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ABSTRACT 

The study analyses the relative separation of the 

effects of changes in a nation's dollar exchange rate and 

crude oil's dollar price on a country's short-run crude oil 

derived demand. It examines the role of the dollar 

exchange rate on domestic and international petroleum flows 

and discusses the short-run inefficiencies that occur due 

to adjustment times in a country's domestic petroleum 

market. A four-equation, structural model of a country's 

short-run petroleum demand function for its two petroleum 

flows (crude oil and imported product) was used. Using the 

translog function, estimates of direct and indirect dollar 

exchange rate effects were estimated. 

To account for the role of a nation's refinery 

industry on international petroleum flows, a measure of the 

industry's flexibility was developed. The industry is said 

to be flexible when it can alter its inputs' naturally 

occurring product fractions to more closely meet the 

country's final demand. The index developed in this study 

measures the industry's increase in its output product 

slate's weighted average API, relative to the weighted 

average API of its crude oil and feedstocks inputs, 

adjusted for the crude oil's naturally occurring product 

fractions. 
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CHAPTER ONE 

INTRODOCTION 

This chapter examines the major theme of the study; 

the relative separation of the effects of changes in a 

nation's dollar exchange rate and crude oil's dollar price 

on a country's short-run crude oil demand. It discusses 

the short-run inefficiencies that occur due to adjustment 

times in a country's domestic petroleum market. In the 

long-run, the markets return to equilibrium. The chapter 

further examines the role of the dollar exchange rate and 

the refinery industry on domestic and international 

petroleum flows, the scope of the problem, relevant 

economic literature, and states the objectives and the 

organization of the study. 

Petroleum products affect the economic growth of the 

world's industrial and developing nations. Recognizing 

this, economists have extensively studied the petroleum 

industry. Since the industry is highly complex, 

economists have generally limited their analyses to a 

small part of the industry, assuming the overall flow of 

petroleum would follow1 • The economic literature is rich 

1. The market segments could be considered industries by 
themselves. Each petroleum market segment has been 
described by economists as a separate industry yet is 
considered part of the overall petroleum industry. The 
distinctions are not made clearer when looking at 
petroleum literature. 
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in studies of nearly all areas of the industry's numerous 

interconnecting market segments. It shows how they relate 

to the ultimate supply of or demand for one or more 

services or products necessary for the production and 

supply of petroleum products. Studies on product demand, 

such as Pindyck (1979) and Griffin (1978), only looked at 

a nation's demand for the individual petroleum product. 

The crude oil supply was assumed to follow. More recent 

studies on crude oil demand, such as Adams and Marquez 

(1986), Hogan and Leiby (1986), and Mork (1982) analyze a 

nation's crude oil demand using an aggregate production 

function. These studies do not consider product flows or 

crude oil refining. A few studies, such as Marquez 

(1984), tried to incorporate total petroleum consumption 

into a macroeconomic model of a nation's economy, but oil 

was only a secondary issue to their hypotheses. 

By studying the segments, economists have been able 

to understand how that part of the industry contributes to 

the supply of petroleum products to final consumers. Only 

recently have economists begun to be concerned with 

petroleum's overall flows. Stability in crude oil supply 

and an increased understanding of how petroleum influences 

a nation's economic growth have allowed economists to 

examine what determines petroleum's flow into a country. 
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Although economists recognize the distinction between 

individual product demand and the demand for crude oil as 

a refinery input, they have not traditionally looked at 

the aggregate physical flow of petroleum. Following an 

engineering perspective, economists describe petroleum 

flows from initial production to final petroleum product 

sales. Petroleum is initially discovered and produced as 

crude oil in the petroleum industry I s exploration, 

development and production segment. The crude oil is 

transported to refineries where it is processed into its 

various co-products. The petroleum products are then 

transported and sold as intermediate or final goods in 

wholesale and retail markets to satisfy the demands of 

final consumers2. 

In the aggregate, total crude oil supply must equal 

total petroleum product supply (after adjusting for losses 

and gains in the refining process and losses in 

transportation), irrespective of the mix of final 

petroleum products consumed worldwide. A balance occurs 

in the petroleum industry when one metric ton (mt) of 

crude oil equals a metric ton of total products. This 

holds because the refinery processes crude oil (as 

2. This study does not distinguish between petroleum 
products used as intermediate or final goods. Under both 
circumstances the product is no longer transferable as 
petroleum. 
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measured in volume or weight terms) into virtually an 

equal amount of petroleum products3. This has made it 

easy for economists to study the various component parts 

of the petroleum industry while assuming away issues of 

crude oil's transformation. 

When viewed from the perspective of the individual 

nation, the identity no longer holds. Petroleum flows 

into the nation based on the country's demand for 

individual petroleum products. The product may enter the 

country as final product or crude oil, which is then 

processed into final product. The amount of crude oil a 

nation demands is based on the refinery's optimizing 

behavior and the price it receives for all products. 

While the volume of refinery hydrocarbon inputs and its 

outputs are directly related, there is no reason for a 

nation's crude oil and petroleum product demand to be 

equal 4 • The source of petroleum may be domestic or 

3. Using volume or weight in describing crude oil and· 
petroleum products can be deceptive. Products are 
demanded based on their utility to the final consumers, 
crude oil for its ability to produce the products. While 
a ton of crude oil and each specific petroleum product are 
the same (2,000 pounds), their volumes are different. The 
lower the specific gravity, the greater the volume for a 
given weight. Gasoline will take up more volume than the 
heavier residual fuel oil. In the aggregate, crude oil 
tends to average out to the same volume as its naturally 
occurring products. 
4. This does not mean they won't be. Usually crude oil 
is demanded to satisfy domestic wants, so the volume of 
crude oil demand is close to product demand. 
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foreign. Figure 1.1 shows a simplified overview of 

petroleum flows to a nation. 

1.1 Statement of the Problem 

Under conditions of pure competition in the domestic 

and international petroleum markets, the amount of crude 

oil and petroleum products used is that which maximizes 

the nation's aggregate energy production function while 

minimizing its total cost. The supply of and demand for 

all petroleum products are in equilibrium when the markets 

efficiently allocate the individual different products. 

The final consumer makes no distinction between consuming 

imported petroleum product or crude oil which is then 

processed into products. Ultimately, the lowest cost flow 

will dominate the trade flows. 

The common trade practice of denominated crude oil 

prices in dollars (irrespective of where the crude was 

produced) introduces a short-run distortion into a 

country's short-run petroleum markets5 • The distortion 

comes about because a short-run disequilibrium occurs 

5. Crude oil's price is always quoted in dollars and 
most of the time requires actual dollars to buy crude oil. 
Whether crude oil is actually denominated, priced, or 
traded for dollars is depend on the specific trading 
partners and the actual currency used is determined by the 
economic circumst~nces of the importing country. One with 
a strong currency might be able to pay with its currency. 
One with a weak currency might have to buy dollars, then 
get the crude oil. The barter system has periodically 
been used when selling to developing countries. 
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between a nation's demand based on a domestic price and 

crude oil supply to the nation induced by the dollar 

price. Time is required for the two to go back into 

equilibrium. The dollar-denominated price makes a 

nation's dollar exchange rate a determinant of the 

domestic crude oil price and links crude oil's domestic 

price to the value of all the nation's internationally 

traded goods and services 6. The domestic price is not 

just a function of the determinants of the world crude oil 

market, but also the demand for domestic products by 

foreign countries. As the financial markets adjust the 

value of the dollar to the local currency, domestic crude 

oil prices change. Figure 1.2 shows the financial and 

physical flows of the petroleum market. All crude oil 

purchases are in dollars whether the country buys domestic 

or foreign crude oil, so there is no price advantage in 

buying domestic over foreign crude oil when the exchange 

rate changes 7 • The main difference between the two is 

that the country experiences an outflow of dollars in its 

6. The petroleum industry has historically tried to 
equate the price of all crude oil by earmarking each crude 
oil stream's price to a marker crude, like Arabial Light. 
Differences in a specific crude oil's price and the marker 
crude are based on their quality differences, the world 
refineries' ability to process the crude oil into each 
output product slate. See Adelman (1972) or Blair (1976) 
for a history on crude oil price. 
7. The dollar exchange rate for a nation is defined as 
the amount of domestic currency needed to buy one United 
States dollar. 
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balance of payments if it buys foreign crude oil and only 

a transfer of title with domestic crude. 

When a country imports petroleum products, it will 

not be required to use dollars. Instead, the country pays 

for the product in the currency of the exporting country. 

The dollar exchange rate has only an indirect effect, 

limited to the relative price of the domestic and foreign 

products and its secondary effects on the bilateral 

exchange rate of the trading partners. Although the 

domestic market ultimately determines the product's 

prices, the bilateral exchange rate determines the 

competitiveness of the foreign product. 

The only financial flow which does not involve 

entering the international financial market is the 

purchase of domestically refined products. Local market 

conditions for each product determine the product price. 

The country reacts to a change in the dollar exchange 

rate by increasing or decreasing its crude oil demand. 

Substitution between crude oils from different producing 

countries does not occur because their relative prices 

have not changed. Instead, a short-run distortion between 

the actual domestic crude oil price in local currencies 

and the domestic crude oil supply price in dollar terms 

occurs. This creates a short-run distortion between the 

actual national crude oil demand and that perceived by the 
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international petroleum market. At the same time, it can 

create a wedge between the domestic cost of crude oil and 

the price of imported petroleum products which are not 

denominated in dollars 8• This wedge will influence the 

flow of petroleum to a country. Over the long run, the 

domestic and international markets will adjust and the 

distortion will disappear, eliminating the price 

difference between the various markets. A new petroleum 

flow pattern will have been established. 

The dollar exchange rate will indirectly affect the 

flow of petroleum products by changing the relative prices 

of crude oil imports among countries and the cost of 

domestic and foreign products. 

Changes in the relative price of crude oil imports 

occur as countries experience different rates of change in 

their dollar exchange rates. For a given crude oil dollar 

price, countries with appreciating currencies will 

experience a decrease in price while countries with-

depreciating currencies face a price increase. As long as 

oil producers do not react to the change in total market 

demand caused by all exchange rate fluctuations, some 

8. The 
currency 
used is 
relative 

petroleum industry does not have a 
which it uses to trade in products. The 

determined by the trading partners 
strengths of each economy. 

standard 
currency 
and the 
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countries will have a cost advantage in purchasing crude 

oi1 9 . 

Another factor affecting the international flow of 

petroleum is the ability of the domestic refinery industry 

to al ter its product slate to meet final product demand. 

As the technical sophistication of the nation's refinery 

industry becomes greater, it exhibits a greater degree of 

processing flexibility. This flexibility allows the 

refinery industry to accept varying qualities of crude oil 

or produce different product slates using the same crude 

oil inputs. The industry will be able to minimize costs 

and more efficiently supply its consumers. 

The specific crude oil used and optimal product slate 

produced by the national refinery is determined by the 

economics of the refinery industry and the price of each 

product. A national refinery industry's flexibility is 

constrained by the type and quantity of petroleum products 

demanded (both domestic and foreign) , the type of 

downstream upgrading units installed, and the 

profitability of supplying each product. 

I f the demand for a speci fic product exceeds the 

locally produced supply, one of two things will happen. 

9. Empirical evidence (presented in Chapter Two) 
indicates OPEC members primarily adjust their prices based 
on the United States' and Japan's crude oil demand. The 
dollar and yen price paths are close to one another. 
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Either the country will import products from foreign 

refineries or prices will rise, decreasing the quantity 

demanded. If price is not allowed to rise, demand will go 

unsatisfied and a form of rationing will take place. If 

the local refinery industries produce more product than is 

demanded, then the products are exported to foreign 

markets. In those countries which do not regulate 

profits, decisionmaking processes of domestic refineries, 

market structure for each product, and the refineries' 

profit-maximizing behavior, it may be more profitable for 

the domestic industry to export one product while 

importing another. 

1.2 Objectives and Scope 

This study has two objectives. The primary one is to 

test for the separate effects of changes of a nation's 

dollar exchange rate and crude oil's dollar price on the 

country's short-run crude oil demand, thereby determining 

whether the petroleum industry's practice of denominating 

crude oil in United States dollars causes a nation's 

dollar exchange rate to have a separate and distinct 

effect on the short-run crude oil demand than does crude 

oil's dollar price. That is, it tests to see if domestic 

price changes induced by the dollar exchange rate have a 

different effect than those induced by the crude oil 
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producer. In an ideal world, the market clearing price 

would incorporate all supply and demand determinants 

thereby adjusting crude oil's price to reflect changes in 

the relative strength of trading partners economies. The 

country's dollar exchange rate would be just another 

determinant of demand which would be incorporated into the 

determining price. 

A country's exchange rate enters the market through 

its effects on crude oil's domestic price, i.e., the 

dollar price times the nation's dollar exchange rate. The 

dollar exchange rate may have a different effect on the 

domestic demand for crude oil for three main reasons. 

First, there is a difference in the frequency of the 

domestic price changes due to each determinant. Changes 

in the exchange rate tend to occur more often. The 

international financial markets are adjusting a country's 

currency based on the relative value of all its goods, 

services and capital flows - not just its trade with crude 

oil producing countries. World crude oil dollar price 

changes take longer to occur as OPEC tries to keep the 

price of all crude oils within a predetermined range. 

Second, the duration of the price change is different 

depending on whether it is induced by the exchange rate or 

by the crude oil market and OPEC policies. An OPEC 

induced price change tends to be of longer duration, 
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slowly returning to equilibrium. This is because oil 

producers are undertaking actions which will maintain the 

agreed-upon price. Dollar exchange rate induced changes 

tend to be more volatile. They cause domestic crude oil 

prices to rise and fall irrespective of crude oil market 

conditions. Oil producers and refiners may not have the 

incentive to react as quickly (or quickly enough) since 

they cannot control what happens. Finally, refiners have 

more control over the dollar price than the exchange rate 

determined price. Even with the increased amount of crude 

oil traded in the spot market, the dollar price is what is 

negotiated. 

To test the primary objective, a four-equation, 

short-run structural model of a nation's petroleum trade 

flows is developed. The model will be tested using three 

major oil consuming nations which have floating exchange 

rates, exert little or no control on crude oil's price and 

exhibit one of the following characteristics: 

1. No, or virtu':l-lly no, domestic crude oil 

production but a major importer and user of petroleum. 

2. No, or virtually no, domestic crude oil 

production but a major importer of crude oil and an 

exporter of petroleum product. 

3. A major producer and consumer of crude oil and an 

exporter of a large portion of its production. 
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The second objective of the study is to tes~ how the 

refinery industry and its ability to upgrade crude oil and 

petroleum feedstocks can influence international petroleum 

flows 10 • With the demand for petroleum products shifting 

to a lighter product mix, the role of the refinery in 

meeting the demand becomes more important, particularly in 

determining the country's petroleum flows. A measure of 

the refinery's ability to upgrade crude oil and feedstock, 

i.e., refinery flexibility, is developed based on a 

nation's refinery industry's actual product output. Then 

the measure is incorporated into the country's petroleum 

flow structural model to test if it has an effect on crude 

oil and product import demand. 

1.3 Literature Review 

While the economic literature on the petroleum 

industry and foreign exchange rates is vast, much of it 

relates to the petrodollar. Very few studies have 

addressed the economic demand effects of flexible exchange 

rates and pricing of crude oil in dollars. In the early 

10. A question of causality exists. Flexibility evolves 
as the individual refinery (or group of refineries) 
install downstream upgrading capacity in order to access 
different grades of crude oil and petroleum feedstocks as 
well as supplying a different product mix for a given 
crude oil input. This will influence the direction and 
flow of crude oil and products. For the purposes of this 
study, only the influence of refinery flexibility on 
petroleum flows is of interest. 
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eighties, when the dollar exchange rate relative to the 

major world currencies began to strengthen, economists 

again began to explore the significance of changing dollar 

exchange rate effects on the crude oil market. Before 

this, most studies of the international flows of the 

petroleum industry centered around specific segments of 

the industry or on the supply of and demand for crude oil 

and petroleum products. They ignored the link between 

crude oil supply and its transformation into final 

productsll • Kennedy (1973, 1976) was one of the first to 

link crude oil supply with final demand. Within a 

quadratic programming model, econometric estimates of 

crude oil supply and demand were integrated with the 

technical constraints of the refinery and transportation 

11. A domestic view of the industry was generally assumed 
without the international financial market entering the 
analysis. Studies of the international demand for crude 
oil took a derived demand perspective and modeled the 
final market assuming the crude oil required to satisfy 
the demand would follow. The better known of these 
studies include those of Jorgenson (1976), Griffin (1979), 
Griffin and Gregory (1976), Madalla, et. al., (1978) and 
Pindyck (1979). 

Studies of the supply of crude oil were concerned 
with how OPEC could influence the crude oils price and how 
much non-OPEC crude oil was available. Adelman (1972) and 
Blair (1976) were among the first to address the question. 
Griffin (1978) and Salant (1982) developed a model of 
crude oil supply based on the structure of the 
international crude oil market. 

Although there exists an economic literature that 
discusses the effects of petrodollars on a country's 
balance of payments, it does not directly address the same 
questions as this study . 
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sectors to build a temporal-spatial model of the 

international crude oil flows. The model suffered from 

various problems caused by the complexity of the industry 

and lack of data. 

It would be impossible to review all studies on the 

petroleum demand and its markets. For a review of some of 

the major studies on the international petroleum market, 

see the following: Energy Modeling Forum (1982) 

conducted a comprehensive review of many of the major 

world energy models. Bohi and Zimmerman (1984) review the 

energy demand literature as it relates to the estimation 

of demand by sectoral end-users of electric and natural 

gas. This study updates Taylor (1975), which deals with 

electricity demand, and Hartman (1979) and Bohi (1981), 

which look at energy demand in general. 

Past studies of crude oil prices and exchange rates 

represent one of two general types of economic 

perspectives. International economists have analyzed the 

effects of crude oil price shocks on exchange rates, while 

energy economists have been concerned with how exchange 

rates influence crude oil demand and international flows. 

Kouri and DeMaceda (1978) were among the first to 

formulate a theoretical framework from the international 

economist's perspective. They developed a hybrid-model of 

the foreign exchange rate which incorporated the current-
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account flows of a nation into an asset-market stock-

equilibrium model. Krugman (1982) and Golub (1983) 

separately tested the theoretical framework by modeling 

the effect of crude oil price shocks on exchange rates. 

They showed that sudden price shocks had a statistically 

significant effect on the foreign exchange rate of 

importing countries since countries had to buy more 

dollars to meet the same energy demand12 • 

Energy economists approached the problem from the 

perspective of how the dollar exchange rate affects the 

overall demand for petroleum13 • Dunkerley and Jankowski 

(1982) first addressed the question of exchange rates and 

its effects on domestic crude oil prices. Working with 

crude oil prices for the period 1974 to 1978, they noted 

that the nominal increases in the dollar price of crude 

oil were more than offset by inflation and that differing 

rates of inflation and exchange rates caused varying 

prices in different countries. They opened up the 

questions of how the dollar exchange rate affects a 

county's domestic demand. Huntington (1984) expanded on 

12. The analysis did not address the question of how 
crude oil prices affect exchange rates during periods of 
normal price behavior, i. e., when a price shock was not 
occurring. 
13. Economists, particularly European~, are starting to 
question how fluctuating exchange rates affect the local 
economy through its effect on prices. Basei and Orsi 
(1978) tested the effect of exchange rates on the Italian 
foreign sector. 



31 

their efforts for the period 1980-82. He also noted the 

appreciating dollar of that time was having a reverse 

effect. None of the authors tried to model dollar 

exchange rate effects. 

Brown and Philips (1984) developed one of the first 

econometric models which tested for the dollar exchange 

rate effects on crude oil demand. Using quarterly data 

from the mid-1970's to 1983 for seven members of the 

Organization for Economic Cooperation and Development 

(OECD), they estimated crude oil demand for each country 

in a reduced-form, partial adjustment model of the form14 

14. The reduced form equation for each country 
incorporates the estimate of long-run consumption for 
crude oil with the rate of adjustment model. The long-run 
demand for oil is defined as a ratio of oil consumption to 
GNP and is a function of its real price, that is: 

* b' (Cjt I GNP jt ) = Aj * PRICE jt J 

Where C* is the long-run consumption of oil in 
country j during period t, had the adjustment to price 
been complete at a given GNP. GNP is the real gross 
national product of country j at time t in domestic 
currencies. Aj is a scalar. PRICE is the real price of 
crude oil in aomestic currency and b is the long-run 
price elasticity of demand for country j. The real price 
of crude oil is taken as a proxy for the internal product 
prices. No justification is given for the use of crude 
oil prices as a proxy for product prices. 

Recognizing the existence of a gap between the short
run and long-run adjustment to price changes, the gap is 
modeled as a constant rate of adjustment of d j percent in 
each time period, that is 

* C jt-l/GNPjt-l 
= d, * J 
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In (Cjt/GNPjt) = B1j + B2 j In(PRICEjt) 

Where: 

= 
= 

C· 
G~p. 
PRICEj = 
t = 

+ B3j In (Cjt-l/GNPjt-l) • 

Crude oil imports of country j, 
Gross National Product of country j, 
Real domestic crude oil price in country j, 
Time. 

By using a Koyck lagged model, they were able to 

estimate the long- and short-run crude oil price 

elasticities of demand and the rate of adjustment for each 

count ry15. 

PRICEjt was calculated in two steps. First, country 

j 's nominal domestic crude oil price was calculated by 

multiplying crude oil dollar denominated world price by 

the country's dollar exchange rate. Then both the nominal 

dollar exchange rate and domestic crude oil price were 

adjusted by a US adjusted price deflator16 • All exchange 

rate effects were measured by holding crude oil's dollar 

15. See Nerlove (1956), Maddala (1977) or Johnston (1984) 
for an explanation of the Koyck lag. 
16. Brown and Philips' rationale for using a US adjusted 
price deflator was that the dollar denominated exchange 
rate and crude oil price had to be adjusted to reflect the 
differential rates of inflation between the demanding 
countries and the US. Some have questioned whether both 
the exchange rate and price should have been adjusted. 
The current debates in the literature show a resolution to 
the question is not close. 
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price constant and allowing the exchange rate to 

fluctuate. No attempt was made to see if the two had 

distinct effects. 

Dollar exchange rates were shown to influence crude 

oil demand for all seven countries. The authors were able 

to simulate demand for five of the seven countries. Low 

t-statistics for price coefficients in Italy and Canada 

caused the authors to reject the results for simulation 

purposes. Price elasticities ranged from as low as -.026 

for Italy to as high as -.125 for the united Kingdom. 

Using a per capita dependent variable restricts the 

income effect, essentially setting income elasticity equal 

to one. This restriction does not let crude oil demand 

adjust to income fluctuations. Marquez (1984) and Adams 

and Marquez (1986) showed that the long-run price 

elasticity of oil consumption is the direct price effect 

of oil imports plus the propensity to import oil with 

respect to income times an oil price multiplier. By 

restricting income elasticity to one, price elasticity is 

biased. 

Brown and Philips' model also failed to account for 

two other factors affecting a country's demand for crude 

oil. First, it omitted petroleum product imports. A 

nation's demand for crude oil is based on its demand for 

final petroleum products. By excluding products from the 
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analysis, Brown and Philips ignored a significant portion 

of total petroleum demand. This tends to bias the results 

towards nations with a great deal of energy autarky and 

away from countries which trade in products. Nor does it 

allow for the bilateral exchange rate. effects between 

product trading nations or the substitution of products 

for crude oil. This may partially explain why the 

equations for Canada and Italy had to be excluded from the 

simulation section. It is the total demand for domestic 

products that has to be modeled and not the demand for 

crude oil. By incorporating the foreign product sector 

into the model, a less biased result may occur. 

Secondly, they did not incorporate the effects of 

technological changes in the refinery industry on crude 

oil demand. Technological change in the refinery industry 

has been significant over the last three decades. As the 

demand for specific products changes, the refineries have 

been forced to change the way they produce their final 

product mix. Downstream capacity can have the effect of 

lowering total crude oil demand. Petroleum product 

feedstocks and extensive crude oil processing allows the 

refinery to produce the same product slate with less crude 

oil. 

In an effort to analyze "the direct effects of 

changing oil prices (through exchange rate shifts) on oil 
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demand" , Huntington (1986) also modeled the demand for 

crude oil. His results reinforced the finding of others 

that the international flows of crude oil are affected by 

changes in the dollar exchange rates. Using annual data 

from 1969 to 1984 and a similar approach to Brown and 

Philips, he estimated a simple, extremely aggregate model 

of OECD crude oil demand. The specification of the model 

consisted of an equation which measures the adjustment of 

the oil to GNP ratio, changing levels of real oil prices. 

Given the degree of data aggregation, Huntington ignores 

any changes in the crude oil supply, product imports and 

bilateral exchange rates other than the dollar. He found 

that the crude oil price elasticity of demand for all of 

the OECD was only -0.3. Had the dollar not appreciated 

between 1980 to 1984, crude oil consumption by the OECD, 

excluding the United States, would have been 3 million 

barrels per day higher. 

By using highly aggregated data, Huntington avoided 

some of the problems faced by Brown and Philips. He also 

addressed some issues which had not been fully developed 

in the earlier literature. First, extending the work 

undertaken in Huntington (1984), he gave a theoretical 

justification for using the price of crude oil as a 

surrogate for modeling the specific product markets within 

a nation. Given the limited substitution between oil and 
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other inputs (particularly the high-end products), higher 

oil prices will increase the importance of crude oil in 

the overall budget, thereby increasing its price 

elasticity. Also, since demand for crude oil is a derived 

demand (as long as refinery costs and taxes remain 

relatively constant over time) rising crude oil prices 

will increasingly have a greater proportional effect on 

product prices. The elasticity with respect to crude oil 

price would gradually rise relative to that of petroleum 

products, even if there is a constant-elasticity rule 

relating demand and price at the end-use level. Since 

product price, P, can be decomposed into' its crude oil 

costs, C, and other costs, then, the demand elasticity 

with respect to crude oil will be equal to 

(dQ/Q) (dQ/Q) 
------ = C/P * 
(dC/C) = (dP/P) 

where Q is the amount of crude oil consumed. As the cost 

of crude oil becomes a larger proportion of the total 

refinery cost of production, it overshadows the effect of 

product price on the elasticity of demand. By using crude 

oil price, there tends to be a downward bias introduced 

into the estimation, resulting in a larger percentage 

price increases but lower estimated demand elasticities. 
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Huntington's results reinforced the need to 

incorporate dollar exchange rates into any analysis of 

crude oil demand, since they have an effect on the 

domestic price and the behavior of refineries. He also 

justifies using crude oil prices as a surrogate for 

product prices in estimating the derived demand for 

petroleum17 • 

1.4 Organization 

This chapter outlined the role of the dollar exchange 

rate and the refinery industry on the domestic petroleum 

industry. It defined the problem, stated the objective of 

the study, and reviewed the relevant literature. 

Chapter Two presents an overview of world petroleum 

consumption, the refinery industry, crude oil prices and 

the international flow of petroleum. The factors which 

affect international crude oil and product flows are 

discussed. 

Chapter Three develops a new measure of refinery 

flexibility, reviews the effects of refinery flexibility 

17. Hogan and Leiby (1986) tested Huntington's model 
specification by modeling crude oil, and heavy and light 
product demand. Heavy. products are defined as residual 
fuel oil; light products are all others. Using an 
aggregate production function, their results were robust 
enough to distinguish between product type. Price 
elasticity for light products, crude oil and heavy product 
were -0.575, 
-0.9 and -2.7, respectively. 
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on crude oil processing, and discusses Nelson's complexity 

index as a measure of refinery flexibility. Then it 

presents a new measure based on hydrocarbon's API and the 

national refinery output slate. 

Chapter Four covers the methodology used in the study 

to estimate exchange rate effects on crude oil imports. 

First, it discusses the separability between the dollar 

exchange rate and the world crude oil price. Then it 

defines the functional form used and specifies the general 

form of the structural model to be estimated. Next the 

general structure of the model's four equations 

(irrespective of the country being estimated) is described 

along with the variables and their expected signs. 

Finally it specifies the technique used to estimate the 

model. 

Chapter Five presents empirical results for each of 

the models tested, discusses the results and compares the 

overall performance of the model to other approaches. 

Finally the results of the flexibility measure are 

discussed. 

Chapter Six presents the summary of the research. It 

discusses the implications of the results on international 

petroleum flows. 

current model. 

It also recommends extensions of the 
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CHAP'l'ER 'l'WO 

'l'BE WORLD PE'l'ROLEOM MARKE'l' 

2.1 Introduction 

This chapter provides an overview of the petroleum and 

refinery industries and the consumption of products by the 

major industrial countries. It gives a recent history of 

total product consumption, reviews changes in the refinery 

industry, and discusses the competitiveness of the major 

petroleum consuming nations' product markets. It also 

shows how a country's dollar exchange rate can change crude 

oil's domestic price. 

The total consumption of petroleum by a nation, and 

therefore the petroleum flows into the country, is a 

function of each petroleum product's market structure. 

Those factors which determine the competitiveness of the 

individual markets dictate the ultimate flow of petroleum, 

and therefore the amount of crude oil entering a country. 

The ability of foreign refineries to effectively compete 

with domestic refineries to supply different products will 

help determine the form in which the petroleum will enter 

the country. 

The chapter is divided into four sections. The first 

section presents an overview of total petroleum 

consumption, the world's major consuming nations and a 
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breakdown of their consumption into major products. Next 

an overview of the world's refinery industry is provided 

with a discussion of overall distillation capacity and 

throughput. World petroleum trade flows are presented 

distinguishing crude oil from product flows. The flows are 

related to the refinery industry and its competitiveness. 

Finally, the world crude oil price and how it is affected 

by a nation's dollar exchange rate is presented. 

2.2 World Petroleum Consumption 

Over the last two decades, world petroleum consumption 

has been undergoing significant changes. Increases in the 

world crude oil price by OPEC in 1973-74 and 1979 changed 

the demand pattern of nations. Although Houthakker and 

Taylor (1970) showed that the ideal method to analyze the 

demand for and supply of a commodity (like petroleum) for 

forecasting purposes is by modeling the individual demand 

patterns for each end-user, it is useful to look at the 

world's total petroleum demand when explaining its 

structure. In the aggregate, the total volume of petroleum 

products consumed by the world's nations must equal the 

total volume of crude oil produced, after adjusting for 

losses and gains in the refinery industry. Only when 

individual nations are analyzed can the volume of products 

differ from the total crude oil imports. 
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Total petroleum consumption reached a peak in 1979 

when the non-Communist world consumed 2,471.6 million 

metric tons (mmt) of petroleum products. Even the large 

1973-74 OPEC induced price increases caused consumption to 

decrease only slightly, since the world economies could not 

substitute into other forms of energy in the short run. 

Petroleum consumption did not slow down until OPEC's second 

major price increase which occurred in 1979. By then 

sufficient time had elapsed for capital to be substituted 

for energy and OPEC had finally increased crude oil's price 

high enough so that industrial nations began to increase 

their efforts to reduce petroleum use, which, with price 

induced reductions, cut back overall demand. Total 

petroleum product consumption decreased to just over 2,150 

mmt by 1982 where it temporarily stabilized. 

1986, consumption began to increase againl. 

Table 2.1 shows the world's total 

Starting in 

petroleum 

consumption by major consuming nations and major economic 

divisions for the years 1968 to 1987. The Organization for 

Economic Co-operation and Development (OECD) is the largest 

consumer of petroleum products. It accounts for over 56 

1. The decrease in total petroleum consumption during the 
eighties may also prove to be a short-run phenomena. Price 
breaks in 1986 reversed previous trends. As industrial 
countries adjust to the new crude oil prices and reorient 
their demand patterns, they will continue to increase their 
total petroleum demand. This time, it will be harder for 
the counties to adjust their demand patterns. 



Table 2.1: World Petroleum Consumption, Million Tonnes 

1977 191B 1919 19BO 19B1 

NORTH AMERICA 
USA B65.9 BBB.B B6B 194.1 146 

Canada B5.6 B6.9 90.1 B1.6 B1.1 

TOTAL 951.5 915.1 95B.1 BB1.1 B21.1 

WESTERN EUROPE 

Austria 11.1 12 12.5 12.2 11 

Belgium , Luxembourg 2B 29 21.6 26.6 24.5 

Denmark 16.6 16.1 15.9 13.6 12.8 

Finland 12.5 12.5 13.3 12.8 12.3 

France 114.6 119 11B.3 109.9 99 

Greece 10.8 11.1 12.4 12.4 11.9 

Iceland 0.6 0.6 0.6 0.6 0.5 
Republic of Ireland 5.1 6 6.4 5.9 5.1 
Italy 96.1 99.B 103.2 91.9 95.1 
Netherlands 37.6 38.4 41.3 38.6 35.7 
Norway 8.9 9.3 9.6 9.3 8.1 
Portugal 7.1 7.4 8.1 8.5 8.8 
Spain 45.5 46.4 49.1 52.2 50.4 
Sweden 28 26.4 21.3 24.8 22.4 
Switzerland 13.1 13.4 12.9 12.8 11.9 
Turkey 16.6 15.3 14.7 14.8 15.4 
United Kingdom 92 94 94.5 80.B 74.7 
West Germany 137.1 142.7 147 131.1 117.6 

TOTAL WESTERN EUROPE 681.9 700 714.7 664.8 618.4 

19B2 19B3 19B4 

105.5 104.9 126.9 

12.9 6B.2 66.1 

77B.4 773.1 193.6 

10.5 10.1 9.8 
23.3 21.1 20.4 

11 10.4 10.4 
11.3 10.5 10.6 
91.5 89.4 B5.9 
11.9 11.4 11.1 

0.5 0.5 0.5 
4.6 4.2 4.1 

90.7 89.2 84.9 
31 29.1 28.7 

8.3 8.3 8.6 
9.5 9.5 9.5 

47.8 47.8 44.8 
20.5 18.4 17.5 
11.2 12.3 11.8 
16.5 16.2 17 
15.6 72.5 89.6 

112.2 110.8 110.6 
5B1.9 571.7 516.4 

19B5 19B6 

121.1 151.3 
6B.5 6B.1 

790.2 B19.4 

9.8 10.4 
20.8 23.5 

10.7 10.5 

10.8 11.3 
B4.3 86 

12 12.2 
0.5 0.5 

4 4.8 
84.4 86.5 
29.2 32.4 

9 9.3 

8.8 9.5 
42.9 42.7 
18.3 18.7 

12 13.2 
16.8 IB.3 
77.4 77.4 

112.9 119.9 
564.6 5B1.1 

19B1 

163.4 
69.4 

B32.B 

10.7 
23.5 

10 
11.2 
86.1 
12.6 

0.6 
4.2 

89.8 
32 

9.5 
9.4 

43.2 
18.8 

12.4 
21.4 
75.2 

114.6 

585.2 

tb 
N 



Table 2.1: World Petroleum Consumption, Million Tonnes (Continued) 

1917 1978 1979 1980 1981 

AUSTRALASIA 
Australia 31 30.8 31.3 29.7 29.2 

New Zealand 4.5 4.4 4.3 4.2 4 

TOTAL AUSTRALASIA 35.5 35.2 35.6 33.9 33.2 

Japan 260.4 262.7 265.1 237.7 223.9 

TOTAL OECD 1929.3 1973.6 1973.5 1818.1 1703.2 

REST OF New 
Cyprus/Gibraltar/Malta 1.4 1.4 1.5 1.5 1.5 

Latin American 183.7 191.2 203.6 211.8 212.6 

Middle EAst 78.9 81.5 75.4 82 89.5 
Africa 59.3 62.8 65.9 70.4 73.8 

South Asia 34.5 37.1 37.7 40.4 43.4 
southeast Asia 90.8 100.9 114.6 116.7 118.6 

TOTAL REST OF New 448.6 474.9 498.7 522.8 539.4 
TOTAL New 2317.9 2448.5 2472.2 2340.9 2242.6 
CENTRALLY-PLANNED 
ECONOMIES (CPEs) 
China 82 84.7 91.1 88 84.8 

USSR 399.6 419.2 427 449.3 445.1 
Others 126.3 130.4 134.2 133.5 128 

TOTAL CPEs 607.9 634.3 652.3 670.8 657.9 
TOTAL WORLD 2985.8 3082.8 3124.5 3011.7 2900.5 

Source: BP Statistical Review of World Energy, 1988 

1982 1983 1984 

28.4 27.3 28.5 
3.9 3.8 3.9 

32.3 31.1 32.4 
207.8 207.2 215.1 

1606.4 1583.1 1617.5 

1.6 1.6 1.7 
216.5 211 210 
103.2 115.2 108.5 

77.9 78.9 78.9 
45.6 46.4 50.4 

114.4 114.7 114.7 
559.2 567.8 564.2 

2165.6 2150.9 2181.7 

82.4 84.7 87.5 
452 446 445.2 

125.4 121.8 121.8 
659.8 652.5 654.5 

2825.4 2803.4 2836.2 

1985 1986 

27 28.2 
3.8 4 

30.8 32.2 
203.4 205.3 

1589 1644 

1.8 2 
209.7 215.3 
108.3 108.3 

82.1 81.8 
56.4 58.5 

110.7 119.1 
569 585 

2158 2229 

88.9 99.2 
445.8 447.2 
123.4 123.9 
658.1 670.3 

2816.1 2899.3 

1987 

28.5 
4.3 

32.8 
208.1 

1658.9 

2.2 
220.6 
109.6 

84.4 
61 

125 
602.8 

2261.7 

103.9 
449.2 
125.9 

679 
2940.7 

at:> 
W 
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percent of total world consumption and 75 percent of non-

Communist countries' consumption. Of the OECD countries, 

the United States is the single largest consumer. Total 

petroleum consumption increased to a total of 888.8 mmt by 

1978 before decreasing to a low of 705.5 mmt during the 

1982 recession. Since then, despite the recent economic 

slowdown, it has increased to a consumption level of 763.4 

mmt. US demand accounts for 25 percent of total world 

consumption and 34 percent of non-Communist use. Japan's 

strong economy makes it the second largest petroleum 

consuming country. Consumption peaked in 1979 at 265.1 

mmt, then began to decrease to 207.4 mmt by 1985. Even 

though the Japanese economy has gained rapidly throughout 

the eighties, Japan has only recently started to increase 

its total petroleum consumption. 

Although Japan is the second single largest consuming 

nation of petroleum products, the Western European 

countries as a whole constitute the second largest 

petroleum consumer. This is particularly important, since 

the European Economic Community with its unified market by 

1992, will have a buying power almost as strong as that of 

the United States2 • Acting as a unit, Western Europe may 

have more control over prices than it previously had. 

2. OEeD' s Western European members include all of the 
European Economic Community and some non-members. 
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Consumption increased to a high of 714.7 mmt in 1978, 

before it stabilized around 580 mmt around 1982. In 1987, 

Western Europe accounted for 20 percent of the world's 

petroleum consumption and 26 percent of non-Communist use. 

West Germany, with its strong economy and low 

inflation is Western Europe's largest petroleum consumer. 

Germany accounts for approximately 20 percent of Western 

Europe's total consumption. Like the rest of the world, 

Germany's total consumption increased till 1979 before 

decreasing. West Germany's current consumption is about 

120 mmt, a decrease of 20 mmt from its high in 1979. Until 

the early eighties, France was clearly the second largest 

European petroleum consumer. France reacted to OPEC's 1973 

price hike right away, decreasing petroleum consumption. 

After reaching a high of 127 mmt in 1973, consumption has 

steadily decreased to current levels of 85 mmt. 

Italy, currently tied with France as the second 

largest European consumer, also consumes about 85 mmt. 

Unlike France, Italy's consumption pattern more closely 

resembles that of Germany, decreasing in the early eighties 

then rising again. During the seventies, the Italian 

government chose to make Italy a refining center. As part 

of its efforts the Italian government put pressure on ENI, 

a quasi-government owned oil company, to increase its 

operations and on the electric generation industry to use 
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residual oil. Italy's consumption continued to increase to 

a high of 103 mmt by 1978. Following the 1979 price hike, 

the Italian economy fell into a recession and its petroleum 

consumption rapidly decreased. By the time the economy hit 

bottom in 1985, it had fallen to 85 mmt, where it has 

stabilized. 

The United Kingdom also recognized the importance of 

decreasing its petroleum consumption early in the 

seventies. Despite the development of its North Sea oil 

fields, the United Kingdom began to decrease its total 

petroleum consumption after OPEC's 1973 price increase. 

Consumption decreased from 1973' s high of 110.5 mmt to an 

average of 75 mmt starting in 19813 • The single largest 

decrease occurred around the time of OPEC's 1979 price 

shock, when the United Kingdom reduced total consumption by 

15 mmt. The decrease can be attributed partly to the 

slowdown of the British economy which was partly due to the 

country's conservative government policies, changes in 

petroleum product taxes, and because domestic product 

prices were allowed to rise, reflecting crude oil costs. 

3. The high level of British 1984 consumption (89.6 
million metric tons) was caused by a national coal strike 
which caused residual fuel oil to be substituted for coal. 
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2.2.1 Petroleum Product Consumption 

Consumers in a nation demand individual petroleum 

products, so to understand the decline in total petroleum 

consumption, it is necessary to see how the product mix (or 

slate) has changed4 • Table 2.2 shows the demand for four 

major categories of petroleum products in the world's major 

consuming areas for the years 1977 to 1987. The four 

petroleum product categories are gasolines (including 

aviation, motor gasolines and light distillate feedstocks), 

middle distillates, residual fuel oil, and other products. 

The world's major consumers - the united States, Japan 

and Western Europe show a consistent demand pattern, 

reflecting the similarities in petroleum consumption trends 

that their economies had. Gasoline and middle distillate 

demand peaked around 1978-79, before beginning to decline 

in the early eighties, as product prices reflected OPEC's 

crude oil price increases. By 1987, gasoline demand had 

returned to its 1979 level, because of gasoline's 

importance in the overall transportation system, because 

real product prices adjusted for inflation, exchange rates 

and decreases in crude oil prices had fallen, and because 

of difficulties in substituting other forms of energy in 

transportation. Middle ·distillates also began to recover 

as a result of lower prices and stronger economies, gaining 

4. Appendix A also provides a description of the product 
slate. 



Table 2.2: Petroleum Consumption, by Major Product Groups, Million Tons 

1977 1978 1979 1980 1981 

USA 
Gasolines 329.5 338.3 323.5 305.7 297.9 

Middle distillates 224.2 232.1 231.2 207.9 199.2 

Fuel oil 160.8 158.4 148.5 133 110.6 

Others 151.4 160 164.8 147.5 138.3 

Total 865.9 888.8 868 794.1 746 

CANADA 
Gasolines "29.8 31.7 33.8 32.2 31.3 
Middle distillates 26.8 27 27.1 27.5 25 
Fuel oil 15.8 15.6 15 14.2 11.2 
Others 13.2 12.6 14.2 13.7 14.2 

Total 85.6 86.9 90.1 87.6 81.7 
WESTERN EUROPE 
Gasolines 130.2 143.3 144.3 137.1 131.1 
Middle distillates 240.5 250.7 252.3 233 220.7 
Fuel Oil 220.6 217.2 223.5 203.4 179.3 
Others 90.6 88.8 94.6 91.3 87.3 

Total 681.9 700 714.7 664.8 618.4 

1982 1983 1984 

294.4 298.4 304.4 
186.6 189 200.9 

90.8 78.6 76 
133.7 138.9 145.6 
705.5 704.9 726.9 

28.4 27.3 27.2 
23.1 21.6 22 

9.8 7.7 6.8 
11.6 11.6 10.7 
72.9 68.2 66.7 

132 135.2 135.5 
211.7 213.1 221.3 
158.4 135.2 128.5 

85.8 88.2 91.1 
587.9 571.7 576.4 

1985 1986 

305.4 314.3 
204.8 213.5 

67.3 78.2 
144.2 145.3 
721.7 751.3 

27.7 27.3 
22.2 21.6 
5.6 6.2 

13 13 
68.5 68.1 

135.6 142 
223.9 234.8 
117.9 118.5 

87.2 91.8 
564.6 587.1 

1987 

324.1 
216.1 

68.6 
154.6 
763.4 

27.5 
21.8 

6.7 

13.4 
69.4 

144.5 
236.3 
111.5 

92.9 
585.2 

~ 
CD 



Table 2.2: Petroleum Consumption, by Major Product Groups, Million Tons (Continued) 

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

JAPAN 
Gaso1ines 44.6 45.7 46.2 42.1 39.8 38.6 39.5 40.6 40.8 42.3 44 

Middle distillates 55.7 60.2 61.5 59.9 60.6 58 59.6 64.2 63.6 66.6 69 

Fuel Oil 128.9 124.5 123.7 103.5 91.2 78.8 76.4 75.4 62.4 59.2 57 

Others 31.2 32.3 33.7 32.2 32.3 32.4 31. 7 34.9 36.6 37.2 38.1 

Total 260.4 262.7 265.1 237.7 223.9 207.8 207.2 215.1 203.4 205.3 208.1 

AUSTRALASIA 
Gasollnes 12.6 12.8 13.1 12.9 13.1 13.4 13.1 13.5 13.5 13.4 13.6 

Middle distillates 10.6 10.5 10.6 10.2 9.8 10.1 9.6 10.2 10.4 10.9 11.3 

Fuel Oil 7.2 7 7.1 6 5.6 4.4 3.8 3.8 2.9 2.6 2.4 

Others 5.1 4.9 4.8 4.8 4.7 4.4 4.6 4.9 4 5.3 5.5 
Total 35.5 35.2 35.6 33.9 33.2 32.3 31.1 32.4 30.8 32.2 32.8 

REST OF New 
Gasolines 75.4 79.6 87.9 92.5 96 99.7 99.8 99.1 105.2 106.3 110.2 
Middle distillates 150.5 159.1 161.4 170.2 178.1 190.2 196.9 197.2 201.9 208.1 216.6 
Fuel Oil 159.6 169.2 181.4 188.5 190.8 191.3 190.7 185.2 181.4 184.7 188 
Others 63.1 67 68 71.6 74.5 78 80.4 82.7 80.5 85.9 88 

Total 448.6 474.9 498.7 522.8 539.4 559.2 567.8 564.2 569 585 602.8 
TOTAL New 
Gasolines 622.1 651.4 648.8 622.5 609.2 606.5 613.3 620.3 628.2 645.6 663.9 
Middle distillates 708.3 739.6 744.1 708.7 693.4 679.7 689.8 715.8 726.8 755.5 771.1 
Fuel Oil 692.9 691.9 699.2 648.6 588.7 533.5 492.4 475.7 437.5 449.4 434.2 
Others 354.6 365.6 380.1 361.1 351.3 345.9 355.4 369.9 365.5 378.5 392.5 

Total 2377.9 2448.5 2472.2 2340.9 2242.6 2165.6 2150.9 2181.7 2158 2229 2261.7 

Source: BP Statistical Review of World Energy, 1988. 
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more than half its losses since the late seventies 

consumption. Demand for 'Others', a catch-all for all 

other petroleum products, has followed the same demand 

pattern as middle distillates, recovering a majority of its 

decrease. 

The greatest change in demand occurred in residual 

fuel oil, which accounts for most of the decrease in total 

petroleum consumption by the industrial nations. Of the 

major petroleum products demanded, residual fuel oil is the 

heaviest containing the largest number of Btu's by weight. 

Its most common use is as a boiler fuel for industry and in 

the production of electricity. The availability of low 

cost alternative fuel for electric generation has made it 

highly sensitive to price increases. The United States, 

Japan, West Germany and most industrial nations established 

government policies to encourage diversification of energy 

inputs fqllowing OPEC's 1973 price hike. France adopted a 

policy of becoming Europe's primary supplier of nuclear 

energy by increasing its nuclear power plant capacity from 

6.4 mtoe to 53.4 mtoe5 . Japan also significantly increased 

its nuclear capacity during the period to 46.1 mtoe from 

12.7 mtoe. Of the major petroleum users, only Italy 

continued its policy of using residual fuel oil as a 

5. Million tonnes of oil equivalent. 
Review for a specific definition. 

See BP Statistical 
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primary energy source for electricity 6. More recently, 

Italy has been increasing its consumption of natural gas up 

to 32.2 mtoe in 1987 from 22.5 mtoe in 1978, substituting 

for residual fuel oil consumption. The United" States 

decreased residual fuel oil consumption over 55 percent, 

from 158.4 mmt in 1978 to 68.9 mmt in 1987. Japan 

decreased its residual fuel oil consumption by a greater 

percentage, nearly 73 percent, from 128.9 mmt to 57 mmt. 

In Western Europe residual fuel oil decreased close to 50 

percent, from 217.2 mmt to 111.5 mmt. 

This practice by industrial countries has decreased 

total residual fuel demand and changed the overall product 

mix more from heavy toward light products. Figure 2.1 

compares the 1978 and 1987 world total product consumption 

mix. 

2.2.2 Domestic Product Market Structure 

Domestic consumption and the supply of products to the 

individual markets are a function of the competitiveness of 

the individual product markets and the degree to which 

domestic prices are free of intervention. Market 

intervention and government regulations distort the demand 

patterns of consumers, both industrial and residential, by 

artificially controlling the price paid for each product. 

6. This policy is discussed in the World Coal Study 
(1981) . 
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Also, if competition in product supply is limited, 

refineries and wholesalers do not have incentives to adjust 

their product slates to meet demand. Their investment 

behavior and supply decisions will be influenced by the 

dictates of the local authorities instead of the 

marketplace. 

In his study of eleven OECD members' product prices, 

Krapels (1982 ) analyzed the effects of government 

regulations on the competitiveness of the local end-user 

product markets and the degree to which local refineries 

faced competition in the supply of products. Government 

regulations range from simple taxation of products to 

complete control of the size of price changes, distribution 

of the changes across individual products and the timing of 

the changes. Regulations can be placed on the product 

itself or on the crude oil input. Four systems of 

government regulations were identified, each exerting 

different degrees of control on the market place. 

are: 

They 

1. Price Control by Administered Prices - Government 

product price regulation is defined by fiat, without 

explicitly basing controls on world markets. Most 

developing and many industrial countries fall under this 

form of regulation because it is easier for the government 

to control who receives the benefits from the controlled 
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price. The degree of government intervention can vary from 

only guidance as in Japan to price ceilings and 

administered price changes in Sweden. Italy and France 

fall between. Krapels points out that some countries (like 

Italy) have a very loose system of price controls and allow 

the refinery industry to compete in any market, domestic or 

foreign, in order to maximize their profits. 

2. Price Control by Mathematical Formula - Based on 

spot prices, price controls are determined by a 

mathematical formula for the individual products. All 

price changes, timing and distributions are incorporated in 

the formulae. The Netherlands and Belgium follow this form 

of regulation to minimize the effect of spot price changes 

on the domestic economy. 

3. Crude Oil Price Controls - The product market is 

controlled by regulating the price of crude oil inputs. 

The incidence of governmental price regulation is not on 

the product market, but on the input market so refiners can 

still use the market mechanism to determine final consumer 

demand patterns. 

4. Minimum Government Intervention Government 

price controls are kept to a minimum. There is no explicit 

regulation that applies to all products or crude oil. 

Prices are set by the refiners. Fluctuations are not 

controlled. The governments may tax product but the size 
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of the price change, the distribution of taxes and the 

timing of price controls vary across product. Of the 

industrial nations, only the United Kingdom, West Germany 

and the United States practice minimum government 

intervention. 

Krapels concluded that countries with the least amount of 

price controls had the most competitive product markets and 

refinery industries. The less the controls, the more 

product suppliers were able to supply the market with low-

cost products. Local refineries had to compete with 

product brokers, who sold spot products. Even if local 

prices were regulated, if the refinery industry was allowed 

to compete internationally, local markets tended to have 

the lower cost product, because the refineries can maximize 

profits by optimizing their product mix. This is the case 

of Italy. 

2.3 World Refinery Industry 

Meeting petroleum product consumption is dependent on 

the world refinery industry's ability to produce the 

demanded product slate. In simple terms, the refinery 

industry takes a single variable input, crude oil, and 

manufactures a variety of petroleum co-products? The co-

7. The refining process is highly complex, . requiring 
numerous inputs. For the purposes of this description only 
crude oil inputs are important, since they are the primary 
ingredient needed to produce products. 
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product mix is known as the refinery product slate 

(discussed below in Chapter Four). The final product slate 

manufactured by all refineries must satisfy total demand 

while still optimizing the refinery industry I s returns8. 

Increased production of one product must be weighed against 

its effects on the supply and price of the other petroleum 

product markets. 

For the refinery industry to process just enough 

products to satisfy world demand without glutting the 

markets, it must meet two conditions. First, the industry 

has to have the distillation capacity to process an amount 

of crude oil equal to product demand. That is, for the 

refinery industry to meet total world product demand, it 

must be able to process at least the same number of barrels 

of crude oil to equal the demand for all products combined. 

Second, the industry must have the technical sophistication 

to use petroleum products as feedstock to manufacture other 

petroleum products that are in higher demand. That is, the 

refinery I S downstream capital equipment must be flexible 

enough to accept different types of hydrocarbon inputs so 

it can produce the output product slate which closely 

8. No judgement call is made on whether the refinery 
industry is interested in maximizing profit, product 
throughput or any other objective function. Each refinery 
must satisfy the objectives of its owner, whether the owner 
is a for-profit company or a government interested 
primarily in providing its citizen with a steady supply of 
products. 
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reflects the demanded product slate. By combining both 

conditions, the refinery industry will optimize its returns 

by not overproducing products in one market while trying to 

satisfy demand in another market. In the past, when crude 

oil prices were relatively low and petroleum product 

markets were expanding, the refinery industry was able to 

substitute among different quality crude oils to meet 

changing demand patterns~ When the supply of one co-

product exceeded its demand, the industry would try to 

enter into long-term sales agreements thereby mitigating 

any price drops. This was particularly true in the 

residual fuel oil market and electric generation9. Once 

the demanded product slate deviated beyond the refinery 

industry's ability to substitute among crude oils, this 

condi tion became more important. With declining residual 

fuel oil demand, the refinery industry must have the 

ability to upgrade heavier crude oils and petroleum 

products, particularly residual fuel oil, into more valued 

lighter products, thereby supplying a product slate close 

to the one demanded10 • 

9. The residual fuel oil market was generally used as the 
swing market by refineries. Long-term contracts were 
entered into to guarantee the sale of residual fuel oil to 
end-users. 
10. If the refinery industry were strictly a for-profit 
industry, these conditions would be the industry's 
necessary and sufficient conditions. The necessary 
condition for profit maximization is that the refinery 
industry have the distillation capacity to refine the same 
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2.3.1 Crude Distillation Capacity 

As a whole, the world refinery industry has had little 

difficulty meeting the first conditionll . Refineries tend 

to keep their distillation capacity greater than that 

necessary to meet demand at any given time. There are four 

basic reasons for this: 1) The distillation process is the 

first and lowest-cost process needed to produce petroleum 

products. Crude oil must first be distilled before it can 

be further processed into a finished products12 ; 2) In 

general, the most economically efficient point to operate a 

refinery is between 85 - 90 percent of name-plate capacity. 

Thus, the refinery can always increase crude oil inputs if 

the market warrants such an action; 3) As the industry 

has invested in newer, more complex refineries, the 

distillation capacity of older refineries has remained 

operational, and 4) The lag time needed to build a 

refinery is about five years. The petroleum firms have to 

plan ahead to meet future demand. 

volume of crude oil as demanded in products. The 
sufficient condition is that the industry has the technical 
capacity to alter the product slate until the marginal 
return from each product produced is equal to the 
distribution marginal cost of producing the product. 
11. A distinction is made between the world's distillation 
capacity and that of nations. Although a particular nation 
may have not have the distillation capacity to meet its 
national demand, another one will. 
12. Some crude oils, particularly low API crude oils, have 
been and are burned directly. 
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The world's refinery distillation capacity in thousand 

of barrels daily is presented in Table 2.3 for the years 

1977 to 1987. The world as a whole has experienced a 

decline in total refining capacity, dropping 7.8 million 

barrels from its high of 81,675 million barrels in 1981. 

The industrial nations have experienced the greatest 

decrease in total distillation capacity as they adjust to 

the decreased demand for heavier petroleum products. In 

the United States, capacity has dropped over 2.6 million 

daily barrels since 1981. Over half the decrease occurred 

in 1982 when 1.4 million barrels of capacity were closed 

after the United States Congress eliminated the entitlement 
, 

program which subsidized small refineries. Western 

Europe's capacity decreases were even greater, from a high 

of 20.4 million barrels daily in 1978 to 14 million barrels 

in 1987. There are many reasons for the decrease in 

capacity. The discussion above on Krapels (1982) points 

out a few of the major reasons. Another reason for this 

large decrease is the area's dependence on large, 

technically simple refineries whose output product slate 

was controlled by distillation factors. Since the end of 

World War II, European governments have controlled product 

demand by regulating prices and taxes. Although products 

were regulated to protect domestic industry, particularly 

coal mining, the regulations kept the demanded product 



Table 2.3: World Refinery Distillation Capacity, Thousand 

Barrel per Calender Day 

1917 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

NORTH AMERICA 
USA 16945 17375 17920 18250 18290 16860 15865 15660 15460 15~60 15695 

Canada 2220 2340 2315 2150 2155 2260 2025 2015 2075 2080 2050 

TOTAL 19165 19715 20235 20400 20445 19120 17890 17675 17535 17540 17745 

LATIN AMERICA 

Argentina 660 660 660 690 690 690 690 680 665 670 690 

Brazil 1175 1230 1230 1375 1530 1530 1400 1305 1305 1320 1405 

Mexico 975 990 1340 1475 1525 1620 1630 1680 1790 1790 1790 

Netherlands Antilles 840 840 840 840 780 780 780 740 320 320 320 

Trinidad 465 465 465 455 455 375 375 320 260 300 300 

Venezuela 1445 1445 1445 1425 1405 1360 1225 1225 1230 1225 1200 

Others 2480 2545 2645 2580 2520 2380 2205 1980 1695 1715 1715 

TOTAL 8040 8175 8625 8840 8905 8735 8305 7930 7265 7340 7420 

WESTERN EUROPE 

Belgium 1055 1030 1020 1020 965 720 720 720 720 710 705 

France 3465 3445 3420 3320 3230 2745 2370 2190 2175 2040 1900 

Italy 4270 4205 4205 4140 3990 3500 3365 2745 2585 2555 2480 

Netherlands 1835 1815 1815 1175 1175 1590 1610 1435 1380 1380 1380 

Spain 1210 1375 1475 1425 1550 1550 1440 1440 1440 1420 1420 

United Kingdom 2655 2515 2460 2460 2360 2135 2105 1935 1865 1835 1820 

West Germany 3065 3090 3040 3095 2955 2520 2280 2115 1750 1680 1585 

Others 2630 2880 2665 2820 2830 2945 2745 2705 2750 2710 2720 

TOTAL 20185 20355 20100 20055 19655 11705 16635 15285 14665 14330 14010 

MIDDLE EAST 
Bahrain 250 250 250 250 250 250 250 250 250 250 250 

Iran 965 1045 1045 1225 625 625 600 530 530 530 530 

m 
0 



Table 2.3: world Refinery Distillation Capacity, Thousand 

Barrel per Calender Day (Continued) 

1971 1978 1979 1980 1981 

Iraq 185 230 265 265 265 

Kuwait 575 575 575 575 530 

saudi Arabia 630 635 635 495 660 

Others 640 640 770 755 920 

TOTAL 3245 3375 3540 3565 3250 

AFRICA 1505 1730 2000 2060 2035 

ASIA , AUSTRALASIA 

Japan 5285 5285 5285 5675 5675 

Indonesia 525 535 535 515 515 

Singapore. 1040 1040 1040 1020 1020 

Other southeast Asia 1570 1650 1810 1890 1940 

south Asia 785 825 825 870 885 

Australasia 760 785 800 810 815 

TOTAL 9965 10120 10295 10780 10850 

TOTAL NCW 62105 63470 64795 65700 65140 
CENTRALLY-PLANNED 
ECONOMIES (CPEs) 
China 1600 1800 1900 1900 1810 
USSR 9600 10000 10500 10700 11600 
Others 2575 2715 2825 2910 3125 

TOTAL 13715 14575 15225 15510 16535 
TOTAL WORLD 75880 78045 80020 81210 81675 

Source: BP Statistical Review of World Energy, 1988 

1982 1983 1984 

265 200 300 
545 590 590 
865 865 865 

1015 1055 980 
3565 3560 3515 

2355 2340 2540 

5500 4975 4975 

515 760 760 

1020 1020 1020 
1940 1940 2120 

995 1020 995 
815 815 785 

10785 10530 10655 
62265 59260 57600 

2000 2050 2150 
11750 12000 12000 

3170 3170 3170 
16920 17220 17320 
79185 76480 74920 

1985 1986 

320 320 
630 620 

1115 1125 
965 1005 

3810 3850 

2555 2550 

4975 4705 

780 780 

1020 960 
2005 2105 

1150 1225 
705 740 

10635 10515 
56465 56125 

2150 2170 
12000 12260 

3170 3265 
17320 17695 
73785 73820 

1987 

320 
630 

1375 

1015 
4120 

2630 

4505 
780 

860 
2105 

1295 
730 

10275 

56200 

2230 
12260 

3390 
17880 
74080 

m 
I-' 
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slate close to crude oil's naturally occurring one. This 

kept refining costs relatively low and guaranteed that 

demand matched production capacity over the aggregate 

Western European market. As the demanded product mix 

changed, the Western European refinery industry closed much 

of its non-competitive distillation capacity. 

Japan's capacity decreases were small compared with 

the other industrial countries, dropping to 4.7 million 

barrels daily from 5.7 million. The decrease can be 

attributed to Japan's strong economy, government oversight 

in the petroleum industry, and the increased demand from 

the general growth in the Asian economies. 

While the industrial nations were closing distillation 

capacity, other countries were increasing it. Economic 

growth in countries like Korea and Taiwan contributed to 

their region's 

barrels daily. 

increase in capacity of over five million 

Oil producing countries were also adding 

capacity. The Middle East countries and Indonesia, in an 

effort to increase revenues by capturing downstream 

profits, increased capacity by 745 and 205 thousand barrels 

daily, respectively. The increased capacity has 

intensified competition in the international product 

markets as oil producers market their excess product 

abroad. 
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The refinery industry uses a statistic known as 

distillation capacity utilization rate (or utilization 

rate) to measure how much of a distillation unit is 

actually used. The utilization rate is calculated by 

dividing the refinery's throughput by the distillation 

unit's rated capacity. Refinery throughput is the actual 

amount of crude oil the refinery distillation unit 

processed during the period and is shown in Table 2.4. 

Refinery throughput and utilization rates are presented in 

Table 2.5 for the three major consuming regions and the 

rest of the world. Figure 2.2 shows the world, US, 

Japanese and Western European utilization rates. The 

United States' utilization rates were the highest among the 

world's major industrial countries close to 85 percent for 

most of the period. During the 1982 recession, capacity 

utilization dropped to just under 70 percent but quickly 

recovered. While some of the recovery can be attributed to 

the closing of many small refineries, most of it came from 

oil companies finding it profitable to close down excess 

capacity rather than keep it open. 

Japan experienced high utilization rates at the 

beginning of the period, but quickly fell to 60 percent by 

1978. Recovery has been slow with throughput being only 65 

percent of capacity over the last three years. The slow 

recovery has been caused by the Japanese government's 



Table 2.4: World Refinery Distillation Throughtput, by Major Refining Regions, Thousand 

Barrels per Calender Day 

1977 1978 1979 1980 1981 1982 1983 

USA 14625 14780 14465 13520 12470 11775 11685 

Canada 1805 1820 1960 2085 1945 1650 1545 

Latin America 5715 5975 6220 6460 6575 6080 5825 

Western Europe 12775 12855 13665 12330 10970 10075 9710 

Middle East 2240 2535 2365 2445 2205 2245 2515 

Africa 1165 1280 1355 1460 1525 1735 1920 

Japan 4285 4240 4340 4015 3630 3360 3255 

Southeast Asia 2030 2330 2450 2370 2480 2335 2380 
South Asia 605 645 675 705 795 840 880 

Australasia 680 690 700 640 655 625 605 
Total NCW 45925 47150 48195 46030 43250 40720 40320 

Centrally-planneD 
Economies (CPEs) 11930 12075 13230 13230 13420 13575 13675 

TOTAL WORLD 57855 60025 61425 59350 56670 54295 53995 

Source: BP Statistical Review of Norld Energy, 1980 

1984 1985 

12045 12005 
1570 1495 
5715 5450 
9790 9490 

2665 2795 
1975 2015 
3355 3120 
2455 2650 
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41070 40620 
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54955 54785 
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12715 
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5480 
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2095 
2990 
2765 
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42240 
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Table 2.5: Refinery Distillation Capacity, Throughput and Capacity 
Utilization Rates, for Selected Areas and the World, 
1977 - 1987, Thousand Barrels per Calender Day 

USA Western Europe Japan Rest of World 
Through Uti!. Through Uti!. Through Util. Through Uti!. 

World 
Through 

Capacity put Rate Capacity put Rate Capacity put Rate Capacity put Rate Capacity put 

1977 16945 14625 86.3' 20185 12115 63.3' 5285 4285 81.U 33465 26110 18.2' 15880 51855 

1918 11315 14180 85.1 20355 12855 63.2 5285 4240 80.2 35030 28150 80.4 18045 60025 

1919 11920 14465 80.1 20100 13665 68.0 5285 4340 82.1 36115 28955 18.9 80020 61425 

1980 18250 13520 14.1 20055 12330 6l.5 5615 4015 10.1 31230 29485 19.2 81210 59350 

1981 18290 12410 68.2 19655 10910 55.8 5615 3630 64.0 38055 29600 77.8 81615 56610 

1982 16860 11775 69.8 11105 10015 56.9 5500 3360 61.1 39120 29085 14.3 19185 54295 

1983 15865 11685 13.1 16635 9110 58.4 4915 3255 65.4 39005 29345 15.2 16480 53995 

1984 15660 12045 16.9 15285 9190 64.0 4915 3355 61.4 39000 29165 76.3 74920 54955 

1985 15460 12005 17.7 14665 9490 64.7 4915 3120 62.1 38685 30110 78.0 13185 54185 

1986 15460 12115 82.2 14330 10060 10.2 4105 2990 63.5 39325 30915 18.8 13820 56740 

1987 15695 12855 81.9 14010 9195 69.9 4505 2910 64.6 39810 31440 18.9 74080 51000 

Source: BP Statistical Review of World Energy. 1988 
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regulation of the industry, which thus far has not allowed 

local refineries to close excess capacity quickly. 

Western Europe's refinery industry is in the worst 

condition of all industrial regions. Until recently, it 

operated at between 55 percent to 65 percent of its 

distillation capacity during most of the period. Even the 

closure of over five million barrels daily has not allowed 

the European refineries to significantly increase capacity 

utilization as throughput continues to drop. The 

industry's difficulties are mainly due to local 

government's pressuring refineries to stay open, a slow 

recovery of Europe's economy, and competition in the 

product markets from non-European refineries. Recent 

closures of distillation capacity have caused the 

utilization rates to increase to 70 percent. 

2.3.2 Downstream Refinery Capacity 

With the market demanding a lighter product slate from 

the reduced distillation capacity, the refinery industry 

has been forced to increase its downstream "upgrading 

processing capacity. Downstream processes designed to 

upgrade heavier crude. oils and products into lighter, more 

valuable products can be classified into two types of 

units: catalytic crackers and hydro cracking processes. 

Catalytic crackers are older and less efficient, but the 
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cost of cracking residual fuel oil and reduced crude is 

relatively low13 • Hydrocracking is considered a very 

versatile process that produces a better balance of 

gasoline and distillates, a higher gasoline and octane 

yield, and is able to use almost any type of feedstock. It 

is more expensive than other units because it requires the 

presence of hydrogen to produce lighter products. While 

the hydrocracker is more efficient than the catalytic 

crackers, Gary (1975) points out that both units are 

ideally used together14 • The refinery industry's 

investment in both types of processes provides a rough 

estimate of the industry's ability to produce a lighter 

product slate15 • 

The Uni ted States began to invest heavily in 

downstream capacity in the fifties and early sixties, when 

first voluntary and later mandatory import quotas were 

placed on foreign crude oil yielding domestic prices higher 

than foreign prices. The refinery industry (free of 

government intervention) reacted to the American public's 

demand for a light product slate. They had incentive to 

13. Recent developments in catalysts have increased the 
efficiency of catalytic. cracking units, making them more 
competitive with hydrocracking. See DeCroocq (1984) and 
Wojciechowski (1986). 
14. For a description of the different processes see Gary 
(1975) or Speight (1986). 
15. Coking processes can also be used to produce a lighter 
product slate. 
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substitute capital for crude oil, thereby upgrading crude 

oil to a lighter product slate while importing residual 

oil. Following the removal of price controls in 1981, the 

us refinery industry continued to increase its complexity 

by further investing in downstream capacity. This occurred 

despite increases in distillation capacity in the 1970s due 

to government subsidies. From 1980 to 1987 the industry 

increased hydro cracking capacity by 274,000 barrels per 

day. Coupled with the decrease in distillation capacity, 

this increased the hydro cracking to distillation ratio from 

5 percent to 8 percent. During the same period us 

catalytic cracking capacity decreased by about the same 

amount. See Table 2.6 for the united States' refinery 

capital structure. 

The rest of the world has lagged far behind the united 

States in downstream capacity. The major refining 

countries of Western Europe did not invest in downstream 

capacity because local governments controlled demand by 

regulating product prices and gasoline demand was smaller 

due to different consumption patterns. As crude oil prices 

increased and Europe's demanded product slate became 

lighter, the industry was induced to invest in downstream 

upgrading capacity. For the world, excluding the US, 

catalytic cracking capacity increased by nearly fifty 

percent, from 2.8 million barrels per calender day (b/cd) 



Table 2.6: Refinery Capital Structure, 

Major Downstream Units, United States 

Charge Capacity, blcd 

crude vacuum thermal catalytic 

year plants blcd distillation operation crading 

1980 297 17,790,844 6,695,862 1,556,425 6,122,100 

1991 303 18,465,399 6,996,660 1,600,059 6,401,833 

1992 273 17,669,442 6,937,710 1,703,050 6,324,365 

1993 225 16,157,161 6,976,990 1,550,850 5,999,475 

1984 220 15,892,883 7,015,590 1,737,450 5,906,700 

1985 191 15,136,262 6,805,481 1,810,100 5,781,283 

1986 189 15,258,214 6,773,919 1,847,750 5,778,800 

1987 187 15,298,274 6,808,145 1,883,250 5,838,475 

Dlff. 

1980-87 (100) (2,502,570) 122,283 326,825 (293,625) 

Source: Oil , Gas Journal, Annual Refinery Report, various issues 

catalytic catalytic 

reforming hydrocrack 
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to 4.2 million bl cd. Hydrocracking capacity increased by 

an even greater amount, just under 200 percent. Capacity 

grew from just 0.4 million blcd to over 1.1 million b/cd. 

Most of the increased capacity occurred in the OECD member 

countries16 • See Table 2.7 for the structure of the 

world's refinery industry, excluding the United States. 

2.4 International Petroleum Trade Flows 

International petroleum trade flows occur when the 

location of petroleum product consumption does not coincide 

with petroleum production, requiring it to cross a national 

boundary. The total volume of petroleum trade will be 

determined by the total demand for petroleum products and 

the location of crude oil production, refining and demand. 

The greater the demand for petroleum products by countries 

that do not have crude oil production, the greater the 

volume of petroleum trade. Only petroleum domestically 

produced and processed will not enter trade flows. 

Trade flows differ from petroleum consumption since 

they measure only the amount of petroleum which enters the 

country from foreign sources. Traded petroleum may be 

consumed locally or re-exported to another country after 

16. The Oil & Gas Journal provides a description of every 
refinery in the world along with their downstream units. 
US refineries are usually described during March, while the 
rest of the world's refineries are described in the year's 
last issue. 



Table 2.7: Refinery Capital Structure, Major 

Downstream Units, World excludinq United States 

• 

Charqe Capacity, blcd 

crude vacuum thermal catalytic catalytic catalytic 

year plants blcd dlstUlation operation craclt1nq reforminq hydrocraclc 

1980 503 59,570,781 9,195,799 1,662,273 2,807,393 4,494,479 396,744 

1981 440 45,058,775 9,652,244 2,090,459 2,889,730 4,477,693 505,614 

1982 438 46,611,928 10,100,010 2,469,879 3,235,044 4,664,503 527,757 

1983 421 42,066,954 10,071,537 2,737,566 3,309,199 4,426,772 482,496 

1984 447 42,695,232 10,694,721 2,913,263 3,989,840 4,734,661 618,121 

1985 438 42,465,908 11,116,369 3,200,472 4,068,553 4,734,149 792,516 

1986 428 40,144,614 11,043,231 2,974,906 4,108,267 4,728,458 966,908 

1987 422 40,116,443 11,350,537 3,079,002 4,177,488 4,656,348 1,114,640 

DiU. 

1980-87 (81) (19,454,338) 2,154,738 1,416,729 1,370,095 161,869 717,896 

1/ 1981 vas the first year Oil , Gas Journal separated the hydro re!1ninq and hydro treatinq. 

In 1982 some of the hydro refininq vas redefined to hydro treatinq, chanqinq their values. 

Source: Oil , Gas Journal, Annual World Report, various issues 
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being processed, altered or simply stored. Using only 

traded petroleum data to analyze crude oil flows tends to 

distort the overall flow of petroleum, especially since all 

crude oil prices are denominated in US dollars thereby 

being affected by international financial markets. 

Economists like Brown and Philips (1984) and Marquez 

(1986), by only modeling crude oil trade flows, exclude a 

portion of petroleum, i. e. , domestic crude oil 

production17 • 

Table 2.8 shows total petroleum imports and exports 

for the world I s major trade areas for the years 1978 to 

1987 18 • During this period, petroleum imports accounted 

for between 25 to 30 percent of total consumption. Trade 

flow patterns follow the same basic pattern as total 

consumption, peaking at 35.4 million barrels daily in 1979, 

before declining to just over 24.1 million barrels daily. 

Figure 2.3 shows the comparison of total consumption and 

petroleum imports for the major consuming areas of the 

United States, Japan and Western Europe for 1978 and 1987. 

Japan has imported virtually all its petroleum needs during 

the period. Western Europe has gone from being totally 

17. Brown and Philips even exclude petroleum product 
flows, which further distorts the overall picture. See the 
literature review in chapter 1, section 1.4. 
18. The table is in thousand barrels per day. Without the 
actual data, the table cannot be directly translated into 
metric tons. 



Table 2.8: International Petroleum Trade Movements by Major Region, 

Imports and Exports, Thousand Barrels Daily 

1977 1978 1979 1980 1981 

IMPORTS 

USA 8710 8225 8410 6735 5950 

Western Europe 13295 13090 13080 11825 10245 

Japan 5510 5335 5605 4985 4460 

Rest of World 7240 7400 8255 8390 8000 

TOTAL WORLD 34755 34050 35350 31935 28655 

EXPORTS 

USA 250 365 485 555 605 

canada 540 445 455 445 455 

Latin America 3115 3400 3645 3885 4380 

Middle East 20730 19730 20435 17510 14605 

North Africa 3295 3370 3425 2820 2175 

West Africa 2370 2115 2645 2475 1730 

Southeast Asia 1915 1790 1915 1705 1660 

USSR, E. Europe , China 1975 2200 1740 2005 2195 
Rest of World 565 635 605 535 850 

TOTAL WORLD 34755 34050 35350 31935 28655 

Source: SP Statistical Review of World Energy, 1988 
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dependent on imported petroleum to importing under 65 

percent of its needs. This is due to the extensive 

development of "the North Sea fields by the United Kingdom 

and Norway. The US decreased its dependency on imported 

petroleum from 45 percent to 33 percent over the period. 

There are two types of international petroleum flows: 

crude oil and petroleum products. Crude oil flows show the 

international trade of crude oil from the original point of 

production to a refinery, where it is processed into 

numerous products. These trade flows traditionally do not 

include crude oil which is domestically processed or crude 

oil that temporarily enters a country without its title 

being transferred19 • Petroleum products flows show the 

international trade of products from the refinery, were it 

is refined, to the point of final consumption20 . Product 

19. Crude oil that enters a country only temporarily is 
considered to be in transit, so it is not counted as 
entering a country. This is important for countries that 
share production facilities in crude oil fields, such as 
the United Kingdom and Norway. Some North Sea production 
which belongs to Norway temporarily enters the United 
Kingdom before going on to its final destination. While 
physically entering the United Kingdom, the crude oil is 
considered to be produced by one country, Norway, and 
ending up in another, say France. 
20. Another form of crude oil trade flow which involves 
the product flows is contract processing. Contract 
processing is defined as the refining of crude oil by a 
refinery without taking title to the crude oil. 
Statistically, the crude oil is said to go from production 
to end-use, without being processed domestically. The 
amount of contract processing is low and only affects major 
refining centers like Singapore and the United Kingdom. 
For the purposes of this study, it will be ignored. 
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imports are usually imported for local consumption and not 

re-export21 • Locally produced crude oil and product never 

enter trade flow data22 • 

Historically, crude oil tends to dominate petroleum 

trade flow data because it was easier and more economical 

to transport over long distances23 . Refineries were built 

close to demand centers, supplying the nation's product 

needs and importing the crude oil necessary to produce the 

products. Some countries (like the Netherlands, Italy and 

Singapore) became refining centers because of their 

location. They would produce products for local and 

international demand, selling to countries which lacked 

sufficient refining capacity to supply their own needs. 

Product imports are beginning to play an increasing 

role in international petroleum markets. The reasons for 

the increase can be grouped into four general categories, 

which all relate to the productive capabilities of the 

world's refinery industry. First, most industrial nations 

are consuming a lighter product slate. Local refineries 

21. The exception to this is the Netherlands which imports 
more products than it consumes annually. As a seller of 
spot products, much of its imports are for resale. 
22. The sum of crude oil and product trade flows may 
exceed the traded petroleum because of double counting. 
23. The location of a refinery is a complicated process 
that is determined by the future demand for the products 
and the cost of transporting crude oil inputs and product 
outputs. A whole discipline has evolved around how to 
locate a refinery. 
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have not been able to economically produce the demanded 

product slate despite their increased complexity. This has 

caused local wholesalers to import more products to meet 

demand. Next, the increased complexity of the refineries, 

while reducing input supply risks, has increased the cost 

of producing a marginal barrel of product, offsetting some 

of the gains they might have received from being able to 

use lower cost inputs. The increased cost has made it more 

economical to compete with local suppliers. Foreign 

refiners, particularly those operating larger, simple 

refineries, are able to afford to supply products at a 

lower cost than domestic refineries while still covering 

the higher transportation costs. This happened because of 

economies of scale in refining and a high marginal product 

price. Third, major crude oil supplying nations are 

vertically integrating downstream into the refinery 

industry. The new crude oil capacities they build near 

their crude oil production tends to be simple, low-cost 

operations. In an effort to capture more downstream 

profits, these countries are selling lower cost products to 

other markets and buying refinery capacity. Finally, 

European countries have increased trade with each other to 

balance off products from their simpler refineries and 

changing product demands. This has been stimulated by the 

relaxation of intra-European trade barriers. 
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As long as the local refinery industry can profitably 

produce the demanded product slate, crude oil will continue 

to be imported into the major consuming nations. As more 

nations are forced to close down expensive, unproductive 

refinery capacity, crude oil trade will decrease. 

Petroleum products will play a greater role in 

international trade as foreign refineries supply a greater 

share of the demanded products. 

Crude oil's dominance of petroleum flows and the 

increased importance of product imports are seen in Table 

2.9. Crude oil is still the major petroleum flow, although 

products now account for about 30 percent of imports. west 

Germany has traditionally been more dependent on imported 

products than any other industrial country in Europe. In 

1978, when the rest of the European countries' share 

accounted for only 10 percent of total imports, Germany's 

share was three times as high at 34 percent. As total 

petroleum consumption decreased in the eighties, most of 

the decreases came at the expense of crude oil imports 

which have been declining steadily since 1979. Product 

imports dropped initially, then quickly recovered to their 

highest levels. The increase in product imports can be 

attributed to the German refinery industry's drop in 

distillation capacity and the country's proximity to two 

large refining centers, the Netherlands and the United 



Table 2.9: Petroleum Imports, by Crude Oil and Petroleum Products, for Selected Countries, Million Tonnes 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

FRANCE 

PETROLEUM IMPORTS, TOTAL 124,387 137,556 129,232 108,894 99,729 92,575 94,809 92,505 93,286 94,914 

CRUDE OIL IMPORTS 115,093 125,896 112,495 90,289 76,290 68,041 69,982 67,175 64,963 60,856 

, total imports 93 92 87 83 76 73 74 73 70 64 

PRODUCT IMPORTS 9,294 11,660 16,737 18,605 23,439 24,534 24,827 25,330 28,323 34,058 

, total imports 7 8 13 17 24 27 26 27 30 36 

GERMANY 

PETROLEUM IMPORTS, TOTAL 144,528 151,626 137,671 115,941 111,207 109,294 110,694 112,151 120,903 115,602 

CRUDE OIL IMPORTS 95,668 108,158 97,920 79,561 72,541 65,339 66,933 64,193 66,598 63,840 

, imports 66 71 71 69 65 60 60 57 55 55 

PRODUCT IMPORTS 48,860 43,468 39,751 36,380 38,666 43,955 43,761 47,958 54,305 51,762 

, imports 34 29 29 31 35 40 40 43 45 45 

ITALY 

PETROLEUM IMPORTS, TOTAL 118,170 121,718 108,074 95,039 102,588 92,059 91,593 91,078 98,037 100,328 

CRUDE OIL IMPORTS 107,831 110,362 88,621 74,131 80,163 69,866 66,466 63,258 71,756 67,355 

, imports 91 91 82 78 78 76 73 69 73 67 

PRODUCT IMPORTS 10,339 11,356 19,453 20,908 22,425 22,193 25,127 27,820 26,281 32,973 

, imports 9 9 18 22 22 24 27 31 27 33 

JAPAN 

PETROLEUM IMPORTS, TOTAL 254,126 267,360 241,430 223,845 213,977 211,849 220,167 208,415 212,324 214,486 

CRUDE OIL IMPORTS 230,180 239,154 216,840 196,838 181,335 172,426 178,095 164,798 162,207 155,165 

, imports 91 89 90 88 85 81 81 79 76 72 

PRODUCT IMPORTS 23,946 28,206 24,590 27,007 32,642 39,423 42,072 43,617 50,117 59,321 

, imports 9 11 10 12 15 19 19 21 24 28 

CD 
0 



Table 2.9: Petroleum Imports, by Crude Oil and Petroleum Products, for Selected Countries, Million Tonnes (Continued) 

1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 

NETHERLANDS 

PETROLEUM IMPORTS, TOTAL 87,700 86,563 78,373 71,195 73,626 76,659 77,047 76,884 86,559 82,571 

CRUDE OIL IMPORTS 77,026 59,346 49,749 38,313 36,202 38,315 42,466 37,610 44,075 44,751 

.. imports 88 69 63 54 49 50 55 49 51 54 

PRODUCT IMPORTS 10,674 27,217 28,624 32,882 37,424 38,344 34,581 39,274 42,484 37,820 

.. imports 12 31 37 46 51 50 45 51 49 46 

UNITED KINGD~ 

PETROLEUM IMPORTS, TOTAL 79,670 72,415 55,944 45,947 46,288 40,224 55,459 49,177 52,227 49,657 

CRUDE OIL IMPORTS 65,638 57,642 43,262 33,044 27,690 22,832 24,178 26,832 30,290 31,147 

.. imports 82 80 77 72 60 57 44 55 58 63 

PRODUCT IMPORTS 14,032 14,773 12,682 12,903 18,598 17,392 31,280 22,345 21,937 18,510 

.. imports 18 20 23 28 40 43 56 45 42 37 

UNITED STATES 

PETROLEUM IMPORTS, TOTAL 425,410 423,454 340,866 297,864 256,490 253,361 275,302 254,564 315,230 332,172 

CRUDE OIL IMPORTS 343,282 349,797 281,042 237,618 192,790 182,938 190,464 181,685 232,122 256,263 

.. imports 81 83 82 80 75 72 69 71 74 77 

PRODUCT IMPORTS 82,128 73,657 59,824 60,246 63,700 70,423 84,838 72,879 83,108 75,909 

.. imports 19 17 18 20 25 28 31 29 26 23 

TOTAL OECO 

PETROLEUM IMPORTS, TOTAL 1,480,222 1,550,323 1,378,572 1,234,417 1,152,034 1,113,530 1,157,023 1,115,384 1,238,240 1,252,745 

CRUDE OIL IMPORTS 1,207,751 1,259,5161,095,072 952,285 835,934 785,083 791,580 752,869 845,162 857,788 

.. imports 82 81 79 77 73 71 68 67 68 68 

PRODUCT IMPORTS 272,471 290,807 283,500 282,132 316,100 328,447 365,443 362,515 393,078 394,957 

.. imports 18 19 21 23 27 29 32 33 32 32 

Source: OECO Quarterly Oil , Gas Statistics, Various Issues, 1975 - 1987 
ex> .... 
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Kingdom. As a net importer of all products, its refinery 

industry must compete with wholesalers of foreign products 

in the sale of final product. 

Product import shares for Italy, France and Japan all 

have increased at the expense of crude oil imports. The 

three countries have been substituting products for crude 

oil imports, which have been steadily decreasing since 

1979. While most of France's and Japan's product imports 

are for final consumption, nearly a third of Italy's is 

used as feedstock in the refining process. As a refining 

center exporting primarily lighter products, Italy has had 

to compete with other refineries to supply products. Most 

of the product imports come from the Caribbean Basin area 

and the Middle East countries. 

The United Kingdom (which was increasing its own oil 

production during the period) is also experie~cing an 

increase in product imports' share of total imports. Since 

1982, product import share has averaged around 40 percent, 

climbing to 59 percent in 1985 during the coal strike. The 

reasons for the increased share are Britain's competition 

in the sale of light products in the international markets 

and its substitution 

imported crude oil. 

of locally produced crude oils for 

(The latter distorting the petroleum 

trade statistics.) As less foreign crude oil is used, the 
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United Kingdom will be importing products almost 

exclusively. 

A more important question is why the United Kingdom 

imports any products. As a net product exporter for the 

last decade, the United Kingdom could easily produce its 

own product needs. Part of the product imports (about 10 

million metric tons a year) has been imported as refinery 

feedstock. The rest is imported for final consumption. 

Product imports occur when the local refinery industry 

finds it more profitable to produce a different product 

slate than that demanded by the nation. Three factors 

affect the refinery's output slate: prices faced by the 

refinery in all final product markets, crude oil input 

quali ty and cost and refinery upgrading capacities. For 

the most part, as long as the crude oil inputs allow the 

refinery industry to be more profitable by selling products 

to foreign markets, part of domestic product demand will be 

satisfied by product imports. 

As Krapels (1982) points out - and this still holds in 

today's market for residual fuel oil - the British refinery 

industry has found "it profitable to import residual fuel 

oil and gasoline [including naphthas] and to export 

distillates". One reason for United Kingdom's product 

imports is the age and simplicity of the British industry's 

refineries which were originally designed for a heavier 
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crude oil than North Sea Brent24. Even with the addition 

of downstream capacity, the British refinery industry is 

still relatively simple relative to other refinery 

industries in developed countries: the actual product 

slate produced by the refinery is closer to crude oil's 

natural product slate than in most industrial countries. 

The increased competitiveness of the international 

product markets can be seen in the OECD Annual Oil Market 

Report (1987) . According to this report, the OECD 

(particularly European members) have been increasing their 

imports of every category of gasoline. Light and middle 

distillate imports grew as well in 1987. Only the 

significant decreases in residual fuel oil imports, 20 

percent in 1987, has made total growth appear to be slow. 

Trade data show that many of the imports are coming from 

Northern Africa and Middle East refineries which are 

vertically integrated with crude oil production and funded 

by the governments25. The competitiveness of the oil 

refinery industry is further shown by the inability of the 

24. The vintage argument has been used by many to explain 
the united Kingdom's importation of crude oil. While the 
age of the refineries may explain a portion of crude oil 
imports, the North Sea trench which divided Norway from 
United Kingdom currently explains a greater proportion. 
Trade data show that the United Kingdom imports more crude 
oil from Norway than from any other country. 
25. Some countries subsidized their refinery industry, but 
the nature and amount of subsidies are not researched in 
this study. 



85 

Western European refinery industry to increase its 

distillation capacity utilization. 

In a more comprehensive model, a nation r s bilateral 

product trade flows, their prices, and associated cross 

elasticities would be estimated. Since the purpose of this 

study is to test for the effect of changes in the dollar 

exchange rate on crude oil inflows, it is not necessary to 

incorporate these markets. Instead it is important to 

recognize that the product flows are influencing crude oil 

flows and to account for them in the model. It is left for 

another study to increase the detail of the mode126 • 

2.5 Crude Oil Prices 

Two types of crude oil prices exist: dollar and local 

currency. The dollar price is the price at which crude oil 

will trade in the international market. The price is 

denominated and traded in dollars because it is accepted by 

the major players in the industry and makes easier to keep 

track of relative prices among other crude oil qualities27 • 
tJ 

Although crude oil is denominated in dollars, the 

refinery must operate within the constraints of the local 

26. The data requirements for such a study are tremendous 
and were not available for this study. 
27. The history of why crude oil prices are in dollars can 
be traced to the US Gulf and the way the US companies 
dominated internati9nal trade. Their practices were 
carried on by OPEC and are accepted by international 
refineries. 
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economy using local currency. It sells its products in 

local currency and must convert crude oil's dollar price 

into domestic currency to estimate its profit-maximizing 

level of production. The local currency price becomes the 

exchange rate adjusted price at the time the transaction 

takes place. 

The next two sections discuss the two types of prices 

and how they are determined. The first section provides a 

simple overview of how the dollar price and its floor are 

determined. The second section defines crude oil's 

domestic price and shows how it has differed from the 

dollar price. Appendix A provides a static equilibrium 

analysis of the adjustment process between crude oil's 

domestic and dollar prices. 

2.5.1 The World Dollar Price of Crude Oil 

Crude oils vary greatly in quality by specific 

gravity, viscosity, impurities, natural product yields (or 

slates) and process requirements. These characteristics 

make the value of each heterogeneous crude oil stream 

different, so a single price for crude oil does not exist. 

At any time, the crude oil market has a whole schedule of 

prices for a variety of crude oil streams offered for sale. 

The complexity of determining crude oil's price has 

been a concern of economists for many years. The lack of 
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published contract information and the practice of 

discounting from posted price by producers make 

understanding the determination of crude oil prices 

difficult. The publishing of official, spot and contract 

prices for various crude oil streams, at varying time 

periods, has led to the creation of numerous price series 

for the same crude oil stream. Adelman's (1972) 

encyclopedic work on the crude oil industry devoted much 

space to the determination of crude oil prices. Jacoby 

(1974) provides a simpler description of crude oil prices 

and of the industry's rationale for price differences. 

Even with the advent of a strong spot markets and less 

reliance on long-term contracts, there still exist a 

variety of price series for different types of crude oil 

streams as well as for any given individual stream28 • 

Al though crude oil's dollar price is a function of the 

interaction of market demand and supply, most economists 

and industry analysts agree the floor to crude oil's long-

run price is a function of: 

1) The prices of the co-products which are manufactured 

from the crude oil. Because crude oil's price is sensitive 

to the price of its final products, a particular crude oil 

stream is indirectly sensitive to demand-supply conditions 

28. This does not signify that the industry is irrational, 
but that the reporting system and the types of contracts 
that can be entered are numerous. 
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of country's various product markets and the government 

policies which govern the markets. 

2) The ability and cost of the refinery to process crude 

oil into the desired final product slate. The value of a 

crude oil stream to a refinery (given constant final 

product prices) is based on the costs incurred by that 

refinery to produce a profit-maximizing output product 

slate. A premium (discount) will be paid for a crude oil 

that lowers (increases) the overall refining costs. 

The degree of refinery sophistication and flexibility 

in processing crude oil into a wide variety of products 

influences the value placed on a particular crude oil 

stream. The more complex the refinery - that is the more 

downstream processes a refinery has the greater its 

ability to process different crude oils. This increases 

the supply of crude oil to the refinery and trends to 

narrow the price differentials among crude oils. The 

refinery would use downstream capacity to obtain the 

desired product slate instead of varying its crude oil 

inputs. In essence substituting capital equipment for 

crude oil quality in refining it into products. 

3) The cost of producing crude oil at the wellhead. 

Adelman (1986) points out the floor to crude oil prices is 

determined by wellhead costs. Crude oil prices will 
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continue falling until the drop in crude oil production 

capacity eliminates the world glut29 • 

4) The transportation costs of the crude oil to the 

refinery30. The location of crude oil wells plays an 

important part in the cost of the crude oil to the refiner. 

Table 2.10 shows the official crude oil prices for 

selected world traded crude oils as published by the 

producing governments from 1973 to 1985. Table 2.11 shows 

the spot price for some of the same crude oils till 1986. 

All crude oil prices have been denominated in US dollars. 

Included in both tables is the price for Saudi Arabian 

Light, which the industry considers to be the marker crude. 

Historically. the crude oil industry used a single 

marker crude oil as a reference price for all crude oil 

prices. Until the late 1960's, West Texas Intermediate was 

the world marker crude. Then Saudi Arabian Light was used 

as a marker crude oil for the major exported crude oils31. 

29. In addition to Adelman's article, the October, 1986 
issue of The Energy Journal presents another article 
(Griffin and Jones (1986)) and two articles commenting on 
the crude oil price floor. For comments on Adelman's 
article see Wilkinson (1986) and Scanlan (1986). 
30. Transportation costs have a greater importance when 
they account for a greater proportion of total crude oil 
costs. When the average crude oil price was under $3.00, 
transportation was a big concern. When crude oil prices 
increased to over $30.00, economists were less concerned 
with transportation. 
31. US futures contracts use West Texas Intermediate (WTI) 
as their reference crude oil. All other crudes sold by the 
futures exchange add a premium or are discounted based on 
the crude's quality differences. 



Table 2.10: Official Crude Prices, Selected Major Traded 

Crude Oils, US Dollars Per Barrel 

Saudi Arabia Iran Nigeria·· Indonesia 
(Light) (Heavy) (Light) (Light) (Hinas) 

1973 July 1st 2.75 2.48 3.73 

1974 January 1st 10.84 10.64 11.16 10.80 

July 1st 10.84 10.64 11.26 12.60 

1975 January 1st 10.46 10.27 10.67 11.72 12.60 

July 1st 10.46 10.27 10.67 11.45 12.60 

1976 January 1st 11.51 11.14 11.62 12.86 12.80 

July 1st 11.51 11.04 11.62 13.12 12.80 

1977 January 1st 12.09 11.37 12.81 14.33 13.55 

July 1st 12.70 12.02 12.81 14.63 13.55 
1978 January 1st 12.70 12.02 12.81 14.33 13.55 

July 1st 12.70 12.02 12.81 14.12 13.55 

1979 January 1st 13.34 12.51 13.45 14.82 13.90 
July 1st 18.00 17.17 22.00 23.49 18.25 

1980 January 1st 26.00 25.00 30.37 29.99 27.50 
July 1st 28.00 27.00 35.37 37.02 31.50 

1981 January 1st" 32.00 31.00 37.00 40.02 35.00 
July 1st 32.00 31.00 37.00 40.02 35.00 

1982 January 1st 34.00 31.00 34.20 36.52 35.00 
July 1st 34.00 31.00 31.20 35.52 35.00 

Venezuela Hexico 
(Tia Juana H) (Isthmus) 

11.30 
11.10 

11.12 12.15 
11.32 12.15 
12.72 13.35 
12.72 13.40 
12.82 13.40 
12.72 13.10 
13.36 14.10 
19.31 22.60 
25.20 32.00 
29.88 34.50 
32.88 38.50 
32.88 36.50 

32.88 35.00 
32.88 32.50 

UK 
(Forties) 

12.60 
12.80 
14.00 
14.18 
13.70 
13.70 

15.45 
23.20 
29.75 
36.25 
39.25 

35.00 

36.50 
33.50 

\0 
o 



Table 2.10: Official Crude Prices, selected Major Traded 

Crude Oils, us Dollars Per Barrel (Continued) 

Saudi Arabia Iran Nigeria** Indonesia 
(Light) (Heavy) (Light) (Light) (Minas) 

1983 January 1st 34.00 31.00 31.20 35.52 34.53 

July 1st 29.00 26.00 28.00 30.02 29.53 

1984 January 1st 29.00 26.00 28.00 30.02 29.53 

July 1st 29.00 26.00 28.00 30.02 29.53 

1985 January 1st 29.00 26.50 28.00 28.02 29.53 

July 1st 28.00 26.00 28.05 28.67 28.53 

* Official government prices on the first day of the quarter 
(except for UK where BP/BNOC are given). Prices are reported only 
from the point when official government selling prices were first 

established for the crudes in question. 
**Including port dues of 2 cents/barrel 

NOTE: Official UK prices ceased mid 1985 following the winding up 

of BNOC. other official government selling prices, although not 
withdrawn, became largely irrelevant from the beginning of 1986 

when OPEC introduced netback pricing. The Brent and West Texas 

Intermediate spot prices were thereafter the principal crude 
markers in international markets. 

Source: BP Statistical Review of World Energy, 1988 

Venezuela Mexico 
(Tia Juana H) (Isthmus) 

32.88 32.50 
27.88 29.00 
27.88 29.00 
27.88 29.00 
27.88 29.00 
27.60 26.75 

UK 
(Forties) 

33.50 
29.75 

29.90 
29.90 

28.55 

\0 
~ 



Table 2.11: Spot Price for selected Crude Oil 

US Dollars per Barrel, Annual Average 

Crude Name, Country 1979 1980 1981 1982 

Arabian Berry, Saudi Arabia 32.25 37.67 35.54 32.92 
Arabian Light, Saudi Arabia 30.48 36.44 34.79 32.08 
Arabian Medium, Saudi Arabia 29.10 35.19 33.69 30.59 
Arabian Heavy, Saudi Arabi 27.35 34.01 31.95 51.94 
Bonny Light, Nigeria 33.35 38.22 37.06 34.25 
Saharan Blend,· Algeria 34.08 38.55 37.10 34.53 
Iran Light, Iran 30.87 36.48 34.58 31.81 
Iran Heavy, Iran 29.41 35.52 33.41 30.42 
Brega, Libya 33.34 38.00 36.77 33.31 
Sarir, Libya 31.14 36.61 35.64 32.20 
Kuwait Export, Kuwait 29.07 35.30 33.33 30.59 
Oriente, Ecuador 30.74 35.40 34.77 31.95 
Murban, Gabon 32.33 37.68 35.54 32.92 
Suez Blend, Egypt 30.12 35.61 34.40 31.36 
Ekofish, Norway 33.31 38.30 36.81 33.64 
North Slope, USA 29.18 33.29 33.88 31.47 

Source: OPEC Bulletin, various issues 

1983 1984 

29.46 28.55 
28.96 28.16 
27.89 27.30 
26.89 26.77 
30.33 29.19 
30.39 29.09 
28.45 27.61 
27.54 26.96 
29.72 28.87 
28.48 28.12 
27.89 27.13 
45.17 27.89 
29.44 28.51 
28.12 27.63 
30.09 29.01 
28.75 28.66 

1985 

27.74 
27.51 
26.52 
45.01 
28.10 
27.97 
26.92 
26.43 
27.83 
26.92 
26.42 
26.65 
27.61 
26.26 
27.82 
27.39 

1986 

13.94 
13.64 
12.97 
12.49 
14.94 
14.88 
13.68 
13.05 
14.36 
13.33 
12.54 
13.03 
13.94 
12.92 
14.54 
13.92 

\D 
f\) 
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Now a basket of crudes is used. The policy of OPEC was to 

set country production levels at a level such that Arabian 

Light will attain a certain price. The price of all other 

crude oil streams would equal the marker crude oil's price 

plus a premium or discount based on the streams' quality 

differences. The price differences among crude oils were 

determined in the market by the aggregation of each 

refinery basing its profit-maximizing output level 

(adjusted for transportation costs) from using each crude 

oil. As the refinery industry's ability to upgrade heavier 

crude oils and feedstocks increased, the price differential 

among crude oil streams decreased. This can be seen in the 

price tables if one looks at the difference between Arabian 

Light (the marker crude) and the other major crude oils. 

Few data on the exact method for calculating the premium or 

discount are available. Adelman (1971) provides the basic 

formula for determining a stream price. 

2.5.2 Domestic Crude Oil Prices 

Although the crude oil industry denominates prices in 

dollars, a refinery industry must make a profit in the 

country's local currency. The actual crude oil price paid 

by the industry is therefore a domestic, not dollar, price. 

In simple terms, domestic crude oil price is defined as 

crude oil's average dollar price times the country's dollar 
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exchange rate. For each crude oil stream, the domestic 

crude oil price is: 

Where Pdji 

p. 
J 

= the domestic crude oil price of the jth 
crude oil stream in country i's currency 
during a given period, 

= the dollar exchange rate of country i for a 
given period, that is, the amount of 
domestic currency needed to buy one US 
dollar. 

= The dollar price of the jth crude oil stream 
imported into country i during the period. 

For a nation, the average domestic price is the 

weighted average price of each crude oil stream times the 

dollar exchange rate, that is : 

n 
= ( ~(EXi$ * Pj))/n 

j=l 

By indexing the domestic crude oil price of each 

country to a common base period, the effect of dollar 

exchange rates on the world dollar crude oil price can be 

compared. Figure 2.4 shows the domestic crude oil price 

indices for six major crude consumers. The indices are 

calculated by multiplying the quarterly dollar denominated 

exchange rate of each country by the nominal weighted 

average dollar price of Saudi Arabian Light crude oil, then 

dividing by the domestic crude oil price during the first 

quarter of 1980. The series labeled Price Index is the 
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dollar price index for a country with a fixed dollar 

exchange rate. It is included as a reference point for 

comparison purposes. The other indices show how much the 

domestic prices deviate from the dollar price due to 

changes in the country's dollar exchange rate. 

In general, if a country's price index lies above the 

Price Index curve, crude oil's domestic price is higher 

than it would have been if the country had a fixed dollar 

exchange rate during the period. 

between the Price and domestic 

The greater the distance 

indeces, the greater the 

difference between the domestic and the dollar price. 

Table 2.12 summarizes the information in Figure 2.4 

and dramatically shows the effect of the dollar exchange 

rates on the domestic price of crude oil. During the first 

half of the 1980's when the US dollar was rising. However, 

the price of crude oil was falling and crude oil's dollar 

price remained virtually constant. (Actually it increased 

initially 24 percent, but then fell to its 1980 level 

relatively quickly.) The Japanese domestic price behavior 

was similar to the dollar price, increasing only 5.8 

percent between 1980 and 1985 - with its highest increase 

of 29.3 percentage points occurring in 1982. Japan's small 

increase was primarily due to Japan's strong yen and its 

position as the world's second largest petroleum consumer 

which allows it to exert pressure on crude oil's dollar 



Table 2.12: Change in the Domestic Crude Oil Price 
Index, for Selected Countries, 
1980 to 1987 

United Japan Germany Italy France united 
States Kingdom 

Index 

197801 4.9 43.8 52.5 46.9 51.4 52.5 
198001 100.0 100.0 100.0 100.0 100.0 100.0 
198501 100.0 105.8 183.6 245.3 245.6 202.0 
198701 58.3 36.7 60.4 92.4 86.1 85.2 

Total Price Change 

1980-85 0.0 5.8 83.6 145.3 145.6 102.0 
1980-87 -41. 7 -63.3 -39.6 -7.6 -13.9 -14.8 
1985-87 -41. 7 -69.1 -123.6 -162.9 -169.5 -ll6.8 

Exchange Rate Induced Price Change 

1980-85 0.0 5.8 83.6 145.3 145.6 102.0 
1980-87 0.0 -21.6 2.1 34.1 27.8 26.9 
1985-87 0.0 -27.4 -81.9 -121. 0 -127.8 -75.1 

Largest Price Increase 

Increase 24.1 29.3 83.6 145.3 145.6 102.0 
Period 80-81 80-82 80-85 80-85 80-85 80-85 

Source: Calculated by author using IMF exchange rate data 
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price. Only twic~ did Japan's domestic price increase more 

than the dollar price of crude oil. 

The domestic price of the major European crude oil 

importers increased strikingly during the period. As the 

dollar became stronger, their domestic crude oil price 

increased. Due solely to the dollar exchange rate, Germany 

experienced a domestic crude oil price increase of 83.6 

percentage points between 1980 and 1985. The rest of the 

Western European countries (which had weaker currencies) 

experienced even larger price increases. The United 

Kingdom, which is a major world crude oil exporter, 

experienced a 102 percent domestic price increase. France 

and Italy, with weaker economies, each had just over a 145 

percentage points price increase. 

From 1985 to 1987, crude oil's dollar price decreased 

by 42 percentage points. But the weakening dollar exchange 

rate caused the domestic crude oil price of the major world 

economies to fall by an even greater rate. Japan, with its 

strong yen, had a price decrease of 69 percentage points. 

After accounting for the 42 percentage points dollar price 

decrease, the Japanese economy experienced a domestic crude 

oil price decrease of about 25 percent - due strictly to 

its strong yen to dollar exchange rate. 

Uni ted Kingdom both experienced about an 

Germany and the 

80 percentage 

points decrease in price due to their respective dollar 
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exchange rates. The domestic crude oil price for both 

France and Italy decreased by over a 120 percentage points 

due to changes in their dollar exchange rates. Over most 

of the period, domestic crude oil costs to European 

countries were greater than the costs to countries with 

fixed dollar exchange rates. Only recently have European 

crude oil prices become equal to the US dollar price. 

From the single perspective of crude oil costs, 

changes in the foreign exchange rates have given the US and 

Japan a cost advantage in the production of product since 

1980. Government policy, local market conditions and 

distance from other major product markets have not allowed 

for much interaction between their markets and the rest of 

the major consumers. Their refinery industries and overall 

economies have benefited most from this cost advantage, not 

having to compete with major refining centers. 

The European market has a more complicated situation. 

While all the major markets have experienced an increase in 

the relative cost of crude oil, British and German costs 

did not rise as high, giving them a cost advantage over the 

other countries. Depending on the cost of producing 

products, which should be relatively close for similar 

types of European refineries, they should be able to 

provide products at lower costs than country's which have 

had dollar exchange rates which are depreciating. The 
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increased health and involement in foreign trade of their 

refinery sector lend credence to their competitiveness. 

2.6 Summary 

The petroleum market has been undergoing significant 

changes over the last few years. Price increases have 

caused countries to decrease total crude oil demand by 

substituting other forms of energy and capital efficiency 

(such as insulation and more efficient equipment). Most of 

the substitution away from petroleum has occurred in the 

heavier products, especially residual fuel oil. Because of 

the lighter product mix demanded by consumers, refineries 

have been experiencing low capacity utilization rates and 

have been forced to invest in downstream, upgrading units. 

At the same time, the practice of denominating crude 

oil in dollars has allowed the short-run domestic crude oil 

price to deviate from the dollar price. Changes in the 

nation's dollar exchange rate causes domestic prices to 

change without necessarily being reflected in crude oil's 

world dollar price. Two different signals are sent out in 

the market. It takes time for all the petroleum markets to 

return to equilibrium. 



CHAPTER THREE 

REFINERY FLEXIBILITY, COMPLEXITY AND 

ITS AFFECT ON CRUDE OIL REFINING 

3.1 Introduction 
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This chapter presents, defines and develops a measure 

of refinery flexibility. It discusses the importance of 

refinery flexibility and reasons why it evolved. It then 

presents traditional measures and a new measure, the API

Based Flexibility Index, for measuring flexibility. 

The local refinery industry plays an important role 

in petroleum's flow. By converting crude oil's naturally 

occurring product mix into the nation's demanded petroleum 

products, it influences the volume and type of petroleum 

flows into the country. The greater the refinery 

industry's ability to adjust to changes in the hydrocarbon 

input market and/or output markets, the more the refinery 

industry will be able to adjust international petroleum 

flows. By taking advantage of crude oil and product price 

shifts (whether due to the exchange rate or not) the 

refinery adjust its demand for crude oil and supply of 

products to maximize profits. Any product not supplied by 

the nation's refinery industry would have to be imported -

thereby also influencing the flow of petroleum. 
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This chapter is divided into six sections. The first 

defines refinery flexibility and sets forth its necessary 

and sufficient conditions. It also describes the 

different levels of flexibility. The next section 

describes how a refinery's technical sophistication can 

achieve refining flexibility and provides an example of 

flexibility for a simple and a complex refinery. It also 

describes Nelson's Complexity Index and how it is 

calculated. The next two sections discuss past efforts to 

and problems associated with measures of refinery's 

flexibility. The penultimate section describes the API

Based Flexibility Index developed for this study. It 

shows how the Index was developed and how it differs from 

other measures. It also compares it to Nelson's 

Complexity Index. The last section summarizes the 

chapter. 

3.2 Refinery Flexibility Defined 

The refinery industry's business is the refining and 

manufacturing of petroleum products. It transforms crude 

oil and other hydrocarbon feedstock inputs into a 

petroleum output product slate. The refinery's optimal 

production level, i. e., the amount and type of products 

the refinery produces, is constrained by the final demand 

of its customers, whether domestic or foreign, and the 
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refiners optimizing behavior. As final demand changes, 

the refinery alters its output product slate to continue 

optimizing its operation. Over time, the refinery 

industry has developed the processes which allow it to 

shift among varying qualities of crude oil and feedstocks 

as well as to recycle distillate fractions (product 

streams) into a higher valued products. 

Refinery flexibility is defined as the ability of the 

refinery industry, individual refinery, or group of 

refineries to adjust its optimal output product slate to 

changing market conditions1 • 

3.2.1 Necessary Condition for Flexibility 

For a refinery to achieve flexibility, it must meet 

necessary and sufficient conditions. The necessary 

condition for flexibility is that the refinery has the 

technical sophistication to accept and process crude oil 

and hydrocarbon inputs into the desired output. The more 

downstream processing units are added, the more a 

refinery I S technical sophistication increases. The more 

sophisticated the refinery becomes, the more it is able to 

use a wider, heavier range of crude oil inputs and/or 

1. A refinery is optimized subject to the constraints 
placed on it by its owners. Privately owned refineries 
are motivated by profit, they produce a product slate that 
will bring them the greatest return. Other opiimization 
motives include crude oil throughput, product supply and 
cost-minimization. 
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reduced crude as hydrocarbon inputs, and to process the 

crude's fractions into a greater combination of product 

streams. Without the installed processing capacity, the 

refinery will be able to achieve only a limited degree of 

flexibility. 

Over the years, the refinery industry has developed a 

significant number of processing units that add to the 

technical complexity and flexibility of the refinery. 

They range from distillation units that accept heavy crude 

oil inputs to highly sophisticated and costly 

hydrocracking units. The most important downstream 

processes for refinery flexibility are the feedstock 

cracking units. Crackers, whether catalytic crackers or 

hydrocrackers, split larger, complex hydrocarbon molecules 

into shorter, more volatile chains. These units give the 

refinery the ability to alter the naturally occurring 

product slate into lighter ones2 . As described in section 

2.3.2, and shown in Table 2.4, the world refinery industry 

has been increasing its capability to upgrade fractions. 

It is beyond the scope of this study to describe the 

different types and capabilities of the processing units. 

(Appendix C provides a simple overview of the refinery and 

2. Implicit in this statement is that the demanded 
product slate is lighter than the naturally occurring one. 
Section 2.2 of Chapter Two showed that the market has been 
demanding a lighter product slate recently. 
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its downstream processing units.) For a more detailed 

description see Shell (1983), World Bank (1984) and 

Leffler (1985). More technical descriptions of the actual 

processes are provided by Gary and Handwerk (1975), 

Watkins (1979) and the seminal work of Nelson (1958)3. 

For a discussion of the different processes which allow 

the refinery to crack heavy feedstock into lighter 

products see Speight (1981), Speight (1986), DeCroocq 

(1984) and Wojciechowski and Corma (1986). 

3.2.2 Sufficient Condition for Refinery Flexibility 

Technical sophistication is not a sufficient 

condition for the refinery to attain flexibility, only a 

necessary condition. Instead, the economics of the input 

and output markets must justify the use of the capacity. 

A refinery reacts to changes in the product markets by 

continually adjusting its use of feedstocks and downstream 

processing units. This gives it the ability to produce a 

product slate that optimizes the refining operation and 

its output product slate. As demand for final products 

fluctuates and market conditions change, the refinery 

3. Although somewhat dated, Nelson's work is one of the 
most complete treatments of refinery processes. It not 
only covers the refinery and it processes, but the 
characteristics and chemistry of crude oil inputs. No 
other author has tried to provide the reader with as much 
information on the refining process. 



industry adjusts its production processes in 

obtain a new optimizing output level. 

The amount and types of products the 

produces are determined by the refiner's 
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order to 

refinery 

optimizing 

behavior, whether it is profits, crude oil throughput, or 

the production of a single product. Krapels (1982) points 

out that a refinery's optimizing behavior is a function of 

the product market's competitiveness. In competitive 

markets like West Germany and the united Kingdom, the 

refinery industry maximizes profits. Countries which 

control product prices are split. Those countries that 

allow active participation in the international product 

markets tend to maximize profits. Countries whose 

governments own the means of production (like Austria) 

tend to maximize crude oil throughput or product output. 

The sufficient condition for refinery flexibility is 

that the economic conditions of the refinery's input and 

product output markets justify the use of the refinery's 

installed capacity. In the short-run, the marginal return 

derived from operating downstream units must be greater 

than or equal to the marginal cost of operating them. In 

the long-run, the anticipated refinery "spread" must 

justify the construction and continued operation of the 

downstream units and the overall refinery. 
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3.2.3 Levels of Refinery Flexibility 

Refinery flexibility occurs because the refinery 

processes are being optimized, given the existing input 

and output market conditions. As the definition of 

refinery flexibility implies, flexibility can be 

associated with one or more refineries. The degree to 

which the refinery industry is flexible depends on who 

controls the overall refining process. If each refinery 

is owned by a separate decisionmaker, flexibility occurs 

only at the individual plant, taking into account the 

production of other refineries indirectly. The refineries 

are not jointly optimized. If one decisionmaker owns more 

than one refinery, he may elect to optimize production 

across the different refineries. Multi-plant optimization 

can be constrained if the government controls the types 

and prices of the demanded product slate. The keys to the 

level of flexibility are ownership, control over the 

number and type of refineries and processes and the 

refinery's location relative to its product markets. 

The concept of a "national refinery" is derived from 

the ability of all the refineries to act as a single 

refinery in order to alter their production processes to 

optimize their national output slate . Given the market 

structure and individual refinery customer demand 

patterns, the industry as a whole is producing an optimal 
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product slate4. This allows for the generalization of 

flexibility into a single measure. 

3.3 Refinery Sophistication, Complexity and Flexibility 

The degree to which a refinery is technically 

sophisticated is based on the number and type of 

downstream processes installed in a given plant. In its 

simplest form, a refinery consists of a crude oil 

atmospheric distillation unit and those processes 

necessary to stabilize the product, much like the current-

day hydroskimmer refineries. As downstream processes are 

added to the refinery, it becomes more technically 

sophisticated and complex to operate. With the multitude 

of downstream processes available to the refinery, a 

refinery's sophistication can vary greatly depending on 

its installed processes. The industry has adopted a 

measure of technical complexity based on that proposed by 

Wilbur L. Nelson, a petroleum engineer who wrote 

extensively for the Oil & Gas JournalS. As an outgrowth 

4. This does not mean the nation's refinery industry is 
producing an optimal level of products. Had all the 
refineries been operated as a single unit, a different 
product mix might be produced. The "national refinery" 
used hare is the best attainable given the current market 
structure. 
5. Nelson was originally known for his handbook on oil 
refineries, which became the definitive work on the 
subject and is often used today. He also became 
recognized for his work for the Oil & Gas Journal where he 
developed refinery cost indices which are still published 
by the Oil & Gas Journal (in a column which contains his 
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of his operating cost indices of the oil refinery, 

Nelson's Complexity Index was developed to show how 

different refineries' operating costs would change based 

on the different installed processes. The Nelson 

Complexity Index (as the industry calls it) measures the 

complexity of the refinery since it integrates downstream 

capacity and costs with upstream processes. Nelson used 

the Complexity Index in several ways. They included a 

measure a refinery's operating costs, developing supply 

curves of the refinery industry and showing how changing 

complexity could change the competitive nature of the 

refinery6. 

The Nelson Complexity Index is a process-oriented 

measure based on the relative capital costs of installed 

downstream capacities of capital equipment and their 

capacity relative to that of atmospheric distillation 

capacity. Nelson used the premise that a refinery's 

operations grow in operating complexity as it adds more 

downstream capacity which, in turn, increases its costs. 

A subjective weight is assigned to each downstream process 

based on the unit's perceived complexity, processing 

sophistication and capital cost relative to the 

name, Nelson Cost Indices) and the Refinery Complexity 
Index. 
6. See the various articles of Nelson in the Oil & Gas 
Journal. A comprehensive collection of most of his uses 
of complexity can be found in Nelson (1976). 



110 

atmospheric distillation unit. Each new downstream 

process contributes to the refinery's increased operating 

complexity in proportion to the subjective weights 

assigned to the process and their capacity (feed or 

output) . 

Since the Index was developed at a time when 

refineries were simple, Nelson's subjective measure of a 

process' complexity relative to atmospheric distillation 

worked well and was widely accepted by the industry. As 

more processes were developed, Nelson adjusted his 

complexity factors to reflect technical changes which 

occurred in the industry. 

The Nelson Complexity Index is measured using an 

ordinal scale with ranking based on the configuration of 

an individual refinery. The complexity weight factors 

and the method used to calculate the Nelson complexity 

factor can be found in Nelson (1972) and Nelson (1974). 

Table 3.1 shows the processes and the revised and original 

complexity factors used to calculate the complexity of a 

refinery. The number and relative complexity of each of 

the processes have increased since the last revision. 

When measuring complexity, refineries with identical 

processes have an identical complexity index. It is also 

possible for two refineries with different downstream 

processes to have the same complexity as long as the 
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Table 3.1: Nelson's Original and Revised Complexity Factors 
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downstream processes contribute to the complexity in the 

same proportion. 

3.3.1 Calculating Complexity 

Nelson's Complexity Index is calculated in three 

steps. The first is to calculate a ratio of each unit's 

feed or output charge capacity relative to the overall 

distillation capacity. This provides a measure of the 

relative importance of the process to the overall 

refinery. Each ratio is then multiplied by a complexity 

factor that accounts for the capital costs and relative 

complexity of the downstream process to atmospheric 

distillation. The Complexity Index is the sum of the 

product of the ratio and Complexity factors 7 • Table 3.2 

shows how the National Petroleum Council calculated its 

Complexity Index based on the Nelson method in the 1979 

study on refinery flexibilityB. 

3.3.2 Flexibility of the Simple Refinery 

The refinery industry defines a simple refinery as a 

refining plant consisting of a crude oil atmospheric 

distillation unit and the product stabilizing units. The 

7. Nelson's Complexity Index is so-called because Nelson 
attempted to measure the relative complexity of each 
operation relative to distillation. The name of the 
index, Complexity Index, should not be confused with the 
Complexity Factor that is used to calculate the Index. 
8. See National Petroleum Council (1979). 



Table 3.2: Example of Calculating Complexity of a Hypothetical Refinery 

Process Unit Designated Percentage of Unit 
Capacities of Process Unit Atmospheric Complexity 
Hypothetical Complexity Distillation Factor 

Process Unit Refinery Factor Capacity value1 

------------ ------------- ------------ ----------- -----------
Atmospheric Distillation 150 1.0 100 
Vacuum Distillation 80 1.0 53 
Catalytic Reforming 30 4.0 20 
Catalytic Cracking 50 5.5 33 
Alkilation 10 9.0 7 
Hydrotreating 

Catalytic Cracking 
Charge Stock 50 4.0 33 

Refinery Complexity 

1/ Unit Complexity Value = Percentage of Atmospheric Distillation Capa 
mUltiplied by Process Unit Complexity Factor 

Source: National Petroleum Council (1979) 

1.00 
0.53 
0.80 
1.82 
0.63 

1.32 

6.10 

~ 
~ 
w 
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level of refinery flexibility which can be achieved by a 

simple refinery is limited by its crude oil inputs' 

atmospheric product slate. By changing the quality of its 

crude oil inputs, the output slate changes. Table 3.3 

shows the flexibility a simple refinery can achieve by 

changing its crude oil inputs 9 • The Table presents the 

API and the atmospheric product slate of four commonly 

traded crude oils as a percentage of a unit's input. By 

processing the lightest crude oil, Brent Blend, the 

refinery can refine 24.5 percent of each barrel processed 

into gasoline (naphthas) and 12.6 percent kerosene. 

substituting Arabian Light or Basrah Medium the refinery 

would only process about 18.2 percent of the barrel into 

gasoline. If the refinery was to use Bonny Medium it 

would only be able to get 6.3 percent gasoline. 

Substituting Arabian Light for Brent would increase 

kerosene production although Basrah Medium would not. 

Kerosene accounts for 15.7 percent of an Arabian Light 

barrel and only 7.5 percent of the Basrah Medium barrel. 

Bonny Medium has a greater percentage of kerosene (12.9 

percent) than Basrah Medium even though it has less 

gasoline. Each crude oil's different product slate can 

better be seen in Figure 3.1. 

9. The ability to change crude 
simple as implied by this example. 
for demonstration purposes. 

oil inputs is not as 
This example is only 



Table 3.3: Crude Oil Input refinery Flexibility 

(Output as Percent of Barrel) 

Crude Oil Name Brent Arabian 
(Country) Blend Light 

(United (Saudi 
Kingdom) Arabia) 

degree API 38.0 34.5 

Product 
LPG 3.0 0.7 
Gasoline (naphthas) 24.5 18.4 
Kerosene 12.6 15.7 
Middle Distillates (LGO) 20.7 20.3 
Residual (HGO) 38.6 45.1 

Source: Oil & Gas Data Book, 1988 Edition. 

Basrah 
Medium 
(Iraq) 

31.1 

1.6 
18.2 
7.5 

22.3 
50.4 

Bonny 
Medium 

(Nigeria) 

25.2 

0.5 
6.3 

12.9 
34.3 
46.0 

.... .... 
01 
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Figure 3.1: Natural Crude Oil Product Slates, Output 
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As long as the fluctuations in the nation's product 

slate are not too different from the naturally occurring 

crude oil streams, refinery flexibility is achieved by 

substituting crude oils. The flow of crude oil shifts as 

refineries sUbstitute among crude oils. Product flows 

will change as foreign sources of products are imported to 

fulfill demand not supplied by domestic refineries. 

3.3.3 Refinery Flexibility and the Complex Refinery 

The decision to invest in downstream processing units 

by an individual refinery is based on the expected market 

condi tions at the time the investment was made. The 

refinery management, using its perception of future 

demand, invested in the process, believing it will 

optimize the production process. As more units are added, 

the refinery becomes capable of producing a wider variety 

of product slates. The actual degree of flexibility of 

the individual refinery as it becomes more complex depends 

of the market conditions at the time of production. 

Table 3.4 shows how a more sophisticated refinery can 

change the output product slate given a specific crude 

oil. By refining west Texas Sour crude oil in a simple 

refinery, the hydroskimmer, gasoline, jet fuel and 

distillate fuel accounts for only 30, 10 and 20 percent, 

respectively, of total output. By running the same crude 



Table 3.4: Example of Gains from Refinery Flexibility 

West Texas sour crude 
Gasoline 
Jet Fuel 
Distillation Fuel 
Residual Fuel 
Refinery Fuel (gain) 

Total Outturn 
Operating costs 

Operating Margin 

Percent 
Volume 

100 
30 
10 
20 
35 

5 

100 
100 

100 

Simple Refinery 

Unit Cost 
or Price 

$ 28 
32 
32 
31 
27 

1 

Revenue or 
Total Costs. 

$ 28.00 
19.60 

3.20 
6.20 
9.45 

-----------
$ 28.45 

1.00 
-----------

($ 0.65) 

Percent 
Volume 

100 
50 
19 
17 
20 
(6) 

-------
100 
100 

-------
100 

Note: Based on $28.00 per barrel West Texas sour crude and 1986 product prices. 

Source: Leffler (1986) 

Complex Refinery 

Unit Cost 
or Price 

$ 28 
32 
32 
31 
27 

1 

Revenue or 
Total Costs. 

$ 28.00 
16.00 

6.08 
5.27 
5.40 

----------
$ 32.75 

3.00 
----------

$ 1. 75 

.... .... 
00 
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oil through a complex gasoline refinery; gasoline, jet 

fuel and distillates account for SO, 19 and 17 percent, 

respectively, of the output product slate. As can be 

seen, the complex refinery has the ability to alter the 

basic fractions of the crude oil by producing more 

valuable light products and less residual fuel oil. If 

the refinery had only used its distillation units, it 

would have produced the same output product slate as the 

hydroskimmer. 

3.4 Complexity as a Measure of Flexibility 

As economists became interested in the refinery 

industry, the Nelson Complexity Index seemed an obvious 

way of measuring refinery flexibility. The Index was a 

comprehensive measure of the refineries' overall 

processes, widely accepted by engineers and industry 

analysts, and it incorporated the various processes which 

allow the refinery to produce different product slates. 

Statistical analysis also showed a positive correlation 

between the Complexity Index and a refinery's ability to 

produce different product slates, lending more credence to 

it as a measure of flexibility. The Index was so well 

accepted that the National Petroleum Council (1979) 

undertook an extensive study of the US refinery industry 

using a slightly modified version of Nelson's Complexity 
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Index as a measure of flexibility. Although the Index 

worked well for their purposes at the time, when they 

updated their refinery study in 1985, they had to abandon 

the Nelson Index because it was too complicated to update. 

Four problems exist when using the Nelson Complexity 

Index as a measure of flexibility. First, the Index was 

developed for measuring a single refinery operating at 

full capacity relative to is base distillation capacity. 

It does not consider the economics of operating the 

refinery. Prices of inputs or outputs are considered to 

be exogenous to the Index and have no effect on the 

complexity of the refinery. Second, no consideration for 

the seasonal demand for products is given. For instance, 

a hydro cracker is operating at full capacity during 

periods when it is preparing or supplying large quantities 

of gasoline, primarily from late winter through mid

summer. The Nelson Index would measure the complexity of 

the refinery equally under both scenarios (although the 

actual operations used and the weight of the output slate 

would be different). Third, as an engineering-based 

index, it does not consider the utilization of the 

refinery. An underutilized refinery has the same 

complexity as a fully employed refinery with the same 

configuration. The permutations of this scenario are 

numerous. 
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The fourth factor, and one of the most important, is 

that complexity factors are subjectively determined based 

on the perceived sophistication of the operation relative 

to the distillation of crude oil adjusted for the capital 

cost of the equipment. It allows certain operations to 

have a weight greater than others due to patents and 

processes. This allows refineries with just one or two 

very complex or specialized operations to be classified as 

complex refineries because of their higher costs10 • 

The Index's ability to show flexibility is based on 

the fact that refinery investment patterns have followed 

the nation's demand for light products, causing most 

modern refineries to invest in downstream processes that 

produce these products. Had demand for petroleum products 

leaned toward heavier products like asphalt, the industry 

would still have been complex, but the Index would not 

show flexibility. Asphalt and lube refineries have a high 

Complexity Index, but do not represent the industry's 

ability to change its output slate11 

10. See Nelson (1976) for a discussion of the problems 
associated with calculating the index. 
11. In 1979, the OEeD commissioned Petroleum Economics 
Ltd. of London to look at the flexibility of the OEeD 
refinery industry to meet changing demand, OEeD (1979). 
PEL choose not to try to measure the flexibility of the 
industry, instead they measured the ability of the 
domestic industry to meet certain levels of demand given 
its existing downstream capacities. The study did analyze 
the quality of crude oil and its effect on the output 
slate. 
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3.5 Other Measures of Flexibility 

Economists have tried to develop other measures of 

complexity to better reflect flexibility - with the most 

popular being based on the output slates of the 

refineries12 • These complexity indices look at the 

refinery's total volume of output relative to either 

feedstock inputs or heavier output products. The most 

common variant of this method measures the ratio of the 

volume of light fractions produced to the volume of crude 

oil input 13 • Just as popular, although not as common, is 

the ratio of volume of light fractions to heavy fractions. 

As either of the ratios increases, the complexity 

increases for a given level of inputs and crude oil type. 

Proponents of the first ratio feel the value of the index 

will always be less than one since the refinery process 

tends to waste inputs and use a portion of the crude oil 

as energy. With increased hydrocracking capacity, this 

will not always hold. The value of the second ratio will 

be either below, equal to, or above one. This is because 

it only looks at the ratio of actual products produced. 

12. Although interest in refinery flexibility has waned a 
bit due to lower crude petroleum costs, it is still 
important for industrial development since the demand for 
light products has been increasing. 
13. The ratio' s inverse can be calculated using heavier 
fractions. The light fractions are used more often 
because they are valued more. 
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Both measures attempt to capture the same thing: the 

ability of the refinery to produce more light fractions 

(irrespective of the crude oil inputs) and are based on 

the technical abilities of the refinery and not its crude 

oil inputs. Fesharaki and Yamaguchi (1984) used this type 

of measurement when discussing the profiles of Saudi 

Arabian Export refineries14 • They refer to a 

sophisticated refinery as one that produces a fuel oil 

output of less than twenty-five percent. The fuel oil 

output is based on the refinery's design capacity. 

The advantage of these measures over the more 

traditional Nelson Index is that they are based on product 

production and not on the refinery's capital structure. 

The market is implicitly taken into account by the 

refinery's response to input costs and product prices. It 

shows how the refinery reacts to changes in the 

marketplace. One fault in the output complexity measure 

(as suggested by the East-West Institute and others) is 

that it does not take into account the API of the crude 

oil inputs and their atmospheric assay properties. 

The National Petroleum Council (1986), in a follow-up 

report to their 1979 study on the refinery flexibility of 

the US refinery industry, changed from a Nelson Index to a 

hybrid-output type index to measure a refinery's 

14. See Fesharaki and Yamaguchi (1984). 
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flexibility. They changed because they felt the Nelson 

types of complexity measure did not distinguish between 

type of refinery. Instead they used a three-category 

classification of a refinery I s complexity. The three 

categories are no conversion, gas oil conversion and deep 

conversion. 

The "no conversion" refinery refers to those that 

have primary distillation capacity but lack the capability 

of converting heavier fractions to motor gasoline. This 

includes topping and hydroskimming plants, and some lube 

and asphalt plants. The next level of complexity is "gas 

oil conversion" which includes refineries which can 

convert heavy gas oil fractions to light products. They 

include cracking units, but only those which do not have 

the capacity to process more than fifty percent of vacuum 

residuum through conversion facilities. The most complex 

refinery is the "deep conversion" refinery which is a gas 

oil refinery that has the capacity to process more than 

fifty . percent of its vacuum residuum through its 

conversion units; usually consisting of coking, residual 

catalytic cracking, and hydroprocessing units. The 

definitions are still based on the downstream capacities 

of the refinery, but they only consider its ability to 

produce light and heavy products. It once again starts 
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from an engineering basis, but does allow for the 

conversion processes utilized. 

3.6 API Refinery Flexibility Index 

The refinery flexibility index developed here is a 

variant of the output complexity indices discussed in the 

previous section. It measures the industry's (all 

refineries combined) increase in its output slate's 

weighted average API, relative to the weighted average API 

of its crude oil and feedstock inputs, and is called the 

API Flexibility Index15 • Like the other output complexity 

measures, it measures the industry's ability to increase 

the value of its hydrocarbon inputs by producing lighter 

products. However, the index does not arbitrarily divide 

the product slate into light and heavy products or only 

look at the volume of production. Instead, it uses each 

product's API as the basic unit and measures the 

industry's ability to produce a higher API product slate. 

The Index presented here is applied to the overall 

refinery industry, but could just as easily be applied to 

an individual refinery, or a group of refineries. Since 

15. The unit of measure for refinery flexibility has to 
be common across all petroleum products. The two most 
common are degree API and Btu content. The Btu content 
measure is not reported for all crude oils and would have 
to be estimated. This would have introduced another 
potential error into the index. The API measure is more 
desirable because it can be found for all crude oils in 
its assays. 
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all products and crude oil streams have an estimated API 

and the measure has a direct relationship to the product's 

heat content (and value), the API Index can better 

distinguish the industry's ability to add value to its 

inputs16 • 

The petroleum products included in the product slate 

used to calculate the API Index consist of six relatively 

aggregated product groups and are presented in Table 3.5 

along with their associated API degrees17 • LPGs are 

usually called the light-ends, and constitute the gaseous 

or liquid-gas petroleum products with a chemical structure 

of one to four carbons. The naphthas, both light and 

heavy, are the main components of gasoline. The light 

naphthas (sometimes called straight-run gasoline) are of 

high API and used directly or as blending stock. The 

heavy naphthas are generally unstable and require some 

processing to be used as gasoline. The naphthas are the 

lightest liquid petroleums and have the lowest specific 

gravity. Kerosenes are the next lightest petroleum 

products and constitute a small percentage of the natural 

fraction of crude oils18 • Light gas oil and diesel 

16. LPG degrees API are not widely used or published. A 
low end estimate was used in calculating the average API 
of the output product slate. 
17. They are obtained from crude oil assays as reported 
in The Oil Data Book (1988), and by the Bureau of Mines in 
their BOP Data Database. 
18. Kerosene is sometimes included as a light gas oil. 
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Table 3.5: Product Slate Used to Calculate Refinery Flexibility 

Product Boiling API Specific 
Range F. degrees Gravi~y 

LPG < 30 80 - 85 .50 - .58 

Light Naphtha 30 - 120 60 - 75 .69 - .74 

Heavy Naphtha 120 - 205 40 - 60 .74 - .83 

Kerosene 150 - 300 45.6 .80 

Light Gas oil 200 - 380 < 40 >.82 <.90 

Heavy Gas Oil > 380 < 28 >.90 

Source: OECD Quarterly Oil & Gas Statistics, Volume 2, 1987 
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constitute the middle distillates from within the crude 

oil and are comprised of many different petroleum products 

including a variety of heating oils. The heavy gas oils, 

also called residuum or residual oil, are the heavier 

heating oils, residual oil, and bunker oils. They 

constitute the heavier of fractions found in the crude 

oil; derived after the long-residue (the bottoms of the 

atmospheric distillation unit) is processed through the 

vacuum distillation unit. The actual amount of product is 

a function of the refining process and the quality 

standards as determined by the nation's governing 

agency19. 

3.6.1 Calculating the API Flexibility Index 

The API Flexibility Index is the ratio of the sum of 

the weighted average API of the refinery industry's output 

product slate relative to the sum of the weighted average 

API of its inputs, adjusted for fluctuations in the crude 

oil inputs' atmospheric product slate during each time 

period. Mathematically it is stated as follows: 

19. Most industrial countries have the same or very close 
product standards. Some countries, particuiarly the 
poorer nations, have lower quality specifications for 
their products. 
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:EACTAPIt 

FLEX = 
------------ = --------

ACTAPI = The average degree API of the actual 
product slate produced by the refinery 
industry during time t' 

ATMAPI = The average degree API of the atmospheric 
product slate of the refinery's hydrocarbon 
input during time t' 

INPAPI = The average degree API of the crude oil and 
refinery feedstock input of the refinery 
industry during time t' and 

t = The time period of production. 

The weights of the actual and atmospheric product 

slates are calculated by taking the percentage 

contribution of each product to the total product slate 

produced during the period. The weights are then 

multiplied by the ASTM minimum average API for each 

product and summed to get the API of the overall product 

slate20 . The refinery input weights are determined by the 

percentage contribution of a specific crude oil and 

feedstock to the total refinery input. The percent 

20. Using the ASTM minimum gravity weight for the actual 
product slate is not too unrealistic an assumption since 
the product would not be reported as the product if it did 
not meet the minimum standard. Also, if the product had a 
higher API than the minimum, it would probably be blended 
to lower its API. 
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contribution is then multiplied by the crude oil's and 

feedstock's API and summed to determine the API of the 

refinery input. 

The numerator of the flexibility index is defined as 

the weighted sum of the average API of the product slate 

actually produced by the refinery industry relative to the 

refinery input's weighted average API. It shows how the 

refinery industry has changed the chemical composition of 

the crude oil by refining and manufacturing a lighter 

product for the marketplace. The larger the numerator, 

the more light products are produced relative to the 

heavier products and the higher the weighted API of the 

refinery's output. The increase in the numerator may be 

caused by an increase in the refinery input's API, the 

increase in the API of the natural product slate in the 

inputs irrespective of the input's API, increased 

downstream processing of the input, or all three. 

In order to eliminate the effect of changing refinery 

flexibility caused by changes in the natural product slate 

found in the refinery's input, the numerator is normalized 

by the intrinsic natural product slate found in the crude 

oil. This normalization is needed because it provides a 

better measure of the refinery industry's ability to 

adjust its output slate. Without normalization the 
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flexibility measure would be distorted by improved crude 

oil input. 

The denominator is a ratio of the weighted average of 

the atmospheric distillation product slate API to the 

refinery input weighted average API. The atmospheric or 

natural product slate API is calculated by taking the 

product slate that would have been produced had the input 

been separated into its natural cuts only through 

atmospheric distillation. For each crude oil and 

feedstock, the natural product slate is determined and 

then weighted by its contribution to the total refinery 

inputs. Then each product is summed to determine the 

total amount of each product that would have been produced 

had the input only been distilled. Once the natural 

product slate is determined, its API is calculated in the 

same way as the actual product slate21 • 

Although each product may be greater or less than the 

atmospheric cut due to downstream processing, in the 

aggregate the API of the atmospheric product slate has to 

21. The use of the ASTM standard for the atmospheric 
product slate will actually lower the API that is produced 
by atmospheric distillation of the crude oil. This is 
because the API of a crude oil assay based on the 
atmospheric product slate is the average API for each 
given product cut. Depending on the crude oil's weight, 
impurities and other characteristics, each product can 
have a different cut point and API value. 
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be equal to or less than the actual product slate after 

adjusting for refinery losses and gains. 

The final step in calculating the API flexibility 

index is to smooth the data to eliminate any downturns in 

refinery industry flexibility. Since the index as used 

here is a short-term measure, once a level of flexibility 

is attained, it is difficult for that level to decrease. 

Any downturn in the flexibility measure is likely to be 

caused by excess capacity in the industry or seasonal 

fluctuations in product demand. The data are therefore 

adjusted to reflect a refinery's highest attainable 

flexibilit y22. 

Table 3.6 shows the process used in calculating the 

API flexibility index for West Germany from the first 

quarter of 1978 to the second quarter of 1987. The first 

three columns show the weighted average API of the actual 

and atmospheric product slates and the refinery inputs, 

respectively. The last three columns show the stages of 

development of the flexibility index. The first index 

shows the index before it is adjusted for the atmospheric 

22. Theoretically it is possible for the refinery 
industry to experience a downturn in its overall 
flexibility, but this would require the closing of 
refineries with a large percentage of the downstream 
capacities. Usually the industry closes the most 
inefficient refineries, those being hydroskimmers or 
relatively simple refineries. As a practical matter, 
adjusting the data should not lose any predictive power. 
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Table 3.6: Example of API Refinery Complexity, West Germany 

ACTUAL ATMOS INPUT ACTUAL ACTUAL FLEXI-
DATE API API API INPUT ATMFEED BILITY 

7801 39.69 37.14 35.56 1.12 1.07 1.08 
7802 39.91 36.97 35.08 1.14 1.08 1.08 
7803 39.46 36.77 34.74 1.14 1.07 1.08 
7804 39.56 36.73 34.82 1.14 1.08 1.08 
7901 39.57 37.29 35.53 1.11 1.06 1.08 
7902 39.74 36.82 34.83 1.14 1.08 1.08 
7903 39.81 36.89 35.06 1.14 1.08 1.08 
7904 39.74 37.06 35.24 1.13 1.07 1.08 
8001 39.56 36.59 34.43 1.15 1.08 1.08 
8002 39.67 36.36 34.10 1.16 1.09 1.09 
8003 39.97 36.04 33.22 1.20 1.11 1.11 
8004 39.79 36.05 33.39 1.19 1.10 1.11 
8101 41.28 36.41 33.47 1.23 1.13 1.13 
8102 41.59 35.71 32.94 1.26 1.16 1.16 
8103 41.55 35.67 31.88 1.30 1.16 1.16 
8104 41.14 35.60 32.15 1.28 1.16 1.16 
8201 41.28 35.47 32.13 1.28 1.16 1.16 
8202 41.54 35.28 32.00 1.30 1.18 1.18 
8203 41.59 35.39 32.85 1.27 1.18 1.18 
8204 41.40 35.90 33.68 1.23 1.15 1.18 
8301 42.10 35.21 32.95 1.28 1.20 1.20 
8302 42.15 34.99 32.53 1.30 1.20 1.20 
8303 42.16 34.94 32.47 1.30 1.21 1.21 
8304 42.20 35.21 33.24 1.27 1.20 1.21 
8401 42.25 35.31 33.68 1.25 1.20 1.21 
8402 42.16 35.16 33.48 1.26 1.20 1.21 
8403 42.52 34.59 32.76 1.30 1.23 1.23 
8404 42.39 35.02 33.24 1.28 1.21 1.23 
8501 42.46 35.96 34.20 1.24 1.18 1.23 
8502 42.85 34.93 33.26 1.29 1.23 1.23 
8503 42.63 34.57 32.85 1.30 1.23 1.23 
8504 42.82 35.34 33.58 1.28 1.21 1.23 
8601 42.57 36.06 34.09 1.25 1.18 1.23 
8602 42.50 35.60 33.58 1.27 1.19 1.23 
8603 42.56 35.51 33.67 1.26 1.20 1.23 
8604 42.74 35.36 33.56 1.27 1.21 1.23 
8701 42.75 35.65 33.76 1.27 1.20 1.23 
8702 42.99 35.68 34.18 1.26 1.20 1.23 

Source: Calculated by the author. 
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product slate found in the refinery industry's crude oil 

inputs. The next column shows the index after adjustment 

for the atmospheric product slate, but before adjustment 

for apparent decreases is capital utilization. The final 

column is the API Flexibility Index. The same information 

is presented in Figure 3.2. Note that the unadjusted 

index is higher than the adjusted series. This is because 

crude oil API only reflects the average API including 

impurities, once the impurities are eliminated, the 

crude's API increases. 

3.6.2 API Flexibility versus Complexity 

The API Flexibility Index differs from Nelson's 

complexity factor in the following ways: 

1. The API Flexibility Index can be used to measure 

flexibility at different levels of refinery 

aggregation, from a single refinery's flexibility to 

a the sum of all refineries.· Unlike the Nelson 

Complexity Index, it is not limited to the single 

refinery. Although it can be used to calculate an 

individual refinery's flexibility, the data 

requirements would be tremendous. 

2. The API factor incorporates the actual 

production undertaken by the refinery industry during 

the period. Instead of following Nelson's and the 
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more traditional measures which assume all processes 

are economical and calculate the factor based on the 

refinery's capital structure, the API complexity 

takes into account only the products that the single 

refinery or a combination of all refineries actually 

produced. In this way the demonstrated, instead of 

the technically possible, flexibility of the refinery 

is incorporated into the measure. 

3. The complexity factor can decrease as well as 

increase without any change in the capital structure 

of the refinery. Nelson's complexity was set 

irrespective of the level of use of the given 

refinery. If the refinery was only using its 

atmospheric operations, it had the same complexity as 

if it were operating all its components at full 

capacity. The API measure accounts for the changing 

capacity utilization of the refinery. 

Nelson's complexity is the upper limit of a 

refinery's API complexity. Once the industry has 

reached a certain level of complexity it will stay at 

that higher level due to the capital structure of the 

refinery. 

4. Capital costs of the processes are not directly 

incorporated into the weights of the complexity 

factors. However, Nelson adjusted the complexity 
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weights to reflect the capital costs of the specific 

downstream processes. In this way he was able to 

compare the operating costs of refineries with 

different complexities. 

5. Nelson's measure was based on the cost 

structure, capital configuration and pollution 

control requirements in the us. To adjust for other 

major markets, he would periodically- publish 

adjustment factors. The API factor can be applied to 

any nation since it is not based on local capital 

requirements and costs, but rather on actual industry 

behavior. 

It is a better measure of the refinery's ability to 

adjust to changes in the demanded product slate because it 

directly takes into account the products the refinery 

produces, irrespective of the installed capacity. 

3.7 Summary 

The refinery's ability to adjust its output slate to 

meet changes in market conditions gives it control over 

the type and amount of petroleum which enters the country. 

The refinery's technical sophistication gives it the 

ability to adjust its output while market conditions 

provide it with the incentive to change its output slate. 
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Traditional indices of a refinery's technical 

sophistication, such as complexity, only measure the 

refinery's ability to produce different product slates and 

not actual flexibility. As a measure of an individual 

refinery's processing capability, it does not allow for 

the optimizing behavior of more than one refinery or of a 

national refinery. 

The API Flexibility Index measures a refinery, group 

of refineries, or all of a nation's refineries' 

flexibility based on the quality of actual production. It 

takes into 

produced 

account 

by the 

the product slate which actually is 

refinery relative to the simple 

distillation of the refinery's hydrocarbon inputs. 



CHAPTER FOUR 

A TRANSLOG, TWO-STAGE LEAST SQUARES 

MODEL OF DOMESTIC PETROLEUM FLOWS 

4.1 Introduction 
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A nation's input petroleum flow consists of the crude 

oil it uses to produce a specific petroleum product slate, 

imported petroleum products or a combination of both. The 

assumed national refinery purchases crude oil and other 

hydrocarbon inputs (such as reduced crude oil and residual 

oil) to process into a nationally demanded product slate 

and/or for export1 • That portion of the product slate 

that is not locally produced must be imported. Therefore, 

total petroleum product consumption (the sum of all 

products purchased) is met by either domestic or foreign 

refinery production. All crude oil inputs are denominated 

in US dollar terms, whether produced domestically or 

imported. All petroleum products, including reduced crude 

and other refinery feedstocks, are traded in local 

currencies2 • 

1. Exported petroleum products may consist of excess 
product that is not demanded locally or product which was 
specifically refined for the export market. An example of 
the latter is naphtha for export to petrochemical plants 
or gasoline for a market that does not have its own 
refinery. 
2. Kerosene is sometimes denominated in dollars because 
it is used by the international aviation market. A 
domestic market for kerosene exists when kerosene is used 
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The dollar exchange rate affects petroleum flows 

through its direct effects on crude oil imports and 

indirect effects on product imports. Exchange rates 

directly affect crude oil import flows through their 

effects on the domestic price of dollar denominated crude 

oil. As the exchange rate fluctuates, crude oil's 

domestic price changes, putting pressure on the refinery 

industry to adjust to the new relative price. 

Indirect effects occur through changes in imported 

product flows due to changes in import versus domestic 

product prices, and the relative rates of change (and 

direction) of the dollar exchange rate and crude oil's 

dollar price. In the short run, dollar exchange rates 

have only a small effect on the domestic price of imported 

petroleum products, which are generally not denominated in 

dollars. The changes occurring as a result of dollar 

exchange rate fluctuations are due to adjustments in the 

bilateral (non-dollar) exchange rate of the trading 

countries and product price changes due to changes in 

crude oil input costs in the product exporting country. 

As shown in Chapter Three, Section 3.3, crude oil and 

product import markets are linked by the rate at which one 

flow substitutes for the other. As the domestic price of 

for heat and light, particularly in developing countries. 
This market is denominated in local currencies. 
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crude oil relative to that of imported products changes, 

the flow shifts between them. 

This chapter discusses the methodology used to 

estimate exchange rate effects on crude oil imports. The 

first section discusses the separability between the 

dollar exchange rate and the world crude oil price. The 

second section defines the functional form used. The 

third section presents the general form of the structural 

model to be estimated: the general structure of the 

model's four equations, irrespective of the country being 

estimated, as well as the expected signs and variables 

used. The last section discusses the specific estimation 

technique used to estimate the model. 

4.2 Weak Separability of the Domestic Price 

The ability to separate domestic crude oil price 

effects into two main component parts - the dollar price 

and the exchange rate - allows the model to measure the 

effect of dollar exchange rate changes on petroleum flows. 

By definition, 

Pd = f(P w' EXi$)' 

where Pw ~LPjQj/Qi' and{ Pj is the dollar crude oil price 
from the ]th country. 

If Pj and EXi$ are independent, hence separable, 
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Weak separability means that the effect of a change in the 

exchange rate will have little or no effect on the dollar 

price of crude oil, that is3 , 

This allows both the dollar price and exchange rate to be 

separately included in the analysis and be tested for 

their different effects on short run petroleum flows. 

Past studies, such as Brown and Philips (1984) and 

Huntington (1986), have failed to separate the two 

effects. Instead, they estimate an average effect of both 

terms by constraining the coefficients of the two 

variables to be equal. This restriction causes the model 

to estimate the average effect of the two terms on 

petroleum flows. In the short-run, it is reasonable to 

3. As the economic literature shows, the distinction 
between weak and strong separability is not clear. The 
assumption of separability of inputs in the production 
function has been widely tested over the last few years 
with mixed results. Berndt and Christensen (1973) provide 
one of the first and more comprehensive discussions of 
separability. Berndt and Wood (1975) showed separability 
existed between labor and capital, but capital and energy 
were complements. Halverson and Ford (1976) tested energy 
separability in the production function and found it to 
hold for four of eight two-digit SIC industries. The 
distinction between strong and weak separability did not 
enter the earlier studies. In later studies such as 
Marquez (1984) , strong separability in inputs into the 
production process is assumed to allow him to estimate a 
CES production function in stages. His use of strong 
separability meant that the optimal level of each input in 
the production process did not depend on the others. 
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expect the two price determinants to have different 

effects on the petroleum flows because refiners would be 

expected to react differently to the separate fluctuations 

in the financial and crude oil markets. As the time 

frame is extended, separability would no longer hold. 

Crude oil is a major traded good and the two markets 

adjust to an optimal level that reflects their relative 

values in the national and world markets. 

4.3 The Translog Function - A Flexible Functional Form 

The form of the production function used in 

estimating the derived demand for crude oil imports is 

determined by the purpose of the model. Models are of 

three general types: structural; forecasting; and policy 

analysis. Structural models describe underlying economic 

relationships. Forecasting models the future values with 

or without structural relations. Policy models explain 

the economic relationships of the problem that are policy 

issues 4 • 

While the analysis of the effect of exchange rates on 

crude oil can fall into any of the three categories, the 

purpose of this study is to measure the underlying 

economic structure of the domestic petroleum industry and 

4. See Intriligator (1978), 
Pindyck and Rubenfeld (1985) 
different purposes of a model. 

Koutsoyiannis (1978), or 
for discussions of the 
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its flows. This allows for a greater understanding of the 

interrelationships between crude oil's domestic price 

determinants (the dollar exchange rate and crude oil's 

dollar price) and the nation's short-run crude oil and 

product demand. 

Since the purpose of this study is to measure the 

underlying effect of exchange rates on the flow of crude 

oil, the functional form of the equation should be 

flexible enough to capture these effects without the 

encumbrance of apriori restrictions. The class of 

equations that fits this requirement are flexible 

functional form equations. These equations allow for the 

estimation of direct and indirect elasticities and place 

no a priori restriction on the coefficients being 

estimated. Among the flexible form equations, the 

translog function has gained popularity as economists have 

tried to measure the structure of the production function, 

its associated cost function, and demand. A translog 

demand function is used to estimate the share of crude oil 

imports5 • 

5. The translog production function exhibits nonunitary 
elasticity of substitution and is quite flexible in 
approximating arbitrary production technologies in terms 
of substitution possibilities. It provides a local 
approximation of the production frontier, demand function 
and price frontiers. 
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Intriligator (1978) describes the translog function 

as a generalized Cobb-Douglas production function which is 

quadratic in the logarithms of the variables 6 • It is a 

second-order approximation of an arbitrary production 

function. The general form of the trans log function for 

n inputs is 

n n n 
lny = a. + k Pi lnxi + k k Pij lnxi * lnxj 

i i j 

where xi is the ith input and A •• =A •• 
I-'1.J I-'J1.. The translog 

exhibits a non-unitary elasticity of substitution. The 

elasticity of y with respect to xi is calculated by adding 

the cross terms of xi to the coefficient, Pi' of the 

variable xi times Xj' that is 

Y 
E 

xi 

n 
= Pi + k Pij * lnxj 

j 

6. The term "Translog" as related to the flexible 
functional form is short for "Transcendental Logarithmic" 
functions which were originally developed by Christensen, 
Jorgenson and Lau (1973). The general structure of the 
translog functional form has been used to estimate the 
production function, cost function and demand function. 
Christensen, Jorgenson and Lau (1975), Berndt and Wood 
(1975), Fuss (1977), Halverson and Ford (1978) and Berndt 
and Wood (1979) have used the same basic form to estimate 
cost functions. Humphreys and Moroney (1975), and Moroney 
and Toevs (1977) have used it to estimate production 
functions. Harris and Jeon (1987) have used a level 
translog function to estimate demand functions. 
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form of 

elasticity measures the full elasticity of xi on y and 

adds a flexibility in the equation that is not available 

in the standard Cobb-Douglas production function. The 

direct elasticity of xi is measured by ~i' The indirect 

effects on the elasticity are measured by the cross terms. 

The economic structure of the function is determined 

by the restrictions added to the coefficients of the 

model 7 • The translog function reduces to the Cobb-Douglas 

function when the ~ij parameters equal zeroS. Pindyck 

(1979) provides a comprehensive discussion of how the 

translog function, including both the indirect translog 

utility and production functions, reduces to a Cobb

Douglas type function 9 • Moroney and Trapani (1981) extend 

the assumption of the basic model to account for technical 

changes, thereby showing the translog function can be used 

to estimate an aggregate production function which 

includes technical change. 

7. The translog is commonly estimated in terms of shares 
to facilitate the interpretation of the variables, but 
this is not required. For a discussion of the economic 
restriction of a share translog function see Pindyck 
(1979) and Moroney and Trapani (1981). 
8. Intriligator further notes that this function is also 
not invariant to a change in units. 
9. For the indirect utility function Pindyck adds the 
assumption of stationary preferences, eliminating any 
intergeneration sUbstitution. Since the model used in 
this study is a derived demand model based on an aggregate 
production function, this assumption need not be added. 
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4.4 The Model 

The model presented here is a short-run, 

simultaneously determined, four equation model of a 

country's petroleum flows. It is a simplified view of the 

market's two major petroleum flows crude oil and 

petroleum products. The two flows are linked together by 

the rate at which petroleum product imports substitute for 

total refinery crude oil inputs needed to satisfy final 

product demand. The time period is assumed to be too 

short for changes in total product demand or substitution 

between petroleum and other energy forms. 

Table 4.1 presents the general form of the model's 

four equations for a given country, i. The dollar 

exchange rate enters the model through its effect on crude 

oil imports. The direct effect is measured by including 

the dollar exchange rate, EXRi$, separately from the world 

dollar crude oil price, PW. Indirect effects are measured 

through the joint effects of the exchange rate and 

imported products' weighted average price. That is, the 

translog term which multiplies the natural log of the 

exchange rate by the log of the weighted average price of 

all product imports. In a more detailed model, the 

indirect effects could be measured through individual 

equations representing the specific product import 
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Table 4.1: Short-Run Petroleum Flow Model 

Equations: 

Eq1 MC2REFi = a * EXR· $ (~1+~12*PPEX.) * pW1J2 * FLEX·p3 
l. l. l. 

* MP2TPPiIW 

Eq2 = 

Eq3 = a * pw+1 * PPEX· +2 * FLEX. +3 
3. l. 

Eq4 = 

Variables Definitions: 

MCi = 

MC2REFi = 

MP2TPPi = 

REF2MPi = 

EXRi$ = 

PW = 

FLEXi = 

PPEXi = 

TPPi = 

Crude oil inflows into country i, includes 
domestically produced crude oil. 
The proportion of total crude oil imports to 
total refinery inputs to country i. 
The share of petroleum products imported into 
country i relative to total petroleum product 
consumed. 
The ratio of total refinery inputs to total 
imported product to country i. 
The dollar exchange rate of country i, amount of 
domestic currencies needed to buy one United 
States dollars. 
The world dollar price of Arabian Light crude 
oil. 
The API-Based Flexibility Index of the domestic 
refinery industry. 
The weighted average price of petroleum products 
imported into the country. 
Total petroleum product purchased within a 
country, in metric tons. TPP is the sum of 
total domestic product consumption and total 
product exports. 

148 
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markets. Data limitations make it impossible to estimate 

the indirect effects of the dollar exchange rate. 

4.4.1 Crude Oil's Proportion of Refinery Inputs 

The first equation models a country's crude oil flows 

by estimating the proportion of total crude oil imports to 

total refinery inputs. For any country i, crude oil's 

proportion of total refinery inputs, MC2REF i' is defined 

as the ratio of crude oil imports to total refinery 

inputs. The refinery industry's inputs consist of the sum 

of the domestic and imported crude oil, which are traded 

in dollars, and refinery feedstocks (reduced crude oil, 

residuum and light fuel oil) which are traded in local 

currencylO. Because all crude oils are denominated in 

dollar terms, irrespective of the producing country, crude 

oil imports are defined as the sum of crude oil imports 

from foreign countries and domestic crude oil production 

available for local consumption11 • Domestic producers 

10. Only purchased or transferred feedstocks are 
accounted for by the data. Any part of the refined crude 
oil input that is recycled by the refinery to make another 
product is not accounted for by the data. The primary 
criterion for being included in the data is that ownership 
of the product was transferred. 
11. If crude oil wasn't denominated in dollar terms, this 
assumption would not hold. As exchange rates fluctuate, 
the domestic price of crude oil would change relative to 
foreign crude oils. There would be a competitive 
(dis)advantage over the other crude oils. The model would 
have to change to reflect this. 
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have no incentive to adjust their prices since the price 

they receive has not changed12 • 

In the short run, MC2REFi is a function of the share 

of total imported petroleum product relative to the total 

petroleum product consumed by the nation, MP2TPPi' the 

refinery flexibility of the domestic crude oil refinery 

industry, FLEXi' the dollar price of crude oil, PW, and 

the country's dollar exchange rate, EXRi$' Specified as a 

trans log function, the equation is represented as 

MC2REFi = 

Taking the natural logs of both sides of the equation 

yields: 

12. Defining crude oil imports to include domestic 
production may appear strange at first. Once the market 
mechanism is considered, it becomes apparent that the 
refinery industry, by denominating all crude oils in 
dollars, does not distinguish between domestic or foreign 
crude oils. A change in the domestic dollar exchange rate 
will change the domestic price of all crude oils, even 
those locally produced. Although vertically integrated 
firms may not have the same incentives to substitute into 
other crude oils on an opportunity cost basis, they cannot 
distinguish between local or foreign crude oils. In 
general, they would use the crude oil which maximizes the 
firms total profits, irrespective of where it is produced. 
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= A + + 

b12*ln(EXRi$)*ln(PPEXi) + b 2*ln(PW)+ 

b3*ln(FLEXi) + b4*ln(MP2TPPi)· 

The equation is specified in the translog functional 

form in the exchange rate term, EXi$' so the full effects 

of dollar exchange rate fluctuations can be estimated. 

The direct effect of the dollar exchange rate on crude 

oil's input share is measured by the term, b1*ln(EXRi$). 

By estimating the equation in logs, b 1 can be interpreted 

as the dollar exchange rate elasticity for crude oil's 

share of refinery inputs. b 1 measures the percentage 

change in crude oil's refinery input share as a direct 

resul t of a percent change in the dollar exchange rate. 

b 1 represents the dollar exchange rate elasticity with 

respect to the ratio of crude oil imports to refinery 

inputs. The expected sign of b 1 is negative since an 

increase in the dollar exchange rate increases the 

domestic price of crude oil. 

The indirect effects of the dollar exchange rate, 

which work through the product markets, are measured by 

the translog cross-term, b12*ln(EXRi$)*ln(PPEXi). 

= 0, the dollar exchange rate would have no indirect 

effect on the crude oil input share and the equation would 

have the well-behaved qu?.litiE;~s of a Cobb-Douglas 
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function. The expected sign of b 12 is indeterminate. The 

sign depends on the relative importance of product imports 

to the total supply of products in the nation and the 

change in imported product prices relative to the change 

in crude oil prices. 

The total effect (both direct and indirect) of the 

dollar exchange rate, measured in elasticity terms, is 

Me 
E = b 1 + b 12 * In (PPEXi) • 
EXi$ 

The expected sign of the total effect of the dollar 

exchange rate is a function of the relative importance of 

its component parts. For most countries, the expected 

sign would be negative since the crude oil component would 

have a greater relative effect than the cross-term effect. 

In countries which depend on both crude oil and petroleum 

product imports and exports, the sign could be positive13 • 

The nominal dollar crude oil price, Pw' is used 

because the time period is too short for the refinery 

industry to adjust to the real price effects. Over the 

long run, the refinery would ultimately be forced to 

13. The translog function presented here differs from the 
traditional translog in that it uses levels, not shares, 
to estimate the elasticities of sUbstitution and measures 
a derived demand function not a cost or production 
function. 
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account for the real price of its product which would 

affect the demand for crude oil inputs. The expected sign 

of the dollar price is negative. As Pw increases 

(decreases), MC2REFi would decrease (increase). 

Like most capital-intensive processes, crude oil's 

input share is also dictated by the technical structure of 

the refining industry and operates within the constraints 

of this technical capacity. The more flexible the 

process, the more the industry can vary its crude oil 

requirements and output product slate. To measure the 

technical constraints on the crude oil share of inputs a 

measure of the national refinery industry's overall 

flexibility, FLEX, was developed. FLEX is a crude oil 

API-based measure of flexibility which shows the refinery 

industry's ability to upgrade inputs to more valuable 

products and to use lower grade crude oil, reduced crude 

and residuum for inputs. The coefficient b3 measures the 

change in crude oil's input share as flexibility 

increases. It is assumed that short-run flexibility 

cannot be reduced once refinery capacity is installed. 

The final term in the equation is a measure of the 

total petroleum product imports, which is a direct 

substitute for crude oil imports. It is incorporated in 

the equation as the proportion of product imports to total 

products consumed in the country, MP2TPPi' and represents 
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the amount of petroleum products that are not produced by 

the domestic refinery industry14. As embodied crude oil, 

MP2TPPi is a 

negative sign. 

substitute for crude oil inputs and has a 

An alternative to using MP2TPPi is the weighted 

average domestic price of imported petroleum products, 

PPEXi is the cost of the component parts of 

MP2TPPi and is, therefore, a linear combination of 

heterogeneous product quantities and prices. By including 

the quantity of products in the calculation of PPEX, the 

aggregate price is nonhomothetic. The main problem with 

using PPEXi is that there is an a priori expectation that 

multicollinearity exists between it and Pw. Huntington 

(1986) shows that a country's average domestic petroleum 

price is linearly correlated with the price of its crude 

oil inputs, particularly at high crude oil prices. By 

assuming that operating costs are constant over the short 

run, changes in crude oil costs tend to cause changes in 

the average product price in a similar proportion. He 

further stated that crude oil prices could be used as a 

proxy for product prices in estimating aggregate oil 

demand because the demand elasticity with respect to crude 

oil price rises toward that of product price demand 

14. Due to data limitations, a portion of product 
imports, MP, includes refinery feedstocks. 
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elasticity as crude oil's price increases. Tests of the 

correlation between PPEX and Pw for various countries 

revealed that there was over ninety percent correlation 

between the two, even though the products comprising each 

country's imports were different. 

4.4.2 Import Product Share of Total Consumption 

The second equation models the rest of petroleum 

flows into a nation imported petroleum products. 

Petroleum products are imported to satisfy the demand for 

fi~al consumption and as a refinery process input. They 

are direct substitutes for crude oil since their 

consumption eliminates the need for imported crude oil. 

Unlike crude oil, these products are usually denominated 

in the local currency of either the refining or importing 

country. The bilateral exchange rate between refiner and 

consumer and not the dollar exchange rate directly affects 

product imports. As the product's price changes relative 

to crude oil's price due to exchange rate differences, 

product demand changes. This is true for products used as 

a feedstock by refineries and for final consumption by 

consumers. Therefore the dollar exchange rate term is not 

included in the equation for petroleum product imports. 

The equation estimates , MP2TPPi' the product imports 

as the share of petroleum products imported into the 
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country relative to total product consumed. Product 

import shares are a function of the domestic import price 

of each petroleum product, the capital structure and 

flexibili ty of the domestic refinery industry to supply 

demanded products, and the import share of crude oil 

imported to be processed, MC2REFi· Since it is beyond 

the scope of this study to model each product market, the 

weighted average product price, PPEXi' is used as an 

approximation to the aggregation of individual prices 

realized by the refinery. FLEXi' as defined in the 

previous equation, is used as a proxy for the refinery 

capital structure. The equation is a simple log-linear 

function of the following form15 : 

= a * PPEXi dl * FLEXi d2 * MC2REF i d3 

Taking the natural logs of both sides, the equation is 

linear and yields: 

= A + d1*ln(PPEXi) 

d3*ln(MC2REFi) . 

+ d2*ln (FLEXi) + 

15. In a more elaborate model, the effects of bilateral 
exchange rates on each product could be modeled. 
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As a price variable, PPEXi would be expected to have 

an inverse effect on the flow of imported products. As 

PPEXi increases, the demand for imported product would 

decrease16 • Like the crude oil share equation, PPEXi is a 

nominal price because the time period is short-run~ 

FLEXi can have two effects on the short-run demand 

for imported products. First, it decreases the amount of 

petroleum products imported since the domestic refinery 

can better react to changing product needs and supply the 

product itself. Secondly , it can increase the use of 

products as refinery feedstock, thereby increasing the 

need for imports. Under both circumstances it will have 

an influence on imported products and should be 

included17 • 

MC2REFi is endogenously determined in the first 

equation and has the potential of having a great effect on 

the amount of total petroleum products imported into the 

16. Since PPEXi is a price for a normal good, there will 
an inverse effect on demand. It is conceivable that the 
normal price effect may not be seen· in actual behavior 
since demand for petroleum products is determined by its 
own costs and the relative costs of crude oil. If a 
country requires only a small fraction of its total 
product consumption to come from imported product, it may 
choose to import products when the costs of crude oil and 
its processing outweighs the costs of imported products. 
17. A problem that arises in this equation is the 
imprecise definition of product imports. Although product 
imported for feedstock are supposed to be reported 
separately from products for final consumption, this is 
not always the case. Some overlap of the data may occur. 
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nation. Since crude oil is a direct substitute for 

products, it is expected to have a negative sign. 

The current equation specification estimates the 

total quantity of petroleum products imported into a 

nation. In a more detailed model, total product imports 

would be calculated on the basis of estimates of the 

indi vidual product markets. That way, the individual 

factors of each market would determine the demand for 

product imports and the overall model would be able to 

more accurately determine crude oil substitution. By 

aggregating all product imports into one variable, this 

market detail is lost. 

4.4.3 Total Refinery Input to Product Imports 

The third equation links product imports with the 

crude oil flows by modeling the ratio of total refinery 

inputs to total imported products, REF2MPi. This equation 

basically estimates the rate of sub.stitution between two 

inputs in the nation's aggregate energy production 

function. Standard economic theory states that the rate 

of substitution between two inputs is a function of the 

ratio of each input's weighted average price. As the cost 

of one input increases, the other input will be 

substituted in the production process. Over time, 

technology and technical change will also have an effect 
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on the optimal input combination. Using refinery 

flexibility as a surrogate for the level of technology, it 

will affect the substitution between locally produced 

products (as represented by refinery inputs) and imported 

ones. 

The rate of substitution between the two flows is a 

function of the average prices of the individual flows, Pw 

and PPEXi' and the nation's refinery's flexibility, 

Mathematically the equation is log-linear of the 

following form: 

REF2MPi c: a * PWfl * PPEX· f2 * FLEX. f3 
~ ~ 

Taking the natural logs of both sides, the equation is 

linear and yields: 

In(REF2MPi) c: A + f1 * In(PW) + f2 * In(PPEXi) + f3 

* In(FLEXi) 

PPEXi would have an expected positive sign since an 

increase in product prices would induce an increase in 

refinery inputs. PW has an expected negative sign since 

an increase in the world crude oil price would cause the 

nation's refiners to substitute imported product for 

refinery inputs. FLEXi is included because it introduces 
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the technical capacity of the refinery industry to adjust 

to changes in the production function. FLEXi has a 

negative expected sign, since fewer refinery inputs are 

required to produce a given product slate. 

4.4.4 Crude Oil Imports 

The final equation calculates the level of crude oil 

imports needed to meet product demand given total product 

consumption: 

MC· = J. TPP * (MP2TPP * REF2MP * MC2REF) 

The equation is an identity in which MC, the level of 

total crude oil inflows, is the product of the level of 

total products consumed by the nation multiplied by the 

ratios of the dependent variables of the three other 

equations in the model. For any level of total product 

consumption, TPPi' the level of crude oil imports, MCi' 

can be calculated. This equation completes the model 

because it allows the exact level of crude oil imports to 

be determined without restricting the level of refinery 

inputs. 

4.5 Estimation Methodology 

Since the system of equations simultaneously 

determines a country's inflow of crude oil and petroleum 
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products, the model can suffer from "simultaneous-equation 

bias", requiring that the system of equations to be 

estimated using a procedure that corrects for the bias. 

One or more of the independent variables are no longer 

exogenous to the complete system. Instead, there is a 

feedback effect between the dependent and independent 

variables, without an unambiguous causality measure 

between terms. Kelejian and Oates (1981) show that a 

change in one variable during time t will have 'causation' 

running in the direction of all the interdependent 

variables. The interdependent right-hand-side variables 

are a function of the dependent variables in one of the 

equations making up the model. As the disturbance term of 

one equation changes, it directly changes the endogenous 

variable of that equation which, in turn, changes all of 

the other endogenous variables in the system. The 

endogenous variables used as independent variables in the 

model are contemporaneously correlated to the disturbance 

terms of the equations comprising the model. 

This violates the classical Ordinary Least Squares' 

assumption of independence among the independent variables 

and that the disturbance term and the covariance between 

the disturbance term, Ut' and the independent variable, 

Xt , is equal to zero, i.e., 
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Simultaneous-equation bias occurs when the 

independent and disturbance terms are not equal to zero, 

i.e., E(Xt,ut) is not equal to zero. Without correcting 

for the problem, OLS will yield biased and inconsistent 

estimators of all the coefficients in the equation. 

4.5.1 Correcting for Simultaneous Error 

To correct for the simultaneous-equation bias, 

several single-equation and system methods have been 

developed. The single-equation methods estimate the 

system of simultaneous equations one at a time. The 

system methods estimate the parameters of all identified 

equations as a set. They are called full-information 

methods because they use all available information on the 

structural model to estimate the parameters. While the 

system methods have a smaller asymptotic variance-

covariance matrix, they are more affected by mis-

specification errors because all parameters are estimated 

18. Kelejian and Oates (1981) also state that 
simultaneous-equation bias violates the classical model's 
assumption that the expected value of the disturbance 
term's mean is zero, E(Ut)=O. This is not necessarily the 
case since the bias can exist if the assumption is 
fulfilled. They even give an example where simultaneous
equation bias exists when all assumptions about the 
disturbance term are fulfilled except for independence of 
the disturbance term and the other regressors. 
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the available information from the system and estimates 

the individual equations. Full-information methods 

require knowledge of the variance-covariance matrix and 

are subject to specification errors. The method will work 

on all equations which are either just- or over

identified20 • 

4.5.2 Two-Stage Least Squares 

Two Stage Least Squares is relatively simple to 

implement and is intuitive. It is a two-step process that 

separates the structural model equations into exogenous 

and endogenous variables and uses the information to purge 

the system of simultaneous-equation bias. Kelejian and 

Oates (1981), Kennedy (1987) and Rubenfeld and Pindyck 

(1981) all provide a detailed description of the theory 

and the implementation of TSLS. Johnston (1981) presents 

a more rigorous proof of the procedure. In general terms, 

TSLS works as follows for each equation of the model: 

1. In the first stage, all of the endogenous variables 

on the right-hand side of the original equation are 

estimated in a reduced-form equation using Ordinary Least 

Squares (OLS). The independent variables of the reduced-

form equation consist of all the predetermined variables 

20. For just-identified equations, TSLS is identical to 
the Indirect Least Squares method. 
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in the system of equations. Predetermined variables are 

defined as the exogenous and lagged endogenous variables. 

The purpose of estimating the endogenous variable in its 

reduced-form is to develop an instrument variable of the 

original data series which is purged of its correlation 

with the disturbance term, that is, estimate 

..... 
Yi = Yi + v. 

Where' Yi = a fitted version of Yi' and 
v = the unrelated disturbance term. 

From the reduced form of the model, an instrument 

variable is calculated and is the fitted version of the 

endogenous variable. The fitted endogenous variables are 

no longer correlated with the original disturbance term, 

u. 

2. The second stage consists of substituting "yi, as 

estimated in the first stage, for yi on the right hand 

side of the structural equation. OLS is then used to 

estimate consistent estimators of the coefficients21 • The 

21. Unlike Indirect Least Squares and other estimation 
techniques, the exact nature of the estimated coefficients 
of the reduced-form equation and their relationship with 
the structural parameters is not important since they are 
not used in estimating the structural model. 
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new structural equation is purged of correlation between 

the independent and disturbance terms since the new 

* disturbance term, Ut ' has been transformed to include the 

disturbance term estimates in the reduced-form equation 

for the Yjth endogenous variable from the first stage, 

that is: 

yi = b·y· + a·x· + (Ut + b·v·), J J ~ ~ J J 

where * Ut = Ut + a j v j . 

By substituting the original data into the second 

stage estimates, consistent estimates of the variance and 

standard deviation can be derived. Kelejian and Oates 

(1981) show that the variance for the two-variable case 

is :22 

Al though the estimators are consistent and most of 

the other properties of the OLS model still hold, the 

estimators are still biased in small samples. As the 

22. Johnston (1981), Rubenfeld and Pindyck (1979) and 
Kelejian and Oates (1981) all provide a discussion of the 
properties of Two-Stage Least Squares estimators in order 
of decreasing mathematical rigor. 
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sample becomes larger and n --> N, the bias tends toward 

zero, that is, the TSLS estimates are asymptotically 

unbiased23 . 

4.6 Summary 

To measure the effects of dollar exchange rates on 

the flow of petroleum in a country, a simultaneously 

determined system of equations is developed to model the 

structure of the nation's two major petroleum flows. A 

flexible form trans log function was used to measure both 

the direct and indirect effects of exchange rates on the 

crude oil flows. Specified in log terms, the coefficient 

of each parameter is the elasticity of that parameter to 

the dependent variable. By selecting a period too short 

to change total petroleum consumption and refinery 

capacity, the model can calculate the current short-run 

split between crude oil and petroleum product imports into 

a country. 

23. See Koutsoyannis (1977) and Goldberger (1981) for a 
discussion. 
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CHAPTER FIVE 

EMPIRICAL RESOLTS 

5.1 Introduction 

This chapter presents the empirical results of the 

model as applied to the Federal Republic of Germany (West 

Germany), Italy and the United Kingdom. The criteria for 

choosing these representative countries were: 

1. Floating, market determined exchange rates with 
relatively little government intervention, 

2. A major consumer of crude oil and petroleum products, 
but not so large as to influence international crude oil 
prices by its own actions, 

3. A large domestic refinery industry influenced by the 
market mechanism and m~n~mum government controls over 
price and investment decisions, and 

4. Each country exhibits different crude oil-petroleum 
product import/export characteristics. 

In 1973, most DECO countries allowed the value of 

their currencies (relative to the currencies of other 

nations) to be determined by the international financial 

markets. Government intervention was kept to a minimum. 

Developing and oil producing countries tend to regulate 

their currencies by either fixing the exchange rate 

relative to one of the major currencies or allowing it to 

float within a small band relative to an intervention 

currency (particularly the US dollar). This may force 
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them to change the rate frequently, although the regulated 

exchange rate may not be equal to the market determined 

rate. 

The two countries which influenced the world crude 

oil price the most are the united States and Japan. As 

the world's largest consumers of trade crude oil, these 

countries have the potential of exerting pressure on world 

prices. Comparing the Japanese domestic crude oil price 

with the dollar world crude oil price shows that they have 

followed a similar time path and are comparable. (See 

Figure 2.4 in Chapter 2, section 2.5.2.) Japan was not 

included in the analysis because of its price influence1 • 

The other major non-Communist petroleum consumers do not 

consume enough petroleum to directly influence the world 

crude oil price. 

Most countries practice some form of product price 

regulation. As Kraples (1982) points out, only two 

European countries allow their local refinery industry's 

to set domestic product prices, West Germany and the 

United Kingdom2. All other European countries practice 

some type of price and refinery production regulation. 

The degree of government control and influence on 

1. Japan was also excluded from the analysis because its 
government controls the product market and changed its 
petroleum reporting system. 
2. The US is excluded because its currency is the 
dollar. 
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production must be considered when choosing the country. 

Krapels further pointed out that some countries have 

regulations that are not strictly enforced or allow local 

refineries to sell products internationally without 

regulations. Italy falls into this category. Price 

regulations are strictly enforced only during periods of 

wide fluctuation and the government encourages the local 

refineries to export products. 

This chapter is divided into four sections. The 

first three present the empirical results for each of the 

three countries. They discuss the results of the 

stochastic equations and the performance of the individual 

country models. The final section compares the 

performance of the overall model for the three countries. 

First the results for price component variables are 

compared. Second, the results of this study are compared 

with other studies. 

5.2 Evaluation of Model Performance 

To evaluate the overall performance of the model, two 

tests were applied to it. The first is described by 

Kennedy (1989), who states that a popular test of a 

model's overall predictive power is to regress the actual 

changes in crude oil import levels on the predicted 

changes and a constant. Its popularity has continued 
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despite Maddala (1977) pointing out that the method does 

not penalize models with systematic linear bias. Earlier 

Mincer and Zarnowitz (1969) had suggested that this can be 

corrected by regressing the actual level values on the 

predicted values and a constant. The biggest criticism of 

both types of regression is that they only look at the 

historical accuracy of the model. They do not say 

anything about how well the model will forecast future 

values of the dependent variable. Under both methods, a 

model has a good fit if the predictor's coefficient is 

close to one and the constant term is near zero with an 

insignificant Student t-statistic. 

Another method of testing the overall predictive 

power of the model is Theil's inequality coefficient (or 

Theil's U-Statistic). Theil's U-Statistic is defined as: 

U = 

where 

and, 

(lin) [~(yS - ya)] 1/2 

yS = the estimated value of Y during period i, 
ya = the actual value of Y during period i, 

n = the number of observations over which the 
model is simulated. 

The numerator is frequently called the mean-square of 

error (MSE) and shows the average deviation of the 

predicted values from the actual values3 . The denominator 

3. The mean-root-square as well as the root-mean-square 
of error (RMSE) and %RMSE are a common tests of a forecast 
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scales the U-Statistic so that it falls between zero and 

one. A U-Statistic of zero signifies a perfect fit. 

Theil (1966) shows that the U-Statistic can be decomposed 

into three parts: the bias (Urn), the regression (Ur ) and 

the disturbance (Ud ) proportions. They are defined as: 

= 

= 

where 
ya 
ers 
era 
p 

(ers - pera ) 
------------------
(lin) [L (yS - ya)] 

= 
= 
= 
= 

(1 - P ) era 
------------------
(lin) [L (yS _ ya)] 

yS = 
the 
the 
the 
The 

the mean of yS during the period t, 
mean of ya during the period t, 
standard deviation of yS during t, 
standard deviation of Ya during t, 
correlation coefficient of yS and ya 

urn corresponds to the tendency of the predictor to over-

or under-estimate the actual data, reflecting the extent 

to which the intercept term is non-zero. Ur corresponds 

to the systematic influences on the model and reflects the 

extent to which the slope differs from one. ud 

corresponds to the unpredictable error. For an optimal 

fit between the actual' and predicted values, Urn and Ur 

accuracy. See Maddala (1977) and Granger and Newbold 
(1977) for a description of RMSE and other measures of 
accuracy. 



173 

should not differ significantly from zero while Ud should 

be close to unity. These requirements are close to the 

requirements for the simple regression test. Both tests 

will be used to check the accuracy of the structural 

model. 

5.3 The West German Model 

West Germany is nearly totally dependent on foreign 

sources for its petroleum consumption. It imports both 

crude oil and petroleum products for domestic consumption 

with no significant product exports. The government has 

placed only a minimum of controls on the petroleum 

industry's investment behavior and pricing decisions. The 

refinery industry is competitive in both the domestic and 

international markets. Local refineries supply only sixty 

percent of demand. The rest is supplied by wholesalers 

who get their supplies from the international market. 

5.3.1 Overall Model Performance 

The West German model performed quite well, 

explaining over ninety-two percent of short-run variations 

in crude oil inflows. Figure 5.1 plots the actual and the 

fitted values for the model's crude oil imports as 

determined by the model's identity equation (as described 

in section 4.4, for the period of analysis). Regressing 

the fitted values of crude oil inflows (grmc_est) on the 
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actual values (grmc), as described by Mincer and Zarnowitz 

(1969) for the period from third quarter 1978 to second 

quarter 1987, shows: 

GRMC = 0.9637 * GRMC EST + 735.788 

R2 0.9232 
D.W. (1) 2.0619 

Adj. R2 0.9211 F 1,36 = 432.737 
Period 1978q1 to 1987q2 

The predictor's coefficient is close to one as the 

constant term is near zero, given the magnitude of the 

data. The coefficients indicate the model should be 

accepted. 

Applying Theil's U-Statistic to the overall model for 

the same period reveals: 

U-Stat: 
RMSE: 
Urn: 
Ur: 
Ud: 

0.056 
1119.520 

0.000 
0.018 
0.982 

The U-statistic is near zero reinforcing the acceptance of 

the model. Looking at the decomposition of the model 

statistic reveals that the component parts are also 

acceptable. The Urn, Ur, and Ud values are as they should 

be for a model with a good overall fit. 

5.3.2 The Structural Equations 

The structural equations of the model are given in 

Table 5.1. EQGR1a and EQGR1b are two versions of the 



Table 5.1: Empirical Results, Germany 

EOGRla MC2REFg (equation includes FLEXg) 

0.08350 * PW - 0.15649 * EXRg + 0.14358 * LEXRPPEXg 
(1.00727) (2.20462) (0.53669) 

+ 0.28034 * MP2TPPg - 2.07935 * FLEXg 
(0.43234) (0.97908) 

+ 0.15400 * D8501 + 0.82693 * CONSTANT 
(1.55282) (0.60610) 

R Sq 
D.W.( 1) 

0.8048 R Bar Sq 0.7670 F 6, 31 21.2973 
1.9247 Period 197801 to 198702 

EOGRlb MC2REFg (equation excludes FLEXg) 

0.01970 * PW - 0.12526 * EXRg - 0.10584 * LEXRPPEXg 
(0.48074) (2.47024) (1.62039) 

+ 0.06780 * D8501 + 0.35242 * MP2TPP - 0.49084 * CONSTANT 
(1. 85738) (8.35767) (0.97908) 

R Sq 
D.W. ( 1) 

0.8866 R Bar Sq 0.8557 F 6, 31 44.8655 
1.7227 Period 197801 to 198702 

EOGR2 MP2TPPg 

0.21477 * PPEXg + 1.77445 * FLEXg 
(5.30354) (2.46344) 

- 1.31916 * MC2REFg 
(2.68485) 

- 1.75479 * CONSTANT 
(32.7844) 

R Sq 
D.W. ( 1) 

0.8866 R Bar Sq 0.8766 F 3, 34 88.6206 
1.7305 Period from 197801 to 198702 

EO GR3 REF2MPg 
0.25277 * PPEXg + 0.02419 * PW - 4.26893 * FLEXg 

(2.00310) (0.19238) (13.0388) 

+ 1.59118 * CONSTANT 
(3.28003) 

R Sq 
D.W. ( 1) 

0.8227 R Bar Sq 0.8070 F 3, 34 52.5849 
1.6633 Periods from 197801 to 198702 

176 
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model's first equation, the proportion of crude oil 

imports relative to total refinery inputs. The first 

version of the equation includes refinery flexibility, 

FLEXG, as an independent variable. Wi th an adjusted R

squared of 0.767, the equation explains a fair portion of 

the total variation of Germany's crude oil imports in 

proportion to refinery inputs. The equation's Durbin-

Watson statistic is 1.925, indicating an absence of 

autocorrelation error. The overall F-statistic of the 

equation is 21.29, high enough to accept the equation. 

All regression coefficients have their expected 

signs, except for that of the product imports in 

proportion to total consumption, which has a positive 

sign. The 

significant. 

t-statistics are low, with only EXRG being 

Two factors influence the t-statistics. 

First, two-stage least squares is a biased estimation 

technique. While the coefficients are consistent, the 

standard errors of the coefficients are biased, thereby 

biasing the t-statistics. Second, the presence of 

multicollinearity between FLEXG and MP2TPPG will affect 

estimates of coefficient standard error. Multicollinearity 

exists because of Germany's data collection and reporting 

methods for imported petroleum products. The government 

does not separate the imports of refinery feedstock from 

imports of products for final consumption. Therefore, a 
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portion of imported products is used as refinery inputs 

and, in calculating refinery flexibility, causes the two 

variables to be correlated4 • 

Multicollinearity is sometimes acceptable in a 

structural model because the model is trying to determine 

the regressor's influence on the dependent variable and is 

not interested in the models overall predictive capacity. 

Only when the multicollinear variables are shown to be a 

linear function of each other should one be dropped. The 

second version of the equation estimated the relationship 

without FLEXG, because of multicollinearity between FLEXG 

and MP2TPPG. FLEXG was chosen over MP2TPPG because it is 

incorporated in the model's other equations and MP2TPPG 

directly substitutes for crude oil imports. The adjusted 

R-squared of the new equation is .856 and the overall 

equation F-statistic nearly doubled to 44.86. The Durbin-

Watson statistic is 1.723, which is in the indeterminate 

area of the Durbin-Watson tables for the equation's 

degrees of freedomS. All signs of the regressors are 

4. The double counting of products in both variables 
yields an 89 percent correlation, as calculated in a 
simple correlation matrix. 
5. There is a debate in the literature on whether a two
stage least squares equation should be corrected for 
autocorrelation error. Correcting for autocorrelation 
error introduces a bias into the estimation procedure that 
cannot be measured. Some economists feel that under 
conditions of obvious autocorrelation error (i. e., when 
the D-W is below the lower limit) correcting the error 
might help the estimation. Others feel that any 
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correct and all t-statistics have increased to an 

acceptable level, except for PW which is insignificant. 

The new equation was tested to see if added 

explanatory power was gained by dropping FLEXG. As 

presented in Pindyck and Rubenfeld (1979), a Chow test for 

restricted equations was performed. The null hypothesis 

to be tested was that the new, restricted equation would 

improve explanatory power. A high F-statistic indicates a 

rejection of the null hypothesis; the equation performs 

better in its unrestricted form and FLEXG should be 

included. The F-statistic value is .69, well below the 

3.51 critical value for a one percent significance level, 

showing that the equation performs better without FLEXG, 

therefore the restricted version of the model is used6 • 

correction would introduce another type of bias into the 
estimation technique that cannot be explained. It is less 
clear when the D-W falls in the undetermined area. Most 
economists have chosen not to correct for autocorrelation 
since there is no reason to introduce a bias into the 
estimation technique when one already exists, and, more 
importantly, when one does not know if autocorrelation 
error exists. 
6. A second variation of the equation was estimated 
which subtracted residual fuel oil imports from MP2TPPG. 
The rationale for adjusting MP2TPPG is that all residual 
fuel oil is imported as feedstock or can be used as 
feedstock. Since refinery feedstock is close to three 
times greater than residual oil imports, it is reasonable 
to believe that fuel oil is imported as feedstock. The 
results of the estimation were consistent with the 
original specification. The adjusted R-squared, overall 
F-statistic and D. W. remained virtually unchanged. The 
coefficient values fall between the other two equations, 
remaining relatively stable. The sign of the adjusted 
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Crude oil inflow elasticities for each regressor can 

be directly interpreted from their coefficients because 

the model is estimated in log-linear form. Although the 

equation estimates the proportion of crude oil inflows to 

refinery inputs, by assuming a constant level of refinery 

inputs, the coefficients are the crude oil inflow 

elasticity of each regressor7 • 

The importance of petroleum product imports in West 

Germany's economy and the nation's ability to substitute 

for crude oil is demonstrated by MP2TPPG being highly 

significant with a t-statistic of 8.358. It has a 

negative sign, indicating it can directly substitute for 

crude oil. The degree to which sUbstitution can occur in 

the German economy is shown by the product elasticity with 

respect to crude oil of 0.35. A doubling of product 

imports would cause a 35 percent decrease in crude oil 

imports. 

Crude oil's dollar price has a low t-statistic, 

0.481. This means that if the t-statistics are correct, 

the coefficient is not different from zero. The dollar 

price elasticity of crude oil demand is -.02, lower than 

variable, MPFD2TPPG, is still wrong. The equation with 
FLEXG performed best among the three. 
7. The regressor's elasticity of crude oil imports can 
also be estimated by combining the three stochastic 
equations into the identity. The combined coefficients 
become the variables' elasticity of crude oil imports 
irrespective of the nation's refinery inputs. 
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the total exchange rate elasticity. The insignificance of 

PW is surprising since one would expect price to play an 

important role in determining short-run demand. Part of 

the explanation may be found in the exchange rate 

component of the domestic price. The dollar exchange rate 

has a coefficient of - .125 and is significant with a t

statistic of 2.47. In the short-run, Germany's refiners 

are more concerned with maximizing returns based on the 

fluctuations of the exchange rates than the dollar price 

of crude oil. This is reasonable since crude oil's short

run price is relatively more stable than the exchange rate 

(during the period of analysis) which tends to fluctuate 

greatly. The indirect effect of the exchange rate, 

LEXRPPEXG, is significant with a t-statistic of 1.62. It 

has a coefficient of - .106 indicating it has a indirect 

effect on crude oil inflows. Figure 5.2 shows the actual 

and fitted data. 

West Germany's product import markets, as measured by 

the model's second equation, explains imported petroleum 

products as a proportion of total product consumption 

quite well. The equation has an adjusted R-squared of 

.8766 and an overall equation F-statistic of 88.62. The 

Durbin-Watson is 1.723, indicating the absence of 

autocorrelation error given the equation's degrees of 
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freedom and number of explanatory variables. The 

coefficients' signs are as expected. 

The endogenously determined MC2REFG is significant 

with a t-statistic of 2.6 and a coefficient of -1.32. It 

has a negative sign indicating crude oil substitution for 

petroleum products. The inclusion of refinery feedstock 

in product import data only serves to strengthen the 

substi tution between the two. Not only does crude oil 

substitute for final products but also for refinery 

feedstockS. 

As would be expected from a price term, PPEXG has a 

negative coefficient of -.215 with a t-statistic of 5.3. 

All product markets appear to be sensitive to product 

price variations. As Germany's refinery industry becomes 

more complex, the overall economy has increased its 

product imports. For Germany, this is partly explained by 

refinery feedstock being incorporated in product imports. 

The short-run product import elasticity with respect 

to each of the regressors is the regressor's coefficient 

for a given level of total national product consumption. 

The average product price elasticity of short-run demand 

is -.215. The magnitude of the elasticity is partly 

8. There comes a point where feedstocks and crude oil 
are complementary products. This is particularly true for 
highly sophisticated refineries, Most countries' refinery 
industries do not appear to have reached this point yet. 
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caused by the term being an average of various products, 

each with different elasticities. FLEXG has an elasticity 

of 1.775, while that of crude oil inflows elasticity is -

1.319. Figure 5.3 shows the actual and fitted data based 

on the equation. 

Substitution between West Germany's crude oil and 

petroleum product flows is measured by the model's third 

equation which links the two main petroleum flows. It has 

an adjusted R-squared of .8070 and an overall equation F-

statistic of 25.49. The Durbin-Watson is 1.663, 

indicating no autocorrelation error. PPEXG has a positive 

sign and a coefficient of .253. Since refinery inputs are 

in the numerator, the PPEXG' s positive sign is correct: 

as foreign product prices increase more crude oil is used 

by the refineries. Its t-statistic is 2.003, also 

significant at the one percent level. FLEXG has a high t-

statistic of 13.039 and a coefficient of -4.268. Since 

FLEXG is a surrogate for technical change, a negative sign 

is not unreasonable: as the refinery industry becomes 

more flexible, the proportion of product imported relative 

to total refinery input would decrease 9 . PW has a 

9. Some of the imported products will end up as 
feedstock for the refineries. An example may help to 
understand why a negative sign would be expected. Assume 
that prior to a change in FLEXG, the ratio of refinery 
input to product imports was 12 to 4. If FLEXG were to 
increase and refinery inputs were to remain constant, then 
there would be a shift in the crude oil to feedstock mix 
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imported relative to total refinery input would decrease9 • 

Figure 5.4 shows how well the equation fits the data. 

During the latter part of the period, the fitted estimates 

pass through the middle of the actual data. 

5.3.3 The Effects of Exchange Rates on Crude Oil 
Inflows 

Exchange rate effects on crude oil inflows are only 

measured in the crude oil market as represented by EQGR1b. 

The total exchange rate elasticity of crude oil inflows is 

composed of two parts: direct and indirect. The direct 

part is the initial change in crude oil inflows caused by 

a change in the dollar exchange rate. The indirect part 

occurs as the dollar exchange rate filters through each 

product . market. The indirect parts are captured in the 

translog term, LEXPPPEXG, which accounts for the joint 

effects of the nation's dollar exchange rate and weighted 

average imported product prices. The formula for 

calculating the total exchange rate elasticity, as 

described in Section 4.3, is: 

9. Some of the imported products will end up as 
feedstock for the refineries. . An example may help to 
understand why a negative sign would be expected. Assume 
that prior to a change in FLEXG, the ratio of refinery 
input to product imports was 12 to 4. If FLEXG were to 
increase and refinery inputs were to remain constant, then 
there would be a shift in the crude oil to feedstock mix 
(with feedstock accounting for a greater proportion) of 
the refinery input to more efficiently use the new 
capacity. The increase in feedstock would corne from 
increased product imports. 
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Where E is the total exchange rate elasticity of short-run 

crude oil imports and the rest of the terms are as defined 

in Chapter Four. 

Germany's direct exchange rate elasticity is -0.125. 

The indirect coefficient of LEXRPPEXG is -0.106. The 

total exchange rate elasticity of crude oil inflows 

evaluated at the mean of In (PPEXG), EG, is 

= -.125 + (-0.10~_* -0.664) = -0.055. 

A 10 percent increase in the exchange rate causes a 0.55 

percent decrease in crude oil inflows. Two questions 

about Germany's or any country's total elasticity need to 

be answered. First, should the total elasticity be 

calculated since LEXRPPEG' s t-stat·istic is only 1.60. 

Many economists believe a t-statistic of 1.60 falls in the 

acceptable range for structural models. Since the t

statistics are biased and the coefficients are consistent, 

information is gained by calculating total elasticity. 

Second (and more important for the hypothesis being 

tested) would one expect the total effect of the exchange 

rate to be greater or less than the direct elasticity? To 
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answer this question, one must look at the structure of 

the country's petroleum industry. Since Germany is 

completely dependent on imported petroleum, one would 

expect the effect of exchange rate fluctuations on the 

overall economy to be minimal: the indirect effects of the 

exchange rate would lower the cost to final consumers by 

causing the substitution of petroleum products for crude 

oil. Therefore, one would expect the exchange rate's 

indirect effects to offset its direct ones, so the total 

exchange rate elasticity would fall. 

The importance of the dollar exchange rate is 

revealed when compared with crude oil's dollar price, PW. 

The dollar price elasticity of demand for crude oil is -

.02, significantly lower than the exchange rate 

elasticities. Both the direct and indirect exchange rate 

elastici ty of demand are higher than the dollar price 

elasticity. With a t-statistic of 0.481, the coefficient 

cannot be proved to be significantly different from zero. 

At - .12, the exchange rate's direct elasticity is six 

times higher than that of PW. The total exchange rate 

elasticity of -0.055 is over twice that of PW. In the 

short-run, West Germany is adjusting more to the more 

volatile dollar exchange rate rather than to the world 

crude oil dollar price. 
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5.4 The Italian Model 

Italy is also virtually dependent on foreign crude 

oil for its domestic consumption and processing, but Italy 

has traditionally been a refining center for light-end 

products. Italian refineries produce products for 

domestic consumption and sell excess supply to foreign 

markets. Over the last few years, Italy has become a net 

importer of petroleum products because its electric 

industry has made it a policy to use residual fuel oil as 

its primary fuel 10 • While importing large quantities of 

residual fuel oil, Italy is still a net exporter of light 

product. 

5.4.1 Overall Model Performance 

The Italian model performed fairly well, explaining 

just over eighty-five percent of the short-run variations 

in Italian crude oil inflows. Figure 5.5 plots the actual 

and the fitted values for the model's crude oil identity 

for the period of analysis. The fitted values tend to 

oscillate around the actual imports. Regressing the 

fitted values of crude oil inflows (itmc_est) on theactual 

10. Italy's choice of residual fuel oil as its primary 
fuel in electric generation has shifted Italy from being a 
net exporter (by volume) of product to a net importer. 
The choice was based on residual fuel oil's price falling 
dramatically as most industrial countries substitute an 
alternative fuel for electric generation, such as nuclear 
or coal. 
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values (itmc) for the period from third quarter 1978 to 

second quarter 1987 shows: 

ITMC = 0.8516 * ITMC EST + 2979 

R2 0.8216 
D.W. (1) 1.6647 

Adj. R2 0.8166 F 1,36 = 165.761 
Period 1978q1 to 1987q2 

The overall model explains about eighty-two percent of the 

variations in Italy's crude oil imports. The fitted 

data's coefficient is 0.85 close but not equal to one. 

The constant term is near zero, given the magnitude of the 

data. Both statistics are acceptable, indicating that the 

model fits fairly well. 

Applying Theil's U-Statistic to the overall model for 

the same period reveals: 

U-Stat: 
RMSE: 
Urn: 
Ur: 
Ud: 

0.092 
1908.289 

0.011 
0.123 
0.876 

The U-statistic is low, near zero, reinforcing the 

acceptance of the model. Looking at the decomposition of 

the model statistic reveals that the component parts are 

quite acceptable. The Urn, Ur, and Ud values are as they 

should be for a model with a good overall fit. 

In general, the model does not do as well for Italy 

in explaining petroleum flows as it does for West Germany. 

While still explaining a good portion of the overall 

fluctuations, with the relatively low disturbance 
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proportion, Ud , the equation tends to overemphasize its 

error term when compared with the other equations. 

5.4.2 The Structural Equations 

The structural equations of the Italian model are 

presented in Table 5.2. EQIT1 estimates the proportion of 

Italian crude oil inflows to total refinery inputs. It 

has an adjusted R-square of 0.675, explaining over sixty

five percent of the variations in crude oil's proportion 

of refinery input. The equation's overall F-statistic for 

the equation is 11.95. Although not extremely high, both 

statis"tics are acceptable. The Durbin-Watson statistic is 

2.0641, indicating the absence of autocorrelation error. 

with the exception of MP2TPP I , all regressors were 

significant. PW has a t-statistic of 1.655 and a 

coefficient equal to -0.139. The dollar price elasticity 

of crude oil demand of -.14 is close to the total exchange 

rate elasticity of -.13; both have an inverse effect on 

crude oil flows into Italy. In the short run, the Italian 

petroleum industry reacts in a similar fashion and 

magnitude to both the crude oil dollar price and the 

country's dollar exchange rate. The reaction by Italian 

refineries to domestic prices is the same, irrespective of 

the source of variation. Given the overall depression in 

the Italian refinery industry and utilization rates near 



Table 5.2: Empirical Results, Italy 

EOITl MC2REFi 

= 0.01478 * LEXRPPEXi - 0.13921 * PW - 0.20501 * EXRi 
(1.59827) (1.65531) (2.00002) 

+ 0.04159 * MP2TPpi - 0.12165 * 08403 - 0.06962 * 08004 
(0.95993) (3.82052) (1. 98256) 

- 1.22145 * FLEXi + 1.41637 * CONSTANT 
(1.72833) (2.20140) 

R Sq 
D.W. ( 1) 

0.7361 R Bar Sq 0.6745 F 7, 30 11.9529 
2.0641 Periods from 197801 to 198702 

EOIT2 MP2TPPi 

6.20716 * FLEXi + 1.60018 * MC2REFi - 0.44385 * 08303 
(3.41589) (1. 00254) (1. 72691) 

+ 0.65616 * PPExi - 5.86884 * CONSTANT 
(5.77800) (10.8487) 

R Sq 
D.W. ( 1) 

0.7162 
0.8056 

EOIT2 ITREF2MP 

R Bar Sq 0.6818 F 4, 33 20.8233 
Periods from 197801 to 198702 

- 15.1832 * FLEXi + 0.52489 * PPEXi - 1.45253 * PW 
(4.95548) (1.40885) (3.28035) 

+ 5.15233 * CONSTANT 
(9.35778) 

R Sq 
D.W. ( 1) 

0.7728 
1. 4428 

R Bar Sq 0.7528 F 3, 34 38.5597 
Periods from 197801 to 198702 

194 
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fifty percent, the industry is very sensitive to any price 

fluctuations. The coefficient for LEXRPPEXI is .015 with 

an acceptable t-statistic of 1.60. 

FLEXI'S coefficient of -1.221 has the expected 

negative sign indicating that the greater the refinery 

flexibility, the smaller the crude oil inflows. The 

biased t-statistic is 1.728, in the acceptable range. 

MP2TPP I 's coefficient is 0.042 and has a low t- statistic 

of only 0.960. The coefficient's sign is wrong and t-

statistic is insignificant. Once the refinery industry 

becomes healthy, the sign should become negative and 

significant. 

actual data. 

Figure 5.6 compares the fitted with the 

Throughout most of the period the fit is 

quite good, with the estimated data fitting through the 

middle of the actual data. 

EQIT2, which measures Italy's petroleum product 

imports relative to total consumption, explains over 

sixty-eight percent of imported product variations, but 

has the wrong sign for the product price and crude oil 

inflow variables. The equation's adjusted R-square and F

statistic are acceptable at .682 and 20.82, respectively. 

A Durbin-Watson statistic of .806 is low, and indicates 

the presence of autocorrelation. The average imported 

product price, PPEXI , while strongly significant with a t-

statistic of 5.778, has the wrong sign. The short-run 
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price elasticity of product demand is +.656. The reason 

for the wrong sign is probably due to the demand for 

residual fuel oil by the Italian electric industry and the 

inability of the equation to distinguish between specific 

product demand. PPEXI reflects the average pric~ of all 

products and closely follows crude oil's pricell . The 

electric industry's decision to buy fuel oil forced Italy 

to import large quantities of residual fuel oil from 

foreign refineries when domestic refineries were unable to 

fulfill demand. Therefore, despite the fact that average 

product prices were increasing as PW increases, residual 

fuel imports still increased in order to meet electric 

demand. Excluding residual fuel oil and its price from the 

data would change the relationship between PPEXI and 

MP2TPP I by eliminating a highly inelastic demand flow12 • 

MC2REF I has a coefficient of +1.6, which is a wrong 

sign. The biased t-statistic is only 1.0025, which is 

low. The order of magnitude of MC2REFI is not too 

different from the German model, but shows that more 

products are imported as the economy imports crude oil. 

11. See Huntington (1986). 
12. It is not possible to separate the data. Also, the 
relative prices of PPEXI and PW were changing during the 
period. If PPEXI changes sufficiently relative to PW, the 
Italian economy may have found it worthwhile to shift away 
from crude oil. Including a relative price variable, such 
as PPEX I to PW, may help explain the demand behavior and 
cause PPEXI to have its expected sign. 
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Once again, residual fuel oil imports may cause the wrong 

sign. 

Only FLEXr has the expected positive sign and has a 

significant t-statistic of 3.415. The refinery 

flexibility elasticity of product imports is· 6.207, 

signifying that a small change in flexibility would yield 

a large change in product imports. FLEX is positive 

because more product is imported as refinery feedstock. 

The size of the elasticity is mainly due to excess 

capacity in the refinery industry. With utilization rates 

near fifty percent, it is easy for the nation to shift 

between product and crude oil. The excess capacity is 

making the industry's flexibility unstable, reacting 

dramatically to any domestic price change. As the 

industry achieves flexibility by closing capacity (or not 

using the capacity it has), products are imported to 

fulfill national demand. 

Figure 5.7 compares the actual and fitted data. 

During the earlier period, the fitted series passed 

through the center of the actual data, but was unable to 

predict any downturns. After 1983, the fitted data tended 

to over (under) estimate the actual data, but had a 

similar pattern. This implies that the regressors are 

following the data better, but the overall behavior of the 

equation is more volatile. 
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The model's third equation, EQIT3, links the two 

major flows and performs well, with an adjusted R-squared 

of .7528 and an overall equation F-statistic of 38.56. 

The Durbin-Watson is 1.443, falling in the indeterminate 

area of the Durbin-Watson test13 • PPEXI has a positive 

sign, as expected, and a coefficient is .525, Its t-

statistic is 1.409, which is just below an acceptable 

range. FLEXI has a t-statistic of 4.956 and an expected 

negative, although high, coefficient of 15.193. The 

magnitude of the coefficient indicates that the Italian 

petroleum industry was undergoing a structural change -

substituting a great amount of imported product for crude 

oil during the period. Not only was the electric industry 

buying residual fuel oil, but excess capacity forced the 

Italian refinery industry to close its older, simple 

refineries since they were not profitable. This lowered 

the demand for crude oil relative to product feedstock and 

final product for the nation's aggregate production 

function. At the same time, investment in downstream 

capacity, which accepts different types of crude oil and 

feedstocks, was occurring14. Factoring out residual oil 

13. See footnote 5. 
14. The high coefficient to some extent reflects the 
pattern of how the Italian refinery industry became 
flexible. Instead of slowly adding complex downstream 
refinery capacity to become flexible, it closed down its 
refineries. These refineries were generally old and 
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for electric power generation would probably lower the 

coefficient, but not change the sign. 

PW has the correct negative sign and is significant 

with a t-statistic of 3.28. Its coefficient (therefore 

the crude oil dollar price elasticity) is -1.452. This 

indicates that a one percent increase in the dollar crude 

oil price would cause a greater than one percent decrease 

in refinery input. As crude oil prices increase, the 

Italian economy sUbstitutes a significant amount of 

products for refinery inputs, particularly crude oil. 

This result is not surprising, given the refinery 

industry's and product market's current troubles. The 

Italian refinery industry cannot effectively compete 

against foreign product suppliers. At fifty percent 

utilization rates, the industry is having difficulties in 

profitably supplying Italy's petroleum product needs. 

Crude oil's price has more influence on Italian petroleum 

flows than do product processes. Figure 5.8 shows how 

well the equation fits the data. Except for the peak 

during the early periods, the fitted values predict the 

actual data quite well. 

In general, the model fits the Italian petroleum 

industry, but has problems describing Italy's product 

simple, with large crude input capacity. Over time, the 
refinery flexibility elasticity should fall. 
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imports. The coefficients and their signs indicate that 

the domestic oil industry, particularly the refinery 

sector, is undergoing a dramatic structural change. Until 

the rate of change slows and utilization rates increase to 

acceptable levels, the model will tend to overpredict any 

fluctuations in the inflow of crude oil. By separating 

the product imports into individual markets, the model 

should work better. 

5.4.3 The Effects of Exchange Rates on Crude Oil 
Inflows 

The total exchange rate elasticity of crude oil 

inflows, EI , is calculated as described above and is: 

EI = -.205 + (0.015 * 5.370) = -0.126. 

A one hundred percent increase in the exchange rate causes 

a 12.6 percent decrease in the proportion of crude oil 

used as refinery inputs. The direct component of the 

total exchange rate elasticity is -0.205, which is 

relatively high. This is not surprising since Italian 

refineries are subject to domestic and foreign demand 

forces which both react to short-term price fluctuations. 

The indirect exchange rate elasticity is a positive .0148. 

For a constant PPEXI , the indirect exchange rate helps 

lower the direct elasticity, indicating that the Italian 
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economy adjusts to minimize the total cost of petroleum 

imports consumed by the nation. Comparing total exchange 

rate effects with dollar price effects shows that both 

have the same elasticities effecting Italy's economy in 

the same way. 

5.5 The United Kingdom Model 

The United Kingdom was chosen because it represents 

one of the few industrial countries that exports both 

crude oil and petroleum products. Government domestic 

policy has been to allow the oil industry to operate 

wi thout a substantial amount of government intervention 

(even though the government owns a large share of British 

Petroleum) . Over the period of analysis, the United 

Kingdom has continued to develop its crude oil fields and 

has almost eliminated dependence on foreign crude oil. It 

is also allowing the market place to determine its 

international product demand, only importing products 

which do not maximize local refinery returns. 

5.5.1 Overall Model Performance 

The British model performed well, explaining just 

over ninety percent of the short-run variations in British 

crude oil inflows. Figure 5.9 plots the actual and the 

fitted values for the model's crude oil identity for the 
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period of analysis. Regressing the fitted values of crude 

oil inflows (ukmc_est) on the actual values (ukmc) shows: 

UKMC = 0.9684 * UKMC EST + 619 

R2 0.9193 
D.W. (1) 1.5851 

Adj. R2 0.9171 F 1,36 = 410.195 
Period 1978ql to 1987ql 

The overall model explains about ninety-two percent of the 

variations in British crude oil imports. The predictor's 

coefficient is very close to but not equal to one. The 

constant term is near zero. Both statistics fit the 

criteria for a good fitting model and the overall model 

should be acceptable. 

Cross-checking using Theil's U-Statistic to the 

overall model for the same period reveals: 

U-Stat: 0.041 
RMSE: 788.688 
Urn: 0.009 
Ur: 0.012 
Ud: 0.987 

The U-statistic is low, near zero, reinforcing the 

acceptance of the model. Looking at the decomposition of 

the model statistic reveals that the component part are 

also acceptable. The Urn, Ur, and Ud values are as they 

should be for a model with a good overall fit. 

In general, the British model performed as well as 

the West German one in explaining petroleum flows (despite 

the United Kingdom being a crude oil exporter). Including 
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all crude oil production as inflows, irrespective of 

original point of production, allows the model to express 

at price effects. Had domestic production not been 

included the model would not have performed as well. The 

effect of exchange rates on domestic crude oil demand 

would not have shown up. 

The "goodness of fit" is even more surprising when 

one considers the data distortions which occur during the 

period of analysis. First, from the second quarter of 

1984 to the second quarter of 1985, the country's coal 

miners went on strike, causing the electric industry to 

substitute residual fuel for coal. Total petroleum 

product imports more than doubled during the period. 

There was no satisfactory analytical way to separate the 

residual oil imported strictly to substitute for coal from 

that which is imported under normal conditions. 

Second, the trade data for crude oil and petroleum 

products are distorted due to both the locations of the 

North Sea oil fields and domestic refining practices. A 

deep sea trench divides the United Kingdom from Norway, 

with the majority of both countries' oil fields falling on 

the United Kingdom's side. This forces Norwegian North 

Sea crude oil to enter the United Kingdom before being 

transferred elsewhere. A portion of that crude oil, as 

well as other crudes, is refined by United Kingdom 
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refineries through contract refining15 • By contract 

refining, the industry provides a supply of petroleum 

products which enter the economy, but are not clearly 

traceable to petroleum trade data. These easily available 

crude oil and refinery co-products influence domestic 

petroleum flows and the way the domestic refinery industry 

invests in its downstream capacity. 

5.5.2 The Structural Equations 

The structural equations of the model are presented 

in Table 5.3. Like the other two models, British crude 

oil inflows are modeled in equation EQUK1. It estimates 

the proportion of crude oil inflows to total refinery 

inputs. With an adjusted R-square of 0.8324, EQUKl 

explains over eighty percent of the variation in inflows. 

The equation's overall F-statistic for the equation is 

26.54, which is acceptable. The Durbin-Watson statistic 

is 1.5051, so it is impossible to say if there is 

autocorrelation, since the statistic falls into the 

indeterminate region. 

All the signs of the coefficients are negative. PW 

has a coefficient of .087 with a significant t-statistic 

of 2.64. As would be expected, the British economy 

15. Contract refining means that the refinery never takes 
ownership of the crude oil, so technically the crude oil 
never enters the trade statistics. 



Table 5.3: Empirical Results, United Kingdom 

EO UK1 MC2REFu 

= - 0.09220 * LEXRPPEXu - 0.08735 * PW - 0.16866 * EXRu 
(1.25980) (2.64092) (1.25906) 

- 0.00755 * MP2TPPu + 0.08759 * 08504 + 0.08910 * 08503 
(0.31550) (3.90473) (3.73889) 

- 1.98321 * FLEXu + 0.32471 * CONSTANT 
(4.68420) (2.36577) 

R Sq 
O.W. ( 1) 

0.8650 R Bar Sq 0.8324 F 7, 29 26.5392 
1.5051 Periods from 197801 to 198701 

EO UK2 MP2TPPu 

= - 0.19048 * PPEXu - 3.33742 * FLEXu + 0.94411 * 08501 
(1.86126) (1.89044) (5.70297) 

+ 0.47791 * 08402 + 0.75803 * 08403 + 0.91982 * 08404 
(2.88536) (4.75290) (5.67661) 

- 2.53773 * MC2REFu - 2.SH32 * CONSTANT 
(2.26110) (10.5392) 

R Sq 
O.W. ( 1) 

0.7707 R Bar Sq 0.7154 F 7, 29 13.9282 
1.6338 Periods from 197801 to 198701 

EO UK3 UKREF2MP 

- 2.39560 * FLEXu - 0.49821 * PW - 1. 25483 * 08404 
(1.69773) (1.75485) (6.25549) 

- 1.23678 * 08501 - 0.97492 * 08403 - 0.74258 * 08402 
(5.85798) (4.90306) (3.72880) 

+ 0.72760 * PPEXu + 5.40780 * CONSTANT 
(1. 95592) (3.10467) 

R Sq 
O.W. ( 1) 

0.7796 R Bar Sq 0.7264 F 7, 29 14.6576 
1.4305 Periods from 197801 to 198701 

209 
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decreases demand for crude oil inputs as price increases. 

EXRU and LEXRPPEXU have a coefficient of -.169 and -.092, 

respectively. Both have a t-statistic of 1.26 each. 

Comparing the three price determined variables, EXRU has 

the highest elasticity. At - .169 it is almost twice as 

high as PW' s . LEXRPPEXU and PW have about the same 

elasticity, about -.09. The high EXRU elasticity is 

indicative of the refineries taking advantage of the more 

volatile short-run variations on the exchange rate. 

Product imports, MP2TPPU' have a coefficient of -

.0075 and an insignificant t-statistic of .316. Although 

the sign is correct, the low coefficient cannot be proven 

statistically different from zero. With more 

observations, product imports should become significant 

but are currently being overshadowed by the crude oil 

inputs and the increased residual fuel oil imports due to 

the nation's coal strike. 

FLEXU'S coefficient is -1. 98 with a highly 

significant t-statistic of 4.68. The increase in the 

United Kingdom's refinery flexibility decreases the demand 

for crude oil inputs. Over the period of analysis, 

refinery flexibility did not increase by more than two 

percent, with most of the increase being caused by the 

closing of older refineries instead of downstream 

increases of new, complex refineries. The equation's 
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overall fit is shown in Figure 5.10, which compares the 

actual and fitted data. In general, the fitted values 

follow the same pattern as the actual data. 

The model's second equation, EQUK2, explains over 

seventy percent of the petroleum product imports. The 

equation is mostly picking up British imports of residual 

fuel oil and distillates. The fit is relatively good -

considering that the market has an influx of co-products 

from contract processing and that the refinery industry 

became a product exporter of most products during the 

period. The adjusted R-squared is .715 and the overall 

equation F-statistic is 13.93, both acceptable. The 

Durbin-Watson is 1.634, falling in the indeterminate range 

of the Durbin-Watson table. 

All the coefficients have t-statistics of 1.86 or 

greater and the expected negative signs. PPEXU has a 

short-run coefficient of - .191. Holding total product 

consumption constant, this means that an increase of ten 

percent in PPEXU would induce the United Kingdom to 

decrease product imports by two percent. This is 

reasonable for a price variable. It is greater than the 

dollar price elasticity for crude oil since residual fuel 

oil is heavier than crude oil and the two can easily be 

substi tuted for each other. The variables' biased t

statistic is 1. 86. MC2REFU has an elasticity of - 2.527 
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and a significant t-statistic of 2.26. An elasticity of 

2.527 reinforces the industry's behavior of becoming a 

major crude oil and refining center, as it substitutes 

crude oil and refining for foreign products. 

FLEXU elasticity of product imports is -3.34. The 

negative sign is different than that of the other 

countries and requires an explanation. Refining 

flexibility is a measure of the refinery's ability to 

produce a specific output slate, given a specified 

refining input. It shows how well the refinery can alter 

the natural product slate of its inputs to meet this 

specific demand for output. Refinery hydrocarbon 

feedstock comes from two sources, crude oil and petroleum 

products. A country will always try to substitute the 

lower cost input. Over the last two decades, residual 

fuel oil or reduced crude oil has been substituted for 

crude oil16 • As the refinery industry becomes more 

flexible, it has the choice of using more product 

feedstock or a lower quality crude oil. Increasing 

product inputs requires importing feedstock or buying 

finished product on the open market. For a country like 

the United Kingdom (which produces crude oil) the economy 

16. Residual fuel oil and reduced crude oil have a lower 
cost than comparable quality crude oil because crude oils 
have a blend of other high valued products which have not 
yet been refined. 
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benefits more from the production of crude oil. By 

increasing domestic crude oil inputs, the vertically 

integrated industry benefits from production at all 

sectors while still producing a complete product slate and 

feedstock17 • One would expect an industrialized oil 

producing country to increase its refinery flexibility to 

consume more crude oil. 

Figure 5.11 shows the overall fit of the equation. 

The large blip in the data in 1984 was caused by the coal 

strike. In general, the fitted values pass through the 

center of the data closely following the actual data 

pattern. 

EQUK3, the third equation, explains over seventy 

percent of the link between the two major petroleum flows. 

The equation has an adjusted R-squared of .726 and an 

overall equation F-statistic of 14.66, both acceptable. 

The Durbin-Watson is 1.431, which falls in the 

indeterminate region. PPEXU has a positive sign and a 

coefficient and elasticity of .728. Its t-statistic is 

1.956, significant at the one percent level. The 

relatively high product price elasticity reinforces the 

crude oil elasticity in the product import equation. 

Since an increase in crude oil inflows decreases the 

17. Part of the product slate includes residual oil, some 
of which never enters the marketplace but is recycled as 
feedstock. 
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importation of petroleum products, an increase in the 

product price will cause an increase in the ratio of crude 

oil refinery inputs to product imports. 

PW has a coefficient of -.498, with a t-statistic of 

1.755. The crude oil dollar price elasticity with respect 

to the substitution between refinery inputs and product 

imports shows that a ten percent increase in price will 

cause only a five percent decrease in the rate of 

substitution. It has a smaller effect on the dependent 

variable than does PPEXU' since the use of domestic crude 

oil does not require the country to use its foreign 

currency reserves to buy product. 

FLEXU has a coefficient of -2.396, with at-statistic 

of 1.698. The negative sign follows directly from the two 

previous equations. Although both crude oil and product 

imports decrease as FLEXU increases, there is a greater 

decrease in product imports than crude oil inflows. 

Figure 5.12 shows how well the equation fits. The 

estimated data generally follow the direction of the 

actual data, but do not reach the peaks and troughs very 

well. 

5.5.3 The Effects of Exchange Rates on Crude Oil 
Inflows 

The direct exchange rate elasticity is -0.16866. As 

expected for a price variable, it has a negative sign. 
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Holding everything else constant, the initial effect of an 

increase in the dollar exchange rate would be to decrease 

short-run crude oil inflows. This occurs because crude 

oil is denominated in dollars (not pounds sterling) which 

causes the domestic price to increase. Had crude oil been 

denominated in pounds sterling, the domestic price would 

not have changed because of dollar exchange rate 

fluctuations and domestic crude oil would be relatively 

cheaper than foreign crude oil. Economic theory suggests 

that domestic crude oil demand would increase because of 

this relative price difference. But the dollar 

denomination of crude oil makes its demand more directly 

subject to international financial markets. 

Given time for the indirect effects of the exchange 

rate changes, the exchange rate elasticity more closely 

approximates that of the market solution. With an 

LEXPPEXU elasticity of - .10584, the total exchange rate 

elasticity of crude oil inflows is: 

= -.169 + ( 0.092 * -2.132) = +.028. 

The total exchange rate elasticity is now positive, as 

would be expected had' crude oil been denominated in 

pounds. 

allowed 

After the exchange rate's secondary effects are 

to work in the product markets, the United 
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Kingdom's economy adjusts to the higher exchange rate by 

using more domestic crude oil, where it has a competitive 

advantage. 

5.6 Inter-Country Comparison of Price Elasticity 

Table 5.4 presents the dollar price, direct and total 

exchange rate elasticities for each country. Both the 

dollar price and direct exchange rate variables behave as 

one would expect for a price variable, each having 

negative coefficients for the elasticities. In all three 

countries, the direct exchange rate elasticity is greater 

than the dollar price elasticity, reflecting the refinery 

industry's greater reaction to the more volatile exchange 

rate market. For all countries, the magnitude of the 

direct exchange rate elasticity falls as its indirect 

effects are allowed to enter the model. 

Of the three countries, Italy is the most sensitive 

to both dollar price and exchange rate fluctuations. With 

values of -0.139, -0.205, and -0.125 for dollar price, 

direct and total exchange rate, respectively, the 

elasticities are well above those of the other two 

nations. This is partially explained by the nature of 

Italy's refinery industry and its competitive position in 

the Mediterranean. Italy has traditionally been a 

refinery center which exported light-end products. 
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Table 5.4: Elasticity Of Model's Price Components 

Dollar Exchange Rate 
Price Direct Total 

Germany ;"0.020 -0.125 -0.055 

Italy -0.139 -0.205 -0.126 

United Kingdom -0.088 -0.169 +0.028 
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Whatever products were not domestically consumed were sold 

to foreign markets. The initial effect of a price 

increase would be absorbed domestically, while secondary 

effects would be felt through feedback from its foreign 

customers. This would cause the Italian refinery industry 

to be sensitive to any price changes. The Italian 

refinery industry has also been undergoing structural 

change due to competition from refineries in other 

Mediterranean countries, particularly Algeria and Libya. 

Over the last decade and a half, these countries have 

entered the product export markets. By vertically 

integrating crude oil producing with crude oil refining 

and subsidizing refining production, they have achieved a 

competitive advantage in supplying product. The advantage 

comes about because a profit is achieved at both the crude 

oil and product production sectors18 • Traditional 

exporting countries, like Italy, have had to redefine 

their competitive position and lose market share. The new 

competition is reflected in the refinery industry's 

sensitivity to price changes19 • 

18. A factor not explicitly discussed here, but also 
relevant, is the country's ability to avoid OPEC 
production quotas. Only petroleum exported in the form of 
crude oil is subject to OPEC's quota, not petroleum 
products. 
19. As a short-run model, there is no measure of GNP so 
it is impossible to determine how much of the sensitivity 
is caused by a deteriorating economy. 
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The United Kingdom, which exports crude oil and 

petroleum products, tends initially to be sensitive to 

price changes. Its dollar price elasticity is -0.088 and 

the direct exchange rate elasticity is -0.169. Unlike 

Italy, when the indirect effects of the exchange rate are 

included, changes in the exchange rate actually cause the 

demand for crude oil inflows to increase instead of 

decrease, approximately the competitive solution. This 

occurs as the consumers finds it more economical to buy 

domestically produced products from local refineries 

(especially those vertically integrated with crude oil 

production) than foreign products. The total exchange 

rate elasticity is +0.028. 

West Germany is the least sensitive of the three 

countries to price fluctuations, reflecting its dependency 

on foreign sources of petroleum and the overall strength 

of the German economy. The dollar price elasticity is -

0.02, while the direct and total exchange rate elasticity 

are -0.125 and -0.055, respectively. The lower total 

elasticity signifies when the indirect exchange rate 

effects are taken into account, a change in the exchange 

rate has a about the same effect on crude oil imports as 

its dollar price. The German refineries adjust more 

quickly to the more volatile exchange rates thari to crude 

oil's dollar price. The ability to shift the incidence of 
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the higher prices to foreign markets through product 

exports (which embody crude oil) and the increased 

complexity of the refinery industry allow the overall 

economy to adjust more quickly. The wealth of West 

Germany allows it to shift more quickly between the two 

forms of petroleum flows by giving it the capital 

structure to use each. 

5.7 Comparison with Other Studies 

The results of this model were compared with the 

results of various other crude oil price studies. Table 

5.5 lists the studies and their results. The only study 

that directly tests for country-specific exchange rate 

effects is Brown & Philips (1984). They used a normalized 

crude oil demand function with the domestic price of crude 

oil, adjusted for the dollar exchange rate, as a 

determinant of demand and a lagged dependent variable. 

Al though the exchange rate was not separated from the 

dollar price, its effects were measured by holding the 

dollar price constant and evaluating changes in demand. 

Pindyck (1979) undertook a comprehensive study of 

various industrial countries' crude oil and petroleum 

product market demands. Although the study did not 

explicitly look at exchange rates, it did adjust each 

price variable for differences in purchasing power parity 



Table 5.5: Dollar Price & Exchange Rate Elasticities 

Comparison With Various Studies 

Study 

Current Study 
(Nominal Dollar Own-Price) 

Germany 
Italy 
UK 

Current Study 
(Exchange Rate) 

Germany 
Italy 
UK 

Brown & Phillips 
(Exchange Rate & Own-Price) 

Germany 
Italy2 
UK 

Pindyck 
(Real own-Price) 

Germany 
Italy 
UK 

Huntington 
(For OECD Countries) 

Real OECD price 
Real US price 
Log OECD price 

Short-Run 
Elasticity1 

-0.020 
-0.139 
-0.088 

-0.125 
-0.205 
-0.169 

-0.103 
-0.026 
-0.125 

-0.025 
-0.170 
-0.070 

-0.137 
-0.096 
-0.046 

1. Only the current study separates the dollar 
price and exchange rate effects. The other studies 
either explicitly combine the two effects or ignore 
the problem of exchange rates, thereby combining 
them implicitly. 
2. Brown and Phillips reported the results for 
Italy but rejected the equations for any simulation 
or comparison purposes. 
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among countries. Huntington (1986) looked at crude oil 

demand for all OECD countries. He used a production 

function similar to that of Brown and Philips', with an 

exchange rate adjusted crude oil price. 

The results of the present model fall close to those 

found in the other studies. Since the countries' domestic 

prices, i. e., the exchange rate adjusted dollar prices, 

were not estimated, the results can only be inferred from 

the dollar and exchange rate elasticities. 

The German short-run price and exchange rate 

elasticities - as estimated in this model - are comparable 

to other studies. The own-price elasticity of -.02 is 

very close to Pindyck' s real own-price elasticity of -

.025, but lower than Brown and Philips' -.103. The Brown 

and Philips' results are closer to this model's direct 

exchange rate elasticity of - .125. The combined price 

effects would be expected to fall in the same general 

area. 

The United Kingdom's short-run price and exchange 

rate elasticities fall close to the other studies. The 

own-price elasticity of -.088 is close to Pindyck's -.07. 

The direct exchange rate elasticity of - .169 is above 

Brown and Philips' domestic price elasticity of - .125. 

Once the exchange rate is combined with the dollar price, 

it should drop. 
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The Italian model's elasticities follow the same 

general direction as Pindyck's Italian price elasticity of 

-.17, which falls between the - .139 dollar price and -

.205 exchange rate price elasticity found in this study. 

The exchange rate elasticity of -.02, as found by Brown 

and Philips, is far below this study's results. Brown and 

Philips rejected their finding for Italy due to its low t

statistic. 

The di fference in 

studies is due to a 

the values between the different 

variety of reasons including 

differences in estimation techniques, frequency of data 

and incidence of energy use. Kouris (1982) discusses why 

different results occur when estimating energy demand. 

5.8 Summary 

The model explains 

short-run petroleum flows. 

the structure of a country's 

The empirical results of the 

three countries used to test the model are consistent and 

robust. The countries' dollar exchange rates have a 

negative sign causing an initial decrease in crude oil 

imports when exchange rates rise. Once the exchange rate 

is allowed to filter through the product markets, the 

direct exchange rate effects are smaller. Germany, which 

is heavily dependent on imported petroleum, has an 

elasticity close to zero, at -.055. Italy has a much 
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higher exchange rate elasticity of - .126, indicating its 

sensitivity to conditions in foreign product markets which 

it supplies. The United Kingdom has a total exchange rate 

elasticity of +.02, a result of the substitution of 

locally produced crude oil for foreign products. 

The refinery flexibility term also works very well. 

In all three equations, FLEX predicted as expected and the 

results were robust. Including the capital structure of 

the nation r s refinery industry greatly reduces the 

unexplained variations in petroleum flows. 



6.1 Introduction 

CHAPTER SIX 

SUMMARY AND EXTENSIONS 
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The primary purpose of this study is to test how a 

country's dollar exchange rate affects the nation's short-

run petroleum flows. Petroleum flows can be divided into 

two general categories: crude oil and petroleum products. 

All traded crude oil streams are denominated in dollar 

terms while most products are traded in the country's 

domestic currency. This can cause two inefficiencies in 

the international petroleum markets. First, a nation's 

domestic crude oil price fluctuates more quickly as it 

adjusts to the more volatile exchange rate market than if 

it had been solely determined by changes in the 

international crude oil market. This means the derived 

demand for crude oil adjusts to reflect the country's 

overall trading patterns, including the demand for all 

imported and exported products. 

Second, as the dollar exchange rate changes, the 

relative price between the two petroleum flows changes. 

This creates a short-run wedge between the optimal demand 

for crude oil and petroleum products. The wedge is 

created because time is required for all parties to adjust 

to the new relative prices. The refinery industry takes 

time to adjust its operation and product prices to reflect 
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the change in crude oil prices. Crude oil producers, who 

do not see the price change, have not had time to see 

demand shift due to the new domestic crude oil price. 

Given time, the wedge disappears as the trade flows 

adjust. 

The secondary purpose of this study is to determine 

the effect of a nation's refinery industry's technical 

sophistication on petroleum flows. The refinery industry 

is essential for converting the country's crude oil 

inflows into a demanded petroleum product slate. The 

greater the refinery industry's technical sophistication 

(and complexity), the more efficiently it can supply the 

nation's demanded product slate. As the refinery becomes 

more complex, it gains flexibility in producing different 

products and thereby in changing its input demand. This 

affects petroleum flows by reducing the need to import 

large quantities of crude oil to produce the demanded 

product slate and by eliminating surpluses of some 

petroleum co-products. At the same time, the nation will 

change its demand for foreign products as its local 

refinery industry can better meet its demand. 

By separating a country's domestic crude oil price 

into its two components and accounting for indirect 

exchange rate effects on the product markets, it is 

possible to test how the nation's dollar exchange rate 
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affects the domestic petroleum flows. Furthermore, by 

incorporating a measure of refinery flexibility into the 

model, flexibility can be tested to see how it affects the 

different flows. 

A four-equation, structural model of a country's 

short-run petroleum demand function for the two major 

petroleum flows was used. The model is based on a 

country's derived demand for petroleum as determined by 

the nation's aggregate production function. The short-run 

demand for the two major flows and substitution between 

each are estimated. The direct effects of the dollar 

exchange rate are incorporated in the first equation which 

estimates crude oil's proportion of refinery input. Its 

indirect effects on petroleum product imports are 

incorporated by estimating the equation using the translog 

functional form. By using the translog, the joint effect 

of the dollar exchange rate and the weighted average price 

of imported petroleum products is incorporated into the 

model and the indirect exchange rate effects are tested. 

All other joint terms of the classical trans log function, 

i. e., translog terms, are 

effects on petroleum flows. 

set at zero eliminating their 

The trans log model allows the 

use of a single variable to incorporate the product flows 

indirect effects. To account for the simultaneously 

determined crude oil and petroleum products inflows, a 
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two-stage least squares technique was used to estimate the 

model. 

The period of analysis was the first quarter of 1978 

to the second quarter of 1987. During this period: 1) 

the value of the United states dollar relative to the 

world's major traded currencies reached a low point in 

1979 and a peak in 1985 before returning to its earlier 

levels; 2) crude oil experienced its last major price 

shock in 1979, and slowly fell to its current levels, and 

3) the world's major refinery centers were undergoing a 

structural change (and still are), increasing flexibility 

and decreasing distillation capacity. 

The model was applied to three industrial countries 

whose dollar exchange rates were freely determined by the 

international financial markets and represented different 

types of crude oil and petroleum product trade scenarios. 

The Federal Republic of Germany (West Germany) was used 

because it is totally dependent on both crude oil and 

product imports to operate its economy. The United 

Kingdom was used because it exports both crude oil and 

petroleum products. Italy is a half-way house that 

imports all its crude oil needs but exports light-end 

petroleum products. Also, Italy is one of the few 

industrial country's with a petroleum export industry 
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which does not rigorously regulate domestic product 

prices. 

The model worked well for all three scenarios. For 

both West Germany and the United Kingdom over 92 percent 

of the variations in crude oil imports were explained. In 

Italy's case, over 80 percent of the variations were 

explained. Applying Theil's U-Statistic and its 

decomposition verifies the findings. See Table 6.1. 

Three major findings of the model are discussed in 

this chapter. First, the effects of the dollar exchange 

rate are brought out in the context of the country's 

domestic price and are compared with crude oil's dollar 

price effects. Second, the effects of refinery 

flexibility are discussed. Although the primary objective 

of the study is to analyze the effect of dollar exchange 

rates on petroleum flows, its secondary objective is to 

test for the effects of the refinery industry on petroleum 

trade flows. Its importance is revealed through 

incorporating each country's refinery flexibility index in 

the model's stochastic equations. These results and their 

implications are presented. Third, a brief discussion of 

the importance of each type of petroleum flow (crude oil 

or product imports) is related to the type of country 

scenario. Finally, model extensions are suggested. 
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Table 6.1: Summary of Model Performance Simple 

Regression and Theil's U-Statistic 

Germany Italy United 
Kingdom 

I. Simple Regression of Actual and Predict 

B-one 0.96 0.85 0.97 
Constant 735.79 2979.00 619.50 
LHS Mean 19667.80 20430.00 18910.00 
R2 0.92 0.82 0.92 
Adj. R2 0.92 0.82 0.92 
F 1,36 432.74 165.76 410.20 
D.W. 2.06 1. 67 1.59 

II. Theil's U-Statistic 

U-Stat: 0.056 0.092 0.041 
RMSE: 1119.520 1908.289 788.688 
Urn: 0.000 0.011 0.009 
Ur: 0.018 0.123 0.012 
Ud: 0.982 0.876 0.987 
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6.2 Exchange Rate Effects of Petroleum Flows 

The exchange rate effects of petroleum flows, as 

measured by the exchange rate elasticity of demand for 

crude oil, can be divided into three types: direct, 

indirect and total elasticities. The direct exchange rate 

elasticity is the initial effect of a change in the 

exchange rate on the country's crude oil inflows (before 

there is time to work through the system). The indirect 

elasticity is the effect of exchange rates on the 

petroleum product import markets as reflected through the 

weighted average import product prices. It shows what 

happens as the exchange rate has time to work through the 

system. The total elasticity is the combination of direct 

and indirect elasticities of the exchange rate, after 

factoring out the effects of the product import prices as 

measured by the translog term. Its calculation is 

presented in Chapter Four. The total elasticity shows how 

the exchange rate ultimately affects the country's crude 

oil inflows. 

The short-run direct dollar exchange rate elasticity 

of demand for crude oil is consistently higher than the 

crude oil dollar price elasticity. For the three 

scenarios tested, the exchange rate elasticities were 

close to twice those of crude oil. Italy's exchange rate 

and dollar price elasticities were the closest (at -.20 
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and - .14 , respectively). The Italian refinery industry 

reacts in a similar fashion to all domestic price 

fluctuations, no matter what the cause. West Germany's 

exchange rate elasticity was - .13 while its price 

elasticity was -.02 (but statistically insignificant). 

For a country that is totally dependent on both crude oil 

and product imports, Germany's price elasticity implies it 

does not react to the long-term fluctuations. Instead, it 

minimizes the effects of the short-run domestic price 

fluctuations. In both cases where the countries imported 

nearly all their crude oil inputs, the exchange rate 

variable was more significant than the dollar price 

variable. 

Even the United Kingdom (a country that exports both 

crude oil and products) has a greater reaction to the 

short-run volatility of dollar exchange rate than it does 

to crude oil's dollar price. British exchange rate 

elasticity is -.16, twice its dollar price elasticity of -

.08. Once again, the short-run fluctuations cause the 

nation and its refineries to react more than does the less 

volatile OPEC crude oil price. Unlike crude oil importing 

countries, the U.K. 's dollar price coefficient was 

statistically more significant than that of its dollar 

exchange rate. It is probably a result of the dollar 
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price affecting both crude oil production and the 

refineries' production process. 

This implies that the industrial nations should be 

more concerned with those factors that influence the 

country's dollar exchange rate. Any exchange rate 

fluctuation that occurs will not only affect all 

industries by changing their products' relative values, 

but also indirectly affects the cost of their production 

through energy costs. Government policymakers should make 

policy decisions taking into consideration the effects of 

exchange rates on crude oil prices. As their nation's 

dollar exchange rate depreciate, crude oil's price 

increases, causing a price shock throughout the nation's 

economy. Refiners should increase their efforts to 

mitigate the effects of exchange rate fluctuations by more 

actively using the futures markets for crude oil, 

petroleum products, and foreign currencies. 

The short-run indirect elasticity of crude oil demand 

consistently fell below that of the direct exchange rate 

elasticity. For West Germany and Italy the indirect 

elasticity had a positive sign, while for Britain it was 

negative. For all three countries the indirect 

elasticities tended to minimize exchange rate effects on 

crude oil inflows. For Britain, a crude oil importing 

country, the variable was statistically significant. For 
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crude oil exporting countries, the variable fell below a 

statistically acceptable level. 

Petroleum markets handle the industry's practice of 

denominating crude oil in United States dollars by 

adjusting to changes in the country's dollar exchange 

rate. For all three countries the total exchange rate 

elasticity is lower than the direct elasticity, thereby 

minimizing the overall effect of dollar exchange rate 

fluctuations. For a country with competitive product 

markets and a strong refinery industry, the net effect of 

a change in the dollar exchange rate is nearly eliminated. 

West Germany's total elasticity is -.055, close to the 

dollar price elasticity. Since West Germany has had the 

strongest economy in Western Europe, 

substitute the lower cost source 

products in its production function. 

it has been able to 

of final petroleum 

Relative to the 

other European countries, it has a competitive advantage 

in buying crude oil and imported products. Its advantage 

in the crude oil market comes about because its dollar 

exchange rate is one of the strongest among European 

nations. This provides Germany with the ability to buy 

crude oil cheaper than all other European countries 

dependent on crude oil imports. With lower input costs, 

it has a competitive advantage in the production of 

products. Germany can better afford to buy imported 
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products because its currency is one of the strongest in 

Western Europe 1 • Not only has it appreciated relative to 

the United States, the Deutsche Mark also has appreciated 

relative to most major European currencies. This makes 

non-German production relatively cheaper than German 

petroleum production. 

products for crude oil. 

Germany is able to substitute 

Ultimately, the relative cost 

differences between lower crude oil inputs and foreign 

product determines which petroleum flow will dominate and 

be imported. 

For the United Kingdom, the total exchange rate 

elasticity is +.028, far below the dollar price elasticity 

of -.8. This is interesting because a depreciation in the 

British pound will actually increase the use of crude oil 

even though its domestic price increases. This occurs 

because British crude oil inflows come primarily from 

local production. The domestic refinery industry finds it 

more profitable to use domestic crude oil (which includes 

Norwegian crude oil produced in the North Sea fields) than 

to import foreign crude oil. The British economy is more 

sensitive to actual domestic crude oil price changes 

1. A strong Deutsche Mark can work for and against an 
economy. A strong Mark will make foreign products 
relatively cheaper than domestically produced products and 
services. At the same time, German goods and services are 
more expensive, decreasing their exports, and affecting 
Germany's balance of payments. 
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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 oil 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 

oil 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 Kingdom'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 oil inflows. As the refinery industries become more 
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Table 6:2: Refinery Flexibility Coefficient By Country 

And Equation 

Crude Oil Product 
Inflows Imports 

Germany1 - 2.08 + 1. 77 

Italy - 1.22 + 6.20 

United Kingdom - 1.98 - 3.34 

1. Germany's flexibility elasticity with 
respect to crude oil inflows is the original 
model specification. Since its value was 
close to the adjusted product imports equation, 
it is reported for completeness sake. 

Substitution 
of Inflows 

- 4.27 

- 15.18 

- 2.40 

242 



243 

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 sophisti~ated 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 valued 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-I. 22 elasticity, 

falling between the other two countries. The reason for 

the lower elasticity is not obvious, but can also be 
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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 

oil 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 oil input2 • The magnitude of Italy's coefficient is 

questionable and probably reflects the increased imports 

of residual fuel oil 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 oil or reduced crude oil was much 
cheaper than that of crude oil. 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 oil 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 like residual fuel oil. This makes them 

even more competitive in some markets. 

In the petroleum flow link 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 oil 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 Italian refinery industry and its 

structural changes have caused the Italian economy to 

adjust between crude oil 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 oil 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 investing 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 oil and petroleum product 

flows. In the aggregate, the world consumption of 

products - by weight - must equal its crude oil inputs 

(adjusted for gains and losses during the production 

process), but this need not apply to an individual 

country. 

nation's 

prices. 

industry 

petroleum 

Domestic petroleum consumption is based on the 

aggregate production function and local product 

Crude oil imports occur as the local refinery 

tries to optimize its returns by selling 

products to domestic and foreign consumers. 

Crude oil 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 oil 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 oil demand. 

As more products are imported, less 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 local 

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 variable'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 market equations, crude oil int'lows 

also have a strong inverse effect on foreign product 

demand. The degree to which product flows are affected by 

crude oil 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 oil 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 oil 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 utilization 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 oil flows. As the 

dollar exchange rate fluctuates, the relative change in 

demand for each product and crude oil could be traced 

through the system. In the case of Germany, one would 

expect its strong currency would show an increase in crude 

oil from the Middle East and product from Italy and Spain 

(which has a depreciating curreny)4. 

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 bilateral 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 oil, supply side. This 

would expand the model's ability to measure the effect of 

dollar exchange rates on both sides of the crude oil 

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 oil 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 oil market. Although oil 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) 

products. 

country's 

countries (as well as many developing 

have substituted away from heavier petroleum 

This has changed the structure of each 

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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COMPARATIVE STATIC EQUILIBRIUM EFFECTS 

OF DOLLAR EXCHANGE RATES ON PETROLEUM FLOWS 

A.1 Introduction 
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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 oil price and how crude 

oil's domestic price differs from the world dollar price. 

Exchange rate effects are traced from the domestic crude 

oil market in local 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 oil price and eventually affects demand 

for crude oil in dollar terms. The initial effects are 

then extended into the world crude oil market where the 

world market returns to equilibrium .. 

A.2 Short-Run Domestic Crude Oil Demand 

A nation's crude oil consumption is a derived demand 

based on the demand for final and intermediate petroleum 

products and the country's aggregate production function1 • 

1. Using an aggregate production function to determine 
the demand for crude oil has recently beeri gaining 
popularity. Marquez (1984) and Hogan and Leiby (1986) 
describe and justify 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 oil 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: 

where 

D 
P~t 
PSt 
Ft y 
pbPt 

= 
= 
= 
= 

= 
= 

Derived Demand for crude oil, 
Domestic crude oil price in local currency, 
Price of substitute energy inputs, 
Technical change, 
National income or GNP, and, 
National population. 

Excluding government policies which affect product 

and crude oil prices, Pdt is a function of the nation's 

dollar exchange rate and the world dollar crude oil price, 

that is: 

where 

EXt = the nation's dollar exchange rate denominated 
in dollars, and, 
p$t = average doll~r crude oil price. 

functions in estimating crude oil 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 

Separating crude oil's dollar price from the 

country's dollar exchange rate is possible since the two 

are determined independently of each other2. 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 oil'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: 

dDt <> ______ 3 

dP$t 

2. This is particularly true for the industrial 
countries where crude oil 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 oil demand due to short-run 

fluctuations in the country's dollar exchange rate may not 

be equal to the change in crude oil demand due to changes 

in the dollar price. 

should be equa1 4 • 

In the long run, the reactions 

A.3 Competitive Factor Market 

The static equilibrium analysis developed here is 

based on crude oil 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 oil 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. 
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price. The curve is derived from the nation's aggregate 

production function and represents the value 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 oil to the country. 

Information about crude oil's quality, price and 

availability is widely published. Even the assumption of 

a homogeneous product is approximated by the industry is 

practice of discounting or adding a premium based on 

quality differences5 • 

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 is 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 oil 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 crude oil 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 oil price per barrel. 

is denominated in United 

Below the x-axis, 

States dollars, 

the price 

p$' and 

represents the international dollar crude oil price per 

barrel. Dd is the demand curve in local currency, 

quantity space while D$ is in dollar, quantity space. D$ 

is upward sloping because it is an upside-down demand 

curve. D$ still has an inverse relationship to price. By 

representing the nation's demand curve in both quadrants 

(but in different price, quantity 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 price6. Whether 

the crude oil 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 oil 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 Od 

is equal to Sd in local currency terms and 0$ is equal to 

S$ in dollar terms. At an initial price of PO (or p$)' 

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 line representing 

equality between the two axis. 

The exchange rate market is shown in the second 

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

6. In most industrial nations, the national government 
does not buy the crude oil. Instead, individual refining 
companies buy the crude oil 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 oil 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 oil'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 oil price has increased from Pd to Pd' because it 

takes more domestic currency to buy a barrel of crude oil. 

The domestic crude oil supply crude shifts up to SD' 

because the marginal cost of an additional barrel of crude 

oil has increases. A new equilibrium is attained at Qc' 

where the new supply curve, SD', and the original demand 

curve in domestic currency terms are equal. The quantity 

demanded of crude oil 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 oil 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 oil producing 

countries to adjust price. 

But the market is still in disequilibrium in the 

dollar crude oil quadrant. Crude oil's dollar price has 

not changed, so oil 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, D$' must shift inward in the dollar quantity space 

to achieve equilibrium. The curve shifts inward just 

enough so total quantity demanded is equal to Qc and both 

markets are in short-run equilibrium. Oil 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.S Exchange Rate Effects with the Industry Included 

Once the industry is included in the analysis, it is 

possible to see how doll~r exchange rate fluctuations 

cause the crude oil industry to adjust its outputS. 

Exchange rate effects in the overall market can be seen in 

Figure A.2 which adds the crude oil industry to Figure 

A.I. (The exchange rate market and the transitional 

curves from Figure A.I 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.I we know that as the exchange rate 

depreciates, a nation demands less crude oil. This in 

turn, causes crude oil's industry demand curve to shift 

inward in dollar, quantity space. The differences between 

Qc' and Qc and Qw' and Qw are equal. At p$' since supply 

exists in the crude oil 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 price 9. The dollar price drops to 

p$', returning the industry to equilibrium. The supply 

of crude oil (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 oil 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 by 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. 
Oil 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. 
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