from the
country's dollar exchange rate is possible since the two
are determined independently of each other?. The reaction
of refiners and other users to changes in the dollar
exchange rate and crude oil's price will be different
because 1) the dollar exchange rate tends to fluctuate
more than crude o0il's dollar price, 2) exchange rate
fluctuations may only be temporary causing no reaction,
and, 3) dollar crude oil prices are determined by
petroleum product markets.

In the short run, the change in demand caused by each

determinate will be different. That is:

dDy dDy

—_——— K> m———e—— .
2. This is particularly true for the industrial
countries where «crude o0il is only a small, yet
significant, part of their overall trade balance. For

developing countries, the independence of dollar exchange
rates and crude oil prices is less clear. Recently, some
economists, such as Kouri (1978), Golub(1983) and Brown
and Philips (1986), have proposed that crude oil prices
affect a country's dollar exchange rate, particularly
during price shocks. Empirical evidence has been mixed.

3. The symbol <> signifies "not equal to".
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The change in crude o0il demand due to short-run
fluctuations in the country's dollar exchange rate may not
be equal to the change in crude o0il demand due to changes
in the dollar price. In the 1long run, the reactions

should be equal?.

A.3 Competitive Factor Market

The static equilibrium analysis developed here is
based on crude o0il being a major factor input in the
nation's aggregate production function. The market is
assumed to be purely competitive in the short run because
the nation is able to buy as much crude oil it needs at
the going world price. This assumption holds for most
nations. Only the United States and Japan currently have
enough economic power to influence price. Most other
nations in the non-Communist world do not buy enough crude
oil to influence price.

The demand curve in a purely competitive factor
market for the individual nation is downward sloping -

indicating more crude o0il would be bought, the lower the

4, A short- and long-run equilibrium exists because it
takes time for the markets to react to changes in domestic
prices. In the short-run, the market reaches an
equilibrium where the short-run supply and demand curves
intersect. Over time, the market would adjust until the
markets reach equilibrium at the intersection of the long-
. run supply and demand curves.



257

price. The curve is derived from the nation's aggregate
production function and represents the wvalue of the
marginal product of crude oil inputs. The supply curve
for the individual nation is perfectly horizontal and is
equal to crude oil's price. There are no barriers to
entry in supplying more crude o0il to the country.
Information about crude o0il's quality, price and
availability is widely published. Even the assumption of
a homogeneous product is approximated by the industry's
practice of discounting or adding a premium based on
quality differencesS.

For the world market (or industry) as a whole, the
demand curve is downward sloping and the supply curve is
upward sloping. The demand curve 1is calculated by
horizontally summing the individual nation's demand
curves. The supply curve is upward sloping because a
higher price is required to induce producer to supply a

greater amount of crude oil.

A.4 Effects of Exchange Rates to the Nation

The effect of changes in the dollar exchange rate on
a nation's short-run crude o0il demand in domestic currency
and dollar terms is shown in Figure A.l. The figure is

comprised of four quadrants, each sharing a common axis

5. See section 2.5.
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with the adjacent graph. All values are positive and

increase the further from the intersection of the x and y

axes. The first and fourth quadrants present the
country's demand for and supply of crude oil, (The
industry is not represented in this figure.) The x-axis

shows the quantity of c¢rude o0il demanded, Q, by the
country. The y-axis represents crude oil's price per
barrel. Above the x-axis, the price is denominated in
local currency terms, PD, and represents the domestic
crude o0il price per barrel. Below the x-axis, the price
is denominated in United States dollars, Pg, and
represents the international dollar crude oil price per
barrel. Dd is the demand curve in local currency,
quantity space while D$vis in dollar, quantity space. Dg
is wupward sloping because it is an upside-down demand
curve. Dg still has an inverse relationship to price. By
representing the nation's demand curve in both quadrants
(but in different price, quantit§ space) allows the
effects of the dollar exchange rate to be traced. This
reveals the short-run inefficiencies that develop.

The supply curve faced by the nation is perfectly
horizontal, by assumption of pure competition in the

factor market. This implies the nation can buy as much
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crude oil as it want at the going world pricef. Whether
the crude o0il market approximates a purely competitive
factor market can be debated. With the exception of the
United States and Japan, the assumption should hold since
most nations do not buy enough crude o0il to influence
price. (The assumption of a horizontal supply curve also
simplified the analysis. The results would be the same
had the curve been upward sloping, only it would
complicate the analysis.)

Equilibrium occurs in both quadrants when the
marginal cost of employing one more unit of crude oil is
equal to its marginal revenue product. That is, when Dd
is equal to Sd in local currency terms and Dg is equal to
S¢ in dollar terms. At an initial price of PD (or Pg),
equilibrium quantity demanded is Qc.

The third quadrant represents dollar, dollar space
and allows the information from the fourth quadrant to be
transferred to the second quadrant, or vice-versa. The
ray from the origin is a 45 degree 1line representing
equality between the two axis.

The exchange rate market is shown in the second

quadrant. The y-axis is shared with the crude oil market

6. In most industrial nations, the national government
does not buy the crude oil. 1Instead, individual refining
companies buy the crude o0il and do not act as a single
unit.
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and represents the amount of domestic currency needed to
buy one barrel of crude oil. The x-axis measures the
amount of dollars need to buy a barrel of crude o0il and
increases the further from the intersection of the two
axis. The ray from the origin, k, represents a constant
ratio of local currency per barrel to US dollar per
barrel. It represents the nation's dollar exchange rate,
i.e., k = PD/$7. A depreciation in the exchange rate
(more local currency is needed to buy dollars) causes the
ray's slope to increase. An appreciation has the opposite
effect. The curve, AB, represents the dollar crude oil
price at a given point in time and is determined by
tracing the crude o0il's dollar price in fourth quadrant to
the second quadrant. It is perfectly vertical because the
country is a price taker and dollar price does not change.

At initial equilibrium, the domestic and dollar price
are equal (adjusted for k) and the nation's crude oil
demand, Qc, can be determined from either quadrant. As
the dollar exchange rate shifts, the relationship between
the domestic and international markets changes. Assuming
a domestic currency depreciation, the first effect is felt
in the exchange rate market by the ray, k, shifting up to

k'. The intersection of k' and AB shows that domestic

7. Since both axis are in per barrel terms, the units
cancel out and the ray represents the amount of domestic
currency required to buy US dollars.
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crude o0il price has increased from Pd to Pd' because it
takes more domestic currency to buy a barrel of crude oil.
The domestic crude o0il supply crude shifts up to Sp'’
because the marginal cost of an additional barrel of crude
0il has increases. A new equilibrium is attained at Qc'
where the new supply curve, Sp', and the original demand
curve in domestic currency terms are equal.  The quantity
demanded of crude o0il decreases as the market moves along
the demand curve (adjusting crude oil's value of marginal
product to the marginal cost curve). The decrease in
crude 0il quantity demanded is a function of the crude oil
elasticity of demand. In the short-run, the decrease
should be small which may not induce o0il producing
countries to adjust price.

But the market 1is still in disequilibrium in the
dollar crude o0il quadrant. Crude o0il's dollar price has
not changed, so o0il producers believe the country will
still demand Qc, while only Qc' is actual being consumed,
so a disequilibrium of QcQc' exists. The country's demand
curve, Dg, must shift inward in the dollar quantity space
to achieve equilibrium. The curve shifts inward Jjust
enough so total quantity demanded is equal to Qc and both
markets are in short-run equilibrium. 0il producers

experience a decrease in demand while the domestic market
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consumes less crude oil than before the increase in its

dollar exchange rate.

A.5 Exchange Rate Effects with the Industry Included

Once the industry is included in the analysis, it is
possible to see how dollar exchange rate fluctuations
cause the crude oil industry to adjust its output8.
Exchange rate effects in the overall market can be seen in
Figure A.2 which adds the crude o0il industry to Figure
A.l. (The exchange rate market and the transitional
curves from Figure A.l are not included to simplify the
diagram.) The industry demand curve is the horizontal sum
of the individual derived demand curves of each nation.
The industry supply curve is upward sloping because a
higher price is required to induce producers to sell crude
oil.

From Figure A.l1 we know that as the exchange rate
depreciates, a nation demands less crude oil. This in
turn, causes crude o0il's industry demand curve to shift
inward in dollar, quantity space. The differences between
Qc' and Qc and Qw' and Qw are equal. At Pg, since supply

exists in the crude o0il market and puts downward pressure

8. Exchange rate fluctuations must be (or are at least
perceived to be) permanent before they will cause crude
oil supply to adjust. If crude oil producers believe the
fluctuation is only short term, they will not adjust
production.
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on crude oil's dollar priceS. The dollar price drops to
Pg', returning the industry to equilibrium. The supply
of crude o0il (in terms of both dollar and local currency)
drops to P$* in dollar space and Pd* in local currency
space. In static equilibrium, the supply curves in both
graphs drop by the same amount due to the price change.
The industry is in long-run equilibrium when the nation's
quantity demanded increases to QD* and world demand is
equal to Qw'.

The actual increase (or decrease) in the quantity
demanded depends on the elasticity of demand in the crude
oil market and the cumulative increases (decreases) in
demand by all nations. For the country which experienced
the original exchange rate depreciation, the increase in
domestic crude o0il demand depends on two things. These
are the domestic elasticity of demand and the size of the
dollar price decrease relative to the original domestic
price increase, (which was caused bf the initial exchange

rate depreciation).

9. For an individual nation, the decrease in demand is
small since short-run demand elasticity tends to be low.
0il producers may not adjust their output or price
behavior because of the small decrease. For all countries
taken together, the cumulative effect may cause a market
glut, forcing the industry to drop price.



266

LIST OF REFERENCES

Adams, F. Gerald, and J. Marquez, "Petroleum Price
Elasticity, Income Effects, and OPEC's Pricing Policy",
The Energy Journal, Vol 5, No. 1, January, 1984, pp. 115-
128.

Adelman, Morris A., The World Petroleum Market, Resources
for the Future, Johns Hopkins University Press, Baltimore,
1972.

Adelman, M. A., "The Competitive Floor to World 0il
Prices", The Energy Journal, Vol 7, No. 4, October, 1986,
pp. 9-31.

Allen, R. G. D., Mathematical Analysis for Economists,
Macmillan Publishers, London, 1938.

Basei, Giorgio, and Orsi, Renzo, "Exchange-Rate Changes
and Their Effect on Export Prices in a Disequilibrium
Model of Italy's Foreign Trade," Issues in International
Economics, ed. Oppenheimer, Peter, Oriel Press, London,
England, 1978, pp. 298-322.

Blair, John, The Control of 0il, Pantheon Publishing
Press, New York, 1974.

Berndt, E.R., and D. O. Wood, "Engineering and Econometric
Interpretations of Energy-Capital Complementarity",
American Economic Review, Vol. 69, June 1979, pp. 342-353.

Berndt, E.R., and L. R. Christensen, "The Internal
Structure of Functional Relationships: Separability,
Substitution, and Aggregation", Review of Economic
Studies, Vol 40, 1973.

Berndt, E.R., and W. Wood, "Technology, Prices, and the
Derived Demand for Energy", Review of Economics and
Statistics 57, August 1975, pp. 259-268.

Bohi, Douglas R., Analyzing Demand Behavior: A Study of
energy Elasticities, Resources for the Future, The John S
Hopkins University Press, Baltimore, MD, 1981

Bohi, Douglas R., and Simmerman, Mary Beth, "An Update on
Econometric Studies of Energy Demand Behavior". Annual
Review of Energy, Volume 4, Annual Reviews Inc., Palo
Alto, CA 1984, pp. 105-154



267

British Petroleum, BP Statistical Review of World Energy,
British Petroleum Company, London, various issues,
particularly 1988.

Brown, Stephen P.A., and Philips, Keith R., Exchange
Rates and World 0il Prices, Federal Reserve Bank of Dallas
Economic Review, Federal Reserve Bank of Dallas, Dallas,
TX, March 1986, pp. 1-10..

Brown, Stephen P.A., and Philips, Keith R., The Effects
of 0il Prices and Exchange Rates in World 0il Consumption,
Federal Reserve Bank of Dallas Economic Review, Federal
Reserve Bank of Dallas, Dallas, TX, June 1984, pp. 13-21,

Christensen, L. R., Jorgenson, D. and Lau, L. J.,
"Transcendental Logarithmic Production Frontiers", Review
of Economics and Statistics, Vol. 55, February 1973, pp.
28-45.

Christensen, L. R., Jorgenson, D. and Lau, L. J.,
"Transcendental Logarithmic Utility Functions", American
Economic Review, Vol. 65, June 1975, pp. 367-383.

Considine, D. M., Energy Technology Handbook, McGraw-Hill,
New York, 1977.

Crock, L., 0il Terms, Wilton House Publications, London,
1976.

DeCroocqg, Daniel, Catalytic Cracking of Heavy Petroleum
Fractions, Institut Francais du Petrole, Paris, 1984.

Dunkerley, Joy, and Jankowski, John, "The Real Price of
Imported Crude 0il", The Energy Journal, Vol 1, No. 3,
July, 1980, pp. 113-118.

Energy Modeling Forum, World 0il, EMF Report 6, Summary
Report, Stanford University, Stanford, CA, 1982.

Feldman, Robert A., The Impact of 0il Import Price Shocks
on Domestic Prices, Westview Press, Inc., Boulder, CO,
19082

Fesharaki, F., and Yamaguchi, N., The New Saudi Export
Refineries: The role of Shipping Costs in Determination of
Product Prices and Their Competitiveness, OPEC Downstream
Project, RSI, East-West Center, Honolulu, Hawaii
September, 1984



268

Fuss, M., Hyndman, R., and Waverman, L., Residential,
Commercial, and Industrial Demand for Energy in Canada,
International Studies of the Demand for Energy, Nordhaus,
William D., North~Holland Publishers, Amsterdam, 1977, pp.
151-179.

Fuss, M.A., "The Demand for Energy in Canadian
Manufacturing", Journal of Econometrics, Vol 5, 1977, pp.
89-116.

Gary, James H. and Handwerk, Glenn E., Petroleum Refining:
Technology and Economics, Marcel Dekker, Inc., New York,
1975,

Golub, Stephen, '0Oil Prices and Exchange Rate', The
Economic Journal, London, 1983, pp. 576-593.

Granger, C. and Newbold, P., 'Some Comments on the
Evaluation of Economic Forecasts', Applied Economics,
Volume 5, pp. 35-47.

Granger, C. and Newbold, P., Forecasting Economic Time
Series, Academic Press, New York, 1977.

Griffin, James, Capacity Measurement in Petroleum
Refining, Heath Lexington Books, Lexington, MA, 1971.

Griffin, J. M.,"An Interfuel Substitition Possibilities:
Translog Application to Pooled Data," International
Economic Review, Vol. 66, December 1976, pp. 845-857.

Griffin, J. M., and P. A. Gregory,"Inter-Country Translog
Model of Energy Substitution Responses” American Economic
Review, Vol. 18, October 1977, pp. 755-770.

Griffin, James, Energy Conservation 1in the OECD: 1980 to
2000, Ballinger, Cambridge, 1979.

Griffin, J. M., and Jones, C. J., "Falling 0il Prices:
Where Is the Floor?", The Energy Journal, Vol 7, No. 4,
October, 1986, pp. 37-50.

Halverson, R. and J. Ford, "Substitution among Energy
Demand in U.S. Manufacturing', Review of Economics and
Statistics 57, February 1975, pp. 12-18.

Harris, DeVerle, and Gyoo J. Jeon, Improved Methods for
Long-Range Forecasting of Mineral Demands, July, 1987,
unpublished.



269

Hartman, Raymond S., "Frontiers in Energy Demand
Modeling". Annual Review of Energy, Volume 4, Annual
Reviews Inc., Palo Alto, CA 1979

Henderson, J. M., and R. E. Quandt, Microeconomic Theory,
3rd Ed., McGraw-Hill Book Company, New York, NY, 1980.

Hogan, W., and A. Manne, "Energy Economy Interactions: The
Fable of the Elephant and the Rabbit?" In Advances in the

Economics of Energy and Resources: The Structure of Energy
Markets, Vol. 1, Ed. Robert Pindyck, JAI Press, Greenwich,
CT, 19789.

Hogan, W., and P. N. Leiby, 0il Market Risk Analysis,
mimeograph, Harvard Energy Security Project, Harvard
University, Cambridge, MA, December, 1985.

Houthakker, H.S., and L.D. Taylor. Consumer Demand in the
United States: 1929-1970, 2nd Ed., Harvard University
Press, Cambridge, MA, 1970.

Humphreys, D. B., and J. R. Moroney, "Substitution Among
Capital, Labor, and Natural Resource Products in American
Manufacturing", Journal of Political Science, Vol. 5,
Autumn 1975, pp. 57-82.

Huntington, Hillard G., "The Real Price of Imported Crude
0il", The Energy Journal, Vol 1, No. 3, July, 1980, pp.
113-118.

Huntington, Hillard G., "Real 0il Prices from 1980 to
1982", The Energy Journal, Vol 5, No. 3, July, 1984, pp.
119-131.

Huntington, Hillard G., The US dollar and world oil
market", Energy Policy, Butterworth & Co. Publishers, ***%
August 1986.

Intriligator, Enomometric Models, Techniques, and
Applications, Prentice-Hall, Inc., Englewood Cliffs, NJ,
1978.

Jacoby, Neil, Multinational 0il, MacMillan Publishing Co.,
New York, NY, 1974.

Jenkins, Gilbert, 0il Economists Handbook, 1985, Elsevier
Applied Science Publishers, London, 1986.

Johnston, J., Econometric Methods, 2nd Edition, McGraw-
Hill Book Co., New York, 1972.



270

Jorgenson, Dale W., and Lau, L. J., "The Strucutre of
Consumer Preferences", Annals of Economic and Social
Measurement, Volume 4, Winter 1975, pp. 49-101.

Jorgenson, Dale W., Consumer Demand for Energy,
International Studies of the Demand for Energy, Nordhaus,
William D., North-Holland Publishers, Amsterdam, 1977, pp.
309-328.

Kelejian, Harry, and W. E. Oates, Introduction to
Econometrics, 2nd. Ed., Haroer & Row, Publishers, New
York, NY, 1981.

Kennedy, M., Structure of the World 0il Model,
Unplublished Dissertation, 1974.

Kennedy, M., 'A World 0Oil Model', in E&conometric Studies
of U.S. Energy Policy, Ed. Jorgenson, Dale, American
Elsevier, New York, NY, 1976.

Kennedy, Peter, A Guide to Econometrics, 2nd Edition, The
MIT Press, Cambridge, MA., 1985

Kouri, Pentri, and Jorge De Maceda, 'Exchange Rates and the
Interntional Adjustment Process', Brookings Papers on
Economic Activity,1, The Brookings Institute, Washington,
D.C., 1978.

Kouris, George, "Energy Demand Elasticities in
Industrialized Countries: A Survey", The Energy Journal,
Vol 4, No. 3, July, 1983, pp. 73-94.

Koutsoyiannis, Anna, Theory of Econometrics, 2nd Ed.,
Barnes & Noble, New York, NY, 1978.

Krapels, E. N., Pricing Petroleum Products, Platt's
Oilgram News, McGraw-Hill Publications Co., New York,
1982. '

Krugman, Paul, '0Oil and the Dollar', in Economic
Interdependence Under Flexible Exchange Rate, Ed.
Bhandari, J. and B. Putman, The MIT Press, Cambridge, MA,
1982.

Langenkamp, R. D., The Illustraded Petroleum Reference
Dictionary, The Petroleum Publishing Company, Tulsa, OK,
1982. '



271

Leffler, William L., Petroleum Refining for the Non-
Technical Person, 2nd Edition, PennWell Books, Tulsa, 0K,
1985.

MacAvoy, Paul W., Crude 0il Prices, Ballinger Publishing
Co., Cambridge, MA., 1982,

Maddala, G. S., Econometrics, McGraw-Hill Book Company,
New York, NY, 1977.

Marquez, Jaime R., , 0Oil Price Effects and OPEC's Pricing
Policy: An Optimal Control Approach, Lexington Books,
Lexington, MA, 1984.

Mincer, J., and Zarnowitz, V., "The Evaluation of Economic
Forecasts" in Economic Forecasts and Expectation, National
Bureau of economic Research, New York, 1969.

Mobil 0il, The Language of 0il, Mobil 0Oil Corporation, New
York, 1980.

Moroney, J. R., and A. Toevs,"Input Prices, Substitution,
and product Inflation", In Advances in the Economics of
Energy and Resources: The Structure of Energy Markets,
Vol. 1, Ed. Robert Pindyck, JAI Press, Greenwich, CT,
1979.

Moroney, J. R., and P. Trapani,"Factor demand and
substitution in mineral-intensive industries", Bell
Journal of Economics, Vol 12, Spring 1981, pp. 272-283.

National Petroleum Council, Refinery Flexibility, Volume
I, National Petroleum Council, Washington, D.C., December
1979

National Petroleum Council, Refinery Flexibility, Volume
II, National Petroleum Council, Washington, D.C., December
1979.

National Petroleum Council, U.S. Petroleum Refining,
National Petroleum Council, Washington, D.C., October
1986.

Nelson, Wilbur L., Petroleum Refinery Engineering, Fourth
Edition, McGraw-Hill, New York, 1958.

Nelson, Wilbur L., "Refinery Complexity Reexamined" The
0il & Gas Journal, The Petroleum Publishing Company,
Tulsa, OK, 1972.



272

Nelson, Wilbur L., Guide to Refinery Operating Costs, The
Petroleum Publishing Company, Tulsa, OK, 1976.

Nerlove, M., D.M. Grether, and J. L. Carvalho, Analysis of
Economic Time Series, Academic Press, New York, NY, 1979,

Nordhaus, William D., 'The Demand for Energy: An
International Perspective', In International Studies of
the Demand for Energy, Nordhaus, W. D., North-Holland
Publishers, Amsterdam, 1977, pp. 239 - 286.

OECD, Quarterly 0il & Gas Statistics, International Energy
Agency, OECD, Paris, Various Issues.

OECD, Refinery Flexibility in the OECD Area, International
Energy Agency, OECD, Paris, 1979.

0il & Gas Journal, Data Book, 1888 Edition, PennWell
Books, Tulsa, OK, 1986.

Petroleum Economics Ltd, Refinery Flexibility in the OECD
Area, Internationa Energy Agancy, OECD, Paris, June 1981.

Petroleum Publishing Company, Evaluation of World's
Important Crudes, The Petroleum Publishing Company, Tulsa,
OK, 1973.

Pindyck, R. S. and D. L. Rubenfeld, Econometric Models &
Economic Forecasts, 2nd Ed., McGraw-Hill Book Company, New
York,NY, 1981.

Pindyck, Robert S., The Structure of World Energy Demand,
MIT Press, Cambridge, MA, 1979

Sachs, Jeffrey, 'Energy and Growth Under Flexible Exchagne
Rates: A Simulation Study', in Economic Interdependence
Under Flexible Exchange Rate, Ed. Bhandari, J. and B.
Putman, The MIT Press, Cambridge, MA, 1982.

Sachs, Jeffrey, 'The Current Account and Macroeconomic
Adjustment in the 1970's', Brookings Papers on Economic
Activity,1, The Brookings Institute, Washington, D.C.,
1981,

Salant, S. W., Imperfect Competition in the World 0il
Industry, Lexington Bools, Lexington, MA., 1982.

Scanlan, T., "A Comment of 'The Competitive Floor to World
0il Prices: A Comment'", The Energy Journal, Vol 7, No.
4, October, 1986, pp. 34-35.



273

Shell 0il, The Petroleum Handbook, Sixth Edition, Elsevier
Science Publishing, Amsterdam, 1983.

Speight, James G., "Upgrading Heavy Feedstocks", Annual
Review of Energy, Volume 11, Annual Reviews Inc., Palo
Alto, CA 1986

Speight, James G., The Chemistry and Technology of
Petroleum, Marcel Dekker, Inc., New York, 1980.

Speight, James G., The Desulfurization of Heavy 0Oils and
Residua, Marcel Dekker, Inc., New York, 1981l.

Taylor, L.D., "The Demand for Electricity: A Survey", Bell
Journal of Economics, Vol 6, January 1975, pp. 74-110.

Theil, H., Applied Economic Forecasting, North-Holland
Publishing, Amsterdam, 1966, pp. 26-36.

U.S. Environmental Protection Agency, Petroleum Refining:
Point Source Category, U.S. Government Printing Office,
Washington, D.C., April 1974.

Varian, H. R., Microeconomic Analysis, W. W. Norton &
Company, New York, 1978.

Watkins, R. N., Petroleum Refinery Distillation, Second
Edition, Gulf Publishing Company, Houston, 1979.

Wijetilleke, Lakdasa and Ody, Anthony J., World Refinery
Industry, The World Bank, Washington, D.C., 1984.

Wilkinson, Jack W., "The Competitive Floor to World 0Oil
Prices: A Comment", The Energy Journal, Vol 7, No. 4,
October, 1986, pp. 32-33.

WOCOL, .Coal - Bridge to the Future, MIT Press, Cambridge,
MA., 1980.

Wojciechowski, B. W., and Corma, A., Catalytic Cracking:
Catalysts, Chemistry and Kinetics, Marcel Dekker, Inc.,
New York, 1986.



