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Abstract

This paper deals with development of oil prices and the factors which have
impact on these prices. The main objective of this paper is to identify the impact
of movement of exchange rate of US Dollar on crude oil prices. To reach the
mentioned objective we have had used theoretical and empirical analyses and
methods such as regression model, Granger causality and structural models to
identify to what the extent the oil prices depend on the value of US Dollar, as
one of the factors influencing the oil prices in the international markets, particu-
larly in the last two decades. We find that US Dollar has a significant impact on
oil prices.

Keywords: crude oil price, US Dollar exchange rate, regression model, granger
causality, structural model.
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Introduction

In majority, primary commodity prices are expressed in US Dollar (USD),
especially oil prices, not only in the commodity markets but also in many inter-
national organizations, for example, in the International Financial Statistics
(IMF), or in terms of indices based on dollar prices. As such, oil prices are obvi-
ously affected by inflation as well as real developments, and also by the value of
the US Dollar exchange rate. Therefore, a change of both variables affects the
international trade of all economies. In the case of oil prices, any change of them
affects prices of other primary commodities, products and services, and subse-
quently macroeconomic indicators of oil exporting and importing countries.
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There is therefore a definite link between monetary policies and exchange rates
among other factors and oil prices. And this is the subject of analysis in this paper.

The oil prices have signed a clearly fluctuated trend starting with the first
through the second oil shock up to the present. According to Jalali-Naini and
Manesh (2006) the crude oil price exhibits a high degree of volatility which var-
ies significantly over time. Between 1987 — 2005, oil price volatility far exceed-
ed that of other commodity prices. Behind that, there were many causes — the
often mentioned one in the economic and energy-economic literature is the polit-
ical (war conflicts) instability factor and subsequently the interruption of oil
production or supply. It is clear that there are other factors influencing the oil
prices — in the last decade, the increasing demand for oil in the emerging econo-
mies (China, India etc.), speculation in commodity markets and the weakening
of the US Dollar.

The main objective of this paper is to examine the correlation between oil
prices and the value of the US Dollar, and to draw some conclusions about the
oil market. Considering that one of the causes of raising the oil prices is a drop
of the value of US Dollar, to what the extent the US Dollar declined we will see
via its exchange rate against the main currencies like Japanese (yen), and other
European currencies and the subsequent impact on the oil prices.

In addition to the qualitative analyses, as the research method we are using
regression model, Granger causality and structural models to identify to what
the extent the oil prices depend on the value of US Dollar, as one of the factors
influencing the oil prices in the international markets, particularly in the last two
decades.

1. Theoretical Investigation and Literature Discussion

It is understandable, that behind the increase or drop of oil prices is more than
one factor, though it often one of them has more impact than others. In addition
to the fundamental market factors (supply and demand) there are many others,
such as, speculation in the crude oil markets, the less predictable factors (politi-
cal instability hurricanes, tsunami, etc.), the US Dollar exchange rate as a more
discussed factor in the energy-economic literature at least in the last two decades
and other factors like capacity of the so-called downstream sector. In this paper
we will devote more attention to the role of movement of US Dollar exchange
rate in the movement of oil prices.

Many studies related to this issue have been done. Part of them, theoretically
and empirically examined the impact of oil prices on dollar real effective ex-
change rate, see (Coudert, Mihnon and Penot, 2008). They find that causality
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runs from oil prices to the exchange rate. “... as we investigate the channels
through which oil prices affect the dollar exchange rate, we find out that the
link between the two variables is transmitted through the U.S. net foreign asset
position.” (Coudert, Mihnon and Penot, 2008) In the same link (Amano and van
Norden, 1998) examined whether a link exists between oil price shocks and the
U.S. real effective exchange rate. They used the single-equation error correction
and find that the two variables appear to be cointegrated and that causality runs
from oil prices to the exchange rate and not vice versa. “The results suggest that
oil prices may have been the dominant source of persistent real exchange rate
shocks over the post-Bretton-Woods period and that energy prices may have
important implications for future work on exchange rate behavior” (Amano and
van Norden, 1998) According to Bénassy-Quéré, Mignon and Penot (2005), the
relationship between oil price and US Dollar exchange rate is clear. They pro-
vided evidence of a long-term relation (i.e. a cointegration relation) between the
two series in real terms and of a causality running from oil to the dollar, over the
period 1974 — 2004. Their estimation suggests that a 10% rise in the oil price
leads to a 4.3% appreciation of the dollar in real effective terms in the long-run.
The estimation of an error correction model shows a slow adjustment speed of
the dollar real effective exchange rate to its long-term target (with a half life of
deviations of about 6.5 years). Although consistent with previous studies, our
results are unable to explain the period 2002 — 2004 with a rising oil price and
a depreciating dollar.

On the other hand, many other studies examined the impact of US Dollar
exchange rate on oil price, see e.g. ( Alhajji, 2004; Cheng, 2008; Krichene, 2005;
Yousefi and Wirjanto, 2004). According to Alhajji, “US Dollar depreciation
reduces activities in upstream through different channels including lower return
on investment, increasing cost, inflation, and purchasing power. Furthermore,
US Dollar devaluation increases demand in countries with appreciated currencies
because of increase in purchasing power and increases demand in the US as tour-
ists prefer to spend their vacations in the US”. In case of US Dollar depreciation,
the revenues of oil exporting countries, at least those whose local currencies are
tied to US Dollar, are more or less decreased. This leads to a deterioration of
their terms of trade, because they must export more units of crude oil to get the
same amounts of imported products for example from Europe, than they had to
before US Dollar depreciation. Therefore, oil exporting countries are inclined to
maintain oil prices high as much as appropriately in proportion to the US Dollar
depreciation, and alleviate the loses in their oil revenues.

In the same link, Krichene (2005) examined the relation between oil prices,
interest rates and US Dollar exchange rate NEER (Nominal Effective Exchange
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Rate ). In his study the attention was given to shocks arising from monetary policy
— namely, shocks to interest and exchange rates. He used a vector autoregressive
model (VAR) to analyze cointegration between crude oil prices, the dollar’s
NEER, and U.S. interest rates based on monthly, quarterly, and annual data. He
reported that VAR analyses did not reject the existence of at least one cointegra-
tion relation. Although the cointegrating coefficients change both in sign and
statistical significance according to frequency, sample period, and the number of
lags, there is nevertheless a stylized relation during periods of large movements
in interest and exchange rates. While an interest rate shock generally affects
negatively and significantly oil prices for most of the sample periods, the effect
of a NEER shock is significantly negative, essentially during periods of large
movements in interest and exchange rates (Krichene, 2005).

1.1. The US Dollar and the Oil Prices

When we go back to the history of crude oil invoicing by US Dollar, many
sources agree that the formation of this idea dates back to 1945, when the US
and Saudi Arabia had formed a cooperative partnership, following meetings
between Franklin Delano Roosevelt and King Ibn Saud. US oil companies (Exxon,
Mobil, Chevron, and Texaco) were already controlling Saudi discovery and pro-
duction through a partnership with the Kingdom, the California Arabian Stand-
ard Oil Company [CASOC, the forerunner of the Arabian American Oil Compa-
ny (Aramco, the forerunner of today’s Saudi Aramco)]. In 1973, the Saudi Gov-
ernment increased its partner's share in the company to 25%, and then 60% the
next year. In 1980, the Saudi government retroactively gained full ownership of
Aramco with financial effect as of 1976. But, according to research by Spiro
(1999), in 1974, the Nixon administration negotiated assurances from Saudi
Arabia to setting the price of oil in dollars only, and investing their surplus oil
proceeds in U.S. Treasury Bills. In return the U.S. would protect the Saudi re-
gime. At about the same time this was happening (1975), the Saudis agreed to
export their oil for US Dollars exclusively. Soon OPEC (Organization of the
Petroleum Exporting Countries) as a whole adopted the rule. In 1973, with the
dollar now floating freely, the Arab nations of OPEC embargoed oil exports to
the US and other western countries in retaliation for American support for Israel
in the Ramadan/Yom Kippur War. By this time it was clear that US oil produc-
tion had peaked and was in permanent decline, and that America would become
ever more dependent upon petroleum imports. As oil prices soared four times,
the US economy and other Western economies sharply turned down.

“In any case, the oil shock created enormously increased demand for the floa-
ting dollar. Oil importing countries, including Germany and Japan, were faced
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with the problem of how to earn or borrow dollars with which to pay their bal-
looning fuel bills. Meanwhile, OPEC oil countries were inundated with oil dol-
lars. Many of these oil dollars ended up in accounts in London and New York
banks, where a new process — which Henry Kissinger dubbed ,,recycling petro-
dollars® — was instituted.” (Heinberg, 2004)

OPEC countries were receiving billions of dollars they could not immediately
use. When American and British banks took these dollars in deposit, they were
thereby presented with the opportunity for writing more loans (banks make their
profits primarily from loans, but they can only write loans if they have deposits
to cover a certain percentage of the loan-usually 10% to 15%, depending on the
current fractional reserve requirements issued by the Fed or Bank of England®)
(Heinberg, 2004).

Figure 1

US Dollar Exchange Rate against World Currencies and Nominal Oil Price,
1983 - 2011
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Note: Left axis- oil price WTI and right axis — US Dollar exchange rate against the selected currencies
(the value of JPY is divided by 100).

Source: Author’s calculation based on data from <http://www.economagic.com/> and EIA online data.

Henry Kissinger, an advisor to David Rockefeller of Chase Manhattan Bank,
suggested the bankers use OPEC dollars as a reserve base upon which to aggres-
sively ,,sell bonds or loans, not to US or British corporations and investors, but
to Third World (developing) countries desperate to borrow dollars with which to
pay for oil imports. By the late 1970s these petrodollar’s debts had laid the basis
for the Third World debt crisis of the 1980s (after interest rates exploded). Most

2 Basel II requires that the total capital ratio (the percentage of a bank's capital to its risk-
weighted assets) must be no lower than 8%.
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of that debt is still in place and is still strangling many of the poorer nations.
Hundreds of billions of dollars were recycled in this fashion. (Incidentally, the
borrowed money usually found its way back to Western corporations or banks in
any event, either by way of contracts with Western construction companies or
simple theft on the part of indigenous officials with foreign bank accounts.)
(Heinberg, 2004)

Also during the 1970s and ’80s, the Saudis began using their petrodollar sur-
pluses to buy huge inventories of unusable weaponry from US arms manufactur-
ers. This was a hidden subsidy to the US economy, and especially to the so-
called Defense Department. With the end of Bretton-Woods in 1971, the US
refused to continue supplying gold at 35 US Dollars per ounce to other central
banks. There was a December 1971 Smithsonian extension of the exchange rate
peg system, with the final breakdown of the fixed exchange rates occurring in
March 1973 (McCallum, 1999). The US inflation rate was left to increase dra-
matically since other countries were no longer locked into supporting the fixed
US Dollar gold price, or the exchange rate peg, and did not have to buy the ex-
cess US Dollars. This provides a monetary explanation for the jump in inflation
in 1974. Further jumps in the inflation rate in the 1970s occurred during the in-
creasing deficits and money creation of the Carter Presidency, and before the US
Federal Reserve tenure of Paul Volcker.

Some literature suggests that US-generated inflation was the main reason for
the two ,,0il shocks” in 1974 and 1979. Penrose mentions that early attempts to
raise the oil price were defended by OPEC with the explicit argument to offset-
ting the cumulative effect of US inflation, as well as to shelter against future
erosion of revenues due to inflation (see Gillman and Nakov, 2001).

Similarly, Spero and Hart (1997) suggest that the increasing inflation rate and
the devaluation of the dollar lowered the real value of earnings from oil production
and led OPEC countries to demand a substantial increase in the price of oil. Barsky
and Kilian (2000) question the extent to which oil shocks played a dominant role
in triggering stagflation in the 1970s. They argue that there is little evidence that
oil price rises actually raised the deflator, and suggest that monetary fluctuations
can explain the variation in the price of oil and other commodities.

However, looking at the above figures and both the curve of oil prices and
that of the US Dollar exchange rate, we can see a nearly identical trend of US
Dollar exchange rate at least against the two selected European currencies, which
have in the long term on average a decreasing trend. On the other hand, the oil
prices also in the long term on average have an increasing trend (Obadi, 2006).
This confirms the fact that the oil prices which are quoted in US Dollar depend
on the development of its value. The question needs to be asked whether the
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cycle of the value of the dollar against major currencies is related to the cycle of
the dollar oil prices. A casual reading of the statistics suggests that this relation-
ship is quite close. For further illustration, see the empirical section of this paper,
in which we tried to reveal the negative correlation between oil prices and the
US Dollar exchange rate.

The above figure shows the development of the value of dollar against select-
ed world currencies (JPY, CHF and EUR) and the oil prices since 1983 to 2011,
wherein an unambiguously reverse direction of oil prices and the exchange rate
of US Dollar against the selected world currencies is shown. Similar results had
found (Weller and Lilly, 2004) — oil prices have risen, while the dollar has simul-
taneously plummeted against the euro. The authors measured how much these
two prices move in tandem, using a correlation coefficient. The correlation coef-
ficient between oil and dollar is —0.7. That is, most of the time, when the dollar
fell against the euro, oil prices rose.

OPEC is worried about the weakening value of the dollar: it has lost one-third
of its value in just under two years (Rifkin, 2004). Since OPEC sells oil for dol-
lars, the oil-producing countries are losing fortunes. The revenues just as the
value of the dollar are diminishing (Obadi, 2006). And because oil-producing
countries then turn around and purchase much of their goods and services from
the EU and must pay in euros, their purchasing power continues to deteriorate. It
is a big factor, perhaps bigger than the global demand and supply. In the late
1970s, the price of oil increased by 43% in USA but only 1% in Germany and
7% in Japan.’ That’s despite the fact that Germany and Japan were more de-
pendent on imported oil than USA.

2. Methodology

A negative linear relationship between oil prices and economic activity in oil
importing countries has found in many theoretical and empirical studies. How-
ever, in the mid 80s it was indicated that the linear relationship between oil pric-
es and economic activity began to lose statistical significance. Mork (1989), Lee
and Ratti (1995) and Hamilton (1996) introduced the nonlinear transformation of
oil prices to explain the negative relationship between the rise in oil prices and
economic downturn and to prove Granger causality between these two variables.

Hamilton (1996) and Jiménez-Rodriguez and Sanchez (2004) also confirmed,
on the example of USA, the existence of non-linear relationship between these
variables. The importance of oil in the world economy explains why so much

3 All increases are stated in local currencies.
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effort has been put into developing different types of econometric models to
predict future price developments. In this section we describe the basic types of
models. Financial models concentrate on the relationship between spot and fu-
tures prices. On the other hand, structural models explain the oil prices develop-
ment by exogenous variables, which describe the physical oil market.

2.1. Financial Models

Financial models are directly inspired by financial economic theory and
based on the Market efficiency hypothesis (MEH). This theory is often attributed
to Eugene F. Fama whose study The Behavior of stock market prices (Fama,
1965) is considered crucial in theory of market efficiency. He says that in the
presence of full information, a large number of rational agents in the market,
current prices reflect all available information and expectations for the future. In
other words, the current prices are the best estimation of tomorrow's prices. Gen-
erally, financial models examined the relationship between the spot price S; and
the future price F;, with maturity 7. They examined, whether the future prices are
unbiased and efficient estimator of spot prices.

Reference Model looks like this:

St+1:ﬁ0+,BIFt+3t+l 1)

In this equation F; is unbiased estimator of future prices Sy, if the common
hypothesis fp= 0 and £, = 1 is rejected and at the same time we do not indicate
any autocorrelation between residues.

Chernenko and Schwartz (2004) tested the validity of MEH, focused on rela-
tionship between the difference of spot and future prices.

Their model looks as follows:

S+ S :ﬂ0+ﬂl(Ft_St)+8t+l (2)

They analyzed monthly WTI oil prices in the period from April 1989 to De-
cember 2003. Authors also have compared the model with a random walk mo-
dels, and showed that both models exhibit nearly the same accuracy predicting
future prices, and also confirmed the theory of market efficiency.

2.2. Structural Models

Structural models concentrate on describing the development of oil prices
market through explanatory variables that describe this market. Variables that
are usually used to predict oil prices can be divided into two basic groups: varia-
bles that describe the role of OPEC in world oil market and the variables that
capture current and future availability of oil.
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Apart from the influence of OPEC, several authors emphasize the current and
future physical availability of oil. With this in mind, many key variables are
based on stock levels. Stocks are linkages between demand and production and
consequently a good measure of variations in prices (Zyren et al., 2005). Most
authors distinguish two types of stocks: government stocks and industrial stocks.
In terms of their origin, government stocks are not generated by real demand and
supply. This explains the decision of many economists to put into models indus-
trial stocks, which are changing within a short time and can capture the dynamics
of oil prices. In the same link, Zamani (2004) has presented short-term forecast-
ing models for WTI crude oil prices, where he incorporated both groups of vari-
ables, the physical availability of oil and the role of OPEC.

His model looks as follows:

S =1 + B, OQ + B0V + B4RIS + BsRGS+ BsDN + D90 + ¢ 3)

where
S— WTI crude oil spot price,
OQ - fixed production quota issued by OPEC,
OV —  overrun of this quota,

RIS — relative industrial stocks given by equation: RIS = IS — ISN, where IS is
value of industrial stocks and ISN is normal level of industrial stocks,

RGS — relative government stocks given by equation: RGS = GS — GSN,

DN—  ademand in countries outside the OECD (Organization for Economic Co-
operation and Development),

D90 — a dummy variable expressing the war in Iraq during the third and fourth
quarter of 1990.

Zamani used quarterly data for the period from 1988 to 2004. He suggested
that an increase in all explanatory variables leads to a reduction of the oil prices,
while the dummy variable and demand in non-OECD positively affect the price.

How OPEC decisions influence the oil price development?

The role of OPEC in the world oil markets has been examined by the aca-
demic community several years. Many studies brought evidence that OPEC has
an ability to influence real oil prices, although in the recent years the demon-
strated impact of the organization decreases. Many econometric analyses show
that there was a statistically significant relationship between real oil prices and
the following variables: capacity utilization by OPEC, OPEC quotas, exceeding
the amount of these quotas (overproduction) and oil reserves in countries OECD.
Between the abovementioned variables the existence of a Granger causality is
demonstrated These variables causally affected the real oil prices, but oil prices
did not affect these variables. Cointegration relationship between the real oil
prices, OPEC capacity utilization, quotas, and maintaining these quotas shows
that OPEC plays an important role in determining the world oil prices.
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2.3. The Impact of Exchange Rate of US Dollar on Oil Prices

In this empirical part we will focus on the impact of US Dollar (USD) ex-
change rate against main currencies on the oil prices. From the world currencies
we selected Japanese yen (YEN), Euro (EUR), and Swiss franc (CHF), using the
daily frequency data for the period 1986 : 1 : 1 — 2011 : 8 : 11. We have chosen
daily frequency data mainly because the exchange rates can change significantly
even during one day. We want to show different impact of exchange rates on
crude oil prices, therefore we analyze these three currencies and they relation to
US Dollar. In case of the European Union currency, we used German mark value
(DEM) multiple by the conversion rate which was approved on value 0.5113
EUR/DEM. This conversion rate is valid from January 1% 1999. Thereby, we
obtained a consistent time series for the entire period.

Overall, we have 6689 observations for this time period. As the dependent
variable we have selected WTI crude oil price. The value of the variable WTI
represents the average spot price of WTI crude oil with Incoterms standard FOB
(Free on Board), expressed in US Dollars for barrel. Correlation between oil
prices and the selected exchange rates will be examined through correlation ma-
trix; the results are shown in Table 1.

Table 1
Correlation Matrix
WTI USD/EUR USD/JPY USD/CHF
WTI 1 -0.1916 -0.5053 —0.6960
USDEUR -0.1916 1 0.2630 0.6813
USDJPY -0.5053 0.2630 1 0.7233
USDCHF —0.6960 0.6813 0.7233 1

Source: Own calculations.

According to this results we can say, that exchange rates have negative im-
pact on oil price development. So when the exchange rate is increasing, the oil
prices will decrease. The real impact on crude oil price we examine through re-
gression analyses of each explanatory variable on the dependent variable.

Before we started an analysis, we have tested each variable for the presence
of unit root. The incidence of unit root indicates that time series are nonstation-
ary, and because of these results, the regression could be spurious. Integration of
time series has been tested using the Augmented Dickey-Fuller test (ADF test).
The null hypothesis of this test is that the series has a unit root. The null hypoth-
esis of nonstationarity is rejected if the t-statistic is less than the critical value.
Critical ADF statistic values are considerably larger (in absolute value) than
critical values used in standard regression. (Critical values used in ADF test:
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Equation with no intercept and no trend: —2.58 (1%), —1.94 (5%), —1.62 (10%)).
Equation with intercept: —3.46 (1%), —2.88 (5%), —2.58 (10%). Equation with
intercept and trend: —4.01 (1%), —3.43 (5%), —3.14 (10%).) Lag structure of the
ADF test were determined using the Akaike Information criteria. The ADF test
confirmed a presence of a unit root in each variable.

The ADF test has proved that all variables are nonstationary, because they
contain stochastic trend, which can be clearly seen from the time series devel-
opment. Therefore, to describe long term relations between variables, we are
going to use cointegration analyses. Engle and Granger (1987) pointed out that
a linear combination of two or more nonstationary series may be stationary. If
such a stationary linear combination exists, the nonstationary time series should
be cointegrated. The stationary linear combination is called the cointegrating
equation and may be interpreted as a long-run equilibrium relationship among
the variables. The purpose of the cointegration test is to determine whether
a group of nonstationary variables is cointegrated or not. We carried out Johan-
sen cointegration test. This test reports the so-called trace statistics and the maxi-
mum eigenvalue statistics. The output of Johansen test also provides estimates
of the cointegrating relations £ and the adjustment parameters a,... We applied
Johansen test between WTI and each exogenous variable. The null hypothesis of
the test denotes that there is no cointegration relationship between variables. If
the probability of Trace statistic eventually maximum Eigenvalue statistic is
lower than 5%, we accept the alternative hypothesis of cointegration between
variables. And therefore we can further examine the longterm relationship
among these variables. The results are shown in tables below:

Trace and maximum eigenvalue test results indicate that there is no cointegra-
tion among variables at the 0.05 significance level. So between WTI price and
exchange rate USD/EUR there is no long-run equilibrium relationship. It means
that in the long term point of view there is no proved relation among these varia-
bles. It may be because in Europe more often Brent crude oil and other types of
crude oil from Russia and OPEC are traded.

Trace and maximum eigenvalue test indicates 1 cointegrating egn(s) at the
0.05 level. So between WTI price and exchange rate USD/JPY there is a long-
-term equilibrium relationship. After the confirmation of a cointegration relation
between variables we can establish an Error Correction Model (ECM). The ECM
has cointegration relations built into the specification so that it restricts the long-run
behavior of the endogenous variables to converge to their cointegrating relation-
ships while allowing for short-run adjustment dynamics. The cointegration term
and it is known as the error correction term since the deviation from long-run
equilibrium is corrected gradually through a series of partial short-run adjustments.
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The basic specification of EC model looks as follows:
Ay, = o0+ 1Axe1 + Oec(Ver—Po — frxe1) + & “

where coefficient a represents short dynamic and £ long term relationship be-
tween variables y and x. Coefficient a.. is an error correction element, which
describes the speed of correction of the deviation from long-term relationships.

From these results we clearly see the difference between the impact of ex-
change rate from short- and long-term view. In the short-term view the deprecia-
tion of the US Dollar against the Japanese Yen has a negative impact on WTI oil
price. However in the long-term view this impact is inverse this could be because
in the long- -term, prices have tended to adapt to the situation of decreasing or
increasing of the exchange rates. The error correction element value is 0.0008
which means that every time period deviation from long-term equilibrium de-
creases by —0.08%. In our case this period is one day, which means that this cor-
rection is appropriate.

The estimated model is as follow:

AWTI, = —0.0185 — 0.1343AUSDJPY,., — 0.0008(WTL,; — 0.026586 —
~0.059388USDJPY,,) + & (5)

Trace and maximum eigenvalue test indicates 1 cointegrating equations at the
0.05 level. So between variables there is a long term relation. We investigate this
relation using ECM.

Also in this relation we see differences between short and long-term dynam-
ics. In the short-term period the increasing of exchange rate causes a decrease of
oil price and vice versa in the long-term period. In the long-term view, the im-
pact of change of value USD/CHEF is higher than USD/JPY. But in the short-term
the oil price is more responding to change in USD/JPY value. The error correc-
tion element is higher in relation between WTI and USD/CHF, and its value is
—0.06, which means that each day the deviation from long-term equilibrium de-
creases by 6%.

AWTI, = - 0.0275 — 0.00971AUSDJPY,., — 0.06069(WTI.; — 0.044751 —
~6.250402USDJPY, ) + ¢, (6)

2.4. Structural Model of Qil Price Development

In this section, we have created an econometric model based on monthly data
that would describe the oil price development. For this purpose we have used
monthly data for the period from period January 1994 to September 2010, with
201 observations. We have chosen this time period because there were no struc-
tural changes in variables used in model. Also, because we have used monthly
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frequency data, we wanted to keep enough number of observations for relevant
analysis.
The model is as follow:

WTI= py + pLOECD + p,US + ;CHINA + BLOECDSTOCK + psUSSTOCKS+
+ BUSCOM + B7WP BsQUOTAS + BoCHEAT + p10GDPGROWTH +
+ B11OECDDAYS + B, USEXCHANGE + B1:DUMMY+ ¢, (7)

where:

Oil price of WTI (West Texas Intermediate) as dependant variable. The value of the
variable WTI represents the average spot price of WTI crude oil with Incoterm FOB,
expressed in US Dollars for barrel.

The Exogenous Variables

Demand Sid

One of the important fundamental variables, which explains the situation in
the oil markets is demand for this commodity, hence its consumption. With in-
creasing consumption, demand is growing, and causing that the demand curve
shifts to the right and consequently increases the price of oil. Thus, we assume
that the increase of consumption and in the presence of inelastic supply curve, oil
price will increase. We chose consumption of OECD countries (OECD) and
United States (US), as the largest consumer of this commodity. Both variables
are reported in thousands of barrels per day. We can see relatively stable growth
of these variables. However, we can notice that in the dynamically growing
countries such as India, Brazil and China, this growth is much higher.

Therefore, we incorporate into the model the Chinese demand for oil (CHINA).
These data were quarterly, so we adjusted them using linear interpolation. It
must be noted that these data are based on an estimation of the sum of domestic
oil production and import of this commodity, because of the lack of official data
on consumption.

Stocks

After the first oil crises in the 70s and 80s of 20th century, OECD decided to
set minimum stocks of oil in order to avoid unforeseen supply disruptions of this
energy commodity. As explanatory variables we chose the stocks of countries
belonging to the OECD (OECDSTOCK) and USA (USSTOCKS) — the stocks of
crude oil including strategic reserves and refined products. U.S. oil stocks ac-
count for about 25% of OECD stocks, and because of their significant share of
total OECD stocks, they are reported separately. Both variables are expressed in
thousand barrels. We assume that if the stocks level rises, it will cause a decrease
in demand for oil and then decrease its price. The commercial oil stocks in USA
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(USCOM) were included as another variable to the model. This is the amount of
reserves after deduction of Strategic Petroleum Reserves, which the U.S. Federal
Government usually holds in case of long interruption of oil supplies. By this
regressor we expect a negative impact on oil price. Furthermore, we have includ-
ed a variable that has been established by Kaufmann in his study — we called it
OECDDAYS and it is calculated as a proportion of OECD stocks and OECD
demand. This variable can be interpreted as a degree of independence from the
OECD and OPEC price shocks.

Supply Side

In this category we include a variable that indicates the global production of
oil (WP). It is measured in thousands of barrels per day. We assume that with
increasing production, the oil price declines. OPEC, the world's largest producer
as a cartel, declares raises or cuts of their production quotas (QUOTAS) and this
information is a very important sign for the oil markets and has an impact on the
oil prices. These quotas define for each member of OPEC the amount, which can
be produced per day by the particular member. This variable is stated in thou-
sands barrels per day for OPEC countries as a whole as well. Production quotas
are changing at the Board meetings of OPEC as a response to current prices and
demand for crude oil. We expect a negative relationship between oil prices and
production quotas, thus raising the value of production quotas causes oil price to
decrease. Using these restrictions, OPEC tries to control price development and
maintain the stability in the oil markets. But it has been observed that their ef-
forts were often violated by several members of the cartel. (In May 2009, the
OPEC’s compliance with a series of cuts agreed in the second half of 2008 has
reached about 80%, and it was an unprecedented figure in OPEC’s history.)
Therefore, we think that a violation (CHEAT) could be a further variable, be-
cause of its role in the supply side. It is a difference between OPEC production
and their quotas and will be expressed in thousand barrels per day. We expect
that an increase of violations of production quotas, will cause the oil prices to
decline because of overproduction.

Also we incorporated variables that describe economic activity (GDP growth)
of selected countries, especially, the largest consumption countries, such as
USA, Japan, Germany as the largest economy among European countries and
China as one of the fastest growing economy in the world and the second biggest
economy in the world. Because the data for this variable are available only in
annual frequency, we applied the statistical method of interpolation to get
monthly values. The last variable included in this model is US Dollar exchange
rate against euro (USDEUR). To capture the unforeseen factors such as geopolit-
ical factors etc. we established a dummy variable that will indicate the political or
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climate events that might affect the development of oil prices. In such situation,
the dummy variable has a value 1 and value 0 otherwise.

In Table 2 we stated correlation matrix of selected variables. Variables that
show to be correlated we used separately to avoid multicolinearity in the model.

Table 2
Correlation Matrix
4
z < %)
2| 2 Zlx|g =
219 = 2lele| 2|82 |5
a < 2 =) 5 = = DI = UI UI S a
Q Z|o| 2|0 O | d| ||| =|Aa]|C
= ) == = 7] ) & =) = a a a a 7 =
c|s|0o|o|s|5|zr|o|C|0o|Oo|v|O ||
OECD 1.00] 0.85] 0.37| 0.13| 0.09-0.38| 0.57| 0.27| 0.44-0.14| 0.06 -0.02 | 0.04| 0.12 -0.67
uUs 0.85]| 1.00| 0.56| 0.23| 0.26 -0.28| 0.73] 0.30| 0.62}-0.16| 0.12-0.01 | 0.00| 0.10 (-0.39
CHINA 0.37] 0.56| 1.00| 0.35| 0.81] 0.11]| 0.95] 0.50| 0.74 -0.37 -0.14 -0.18 | 0.06 -0.40 | 0.34
OECDSTOCK | 0.13| 0.23] 0.35| 1.00| 0.32| 0.18 | 0.34| 0.17| 0.28| 0.04| 0.05| 0.13 -0.04 |-0.11| 0.18
USSTOCKS 0.09] 0.26| 0.81] 0.32| 1.00| 0.52| 0.70| 0.54| 0.44 -0.24}-0.07 | 0.03| 0.150.70| 0.58
USCOM F0.38 -0.28 | 0.11| 0.18 | 0.52| 1.00 -0.02 | 0.10 -0.06 | 0.10 -0.05| 0.30 |-0.10 -0.25| 0.64
WP 0.57]10.73] 0.95| 0.34| 0.700.02| 1.00| 0.57| 0.77 -0.37 -0.13 -0.16 | 0.06 -0.27 | 0.13
QUOTAS 0.27] 0.30| 0.50| 0.17| 0.54| 0.10| 0.57| 1.00 -0.04 -0.48 -0.42 -0.16 | 0.03 -0.51 | 0.14
CHEAT 0.44] 0.62| 0.74| 0.28| 0.44}-0.06| 0.77 -0.04 | 1.00 -0.10| 0.11 -0.04 | 0.00| 0.05 | 0.09
GDP_US +0.14 -0.16 -0.37| 0.04 |-0.24 | 0.10-0.37 -0.48 |-0.10 | 1.00| 0.79| 0.82| 0.07 | 0.27 |-0.08
GDP_JAPAN | 0.06| 0.12}-0.14| 0.05 [-0.07 -0.05 -0.13 -0.42 | 0.11| 0.79| 1.00| 0.76| 0.33| 0.13 -0.16
GDP_GER +0.02 -0.01 +0.18| 0.13| 0.03 | 0.30}-0.16 -0.16 -0.04 | 0.82] 0.76 | 1.00| 0.12| 0.08| 0.00
GDP_CHINA | 0.04| 0.00| 0.06 -0.04 | 0.150.10| 0.06| 0.03| 0.00| 0.07| 0.33| 0.12| 1.00 -0.34| 0.00
USDEUR 0.12] 0.10 -0.40 (-0.11 |-0.70 -0.25 |-0.27 -0.51 | 0.05| 0.27| 0.13| 0.08 [-0.34| 1.00 (-0.44
OECDDAYS 0.67+0.39| 0.34| 0.18| 0.58| 0.64| 0.13] 0.14| 0.09 |-0.08 |-0.16| 0.00| 0.00 |-0.44 | 1.00

Source: Own calculations.
2.5. Results

Before creating the model, we tested stationarity of each variable, using ADF
test, and to identify number of lags included, we have chosen Akaike infor-
mation criteria. From the results of the test we saw that almost each variable is
nonstationary. We also tested stationarity of logarithm of WTI prices. The result
of ADF test rejected the null hypothesis of nonstationarity. Because of that, we
have applied a modeling logarithm of WTI prices with 198 observations after
adjustments, and could interpret it as a relative change of oil price. The list of
variables that came out as significant for describing the development of oil prices
are stated in the Table 3.

From the results (Table 3), we can clearly see that all these variables are sig-
nificant on 5% level. The R-squared of this model is 0.89, which means that the
model described the oil prices for 89%. To test whether residuals are white
noise, we use Breusch-Godfrey test. The null hypothesis of this test means that
there is no correlation between residuals. Thus, we accept the null hypothesis on
5% significance level.



786

Table 3

The Results of Structural Model

Variable Coefficient Std. Error t-Statistic Prob.
C 3.680507 0.336197 10.94749 0.0000
CHINA 0.000293 9.62E-06 30.46082 0.0000
GDP_US —0.086903 0.015054 —5.772764 0.0000
GDP_US(-3) 0.034622 0.014790 2.340933 0.0203
DUSCOM(-1) —4.04E-06 2.05E-06 -1.971315 0.0501
D(QUOTAS) 5.57E-05 2.27E-05 2.455246 0.0150
OECDDAYS -0.014453 0.003477 —4.156537 0.0000
USDEUR —0.564405 0.127172 —4.438121 0.0000
DUMMY 0.135698 0.064702 2.097258 0.0373

Source: Own calculations.

The final equation is as follows:

LOG(WTI) = 3.6805 + 0.0003 *CHINA, — 0.0869 *GDP_US, +0.0346*GDP_US,.;—
~4.0938*10°*DUSCOM,., + 5.5681*10*DQUOTAS, — 0.0145*OECDDAYS, —
—0.5644*USDEUR, + 0.1357*DUMMY (®)

The results of the model show that variables describing the supply side of oil
are not so significant for oil price setting as much as the variables describing the
demad side. In spite of that, the OPEC qoatas (DQOATAS) seem to be statistical-
ly significant, but there is a positive correlation with oil price, which does not
comply with the link of our assumption. The interpretation of this result could be
that the change of OPEC quotas has not an impact on oil price, because of the
often low level of OPEC’s compliance (Cheats). On the other hand, US com-
mercial stocks, OECD stocks as well as the OECD strategic reserve as a whole
seem to be significant and have a negative correlation with oil price. The increa-
se of stocks of the key oil consumption countries leads to a decrease of the glo-
bal demand and drop of the oil prices. In case of the GDP growth indicators they
showed to be significant only for China and USA — the two largest countries in
oil consumption. While the GDP growth of China has a positive impact on oil
prices immediately, the GDP growth of USA has a positive impact on oil prices,
but with a three months lag. However, the GDP growth of USA at time ¢ has
a negative impact. This does not correspond with our assumption, since USA is
the world’s largest oil consumer. However, this result would be in line with the
results of other studies that have been done in relation to this issue. The negative
impact of the US Dollar on oil price is marks clear evidence in the results of
model that the increase of value of US Dollar against EUR leads to the oil prices
to decrease, or, the decrease of US Dollar exchange rate causes the oil prices to
raise. Finally, the dummy variable indicates a positive correlation with the oil
prices. The events leading to oil supply interruptions or to damages in the down-
stream sector have an impact on the oil prices.
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On estimated equation (8) we applied Quandt-Andrews breakpoint test, whe-
ther there are structural breaks or not. The idea behind the Quandt-Andrews test
is that single Chow breakpoint test is performed at every observation between
two dates. Chow test fits the equation separately for each subsample and com-
pare them whether there are significant differences in the estimated equations.
A significant difference indicates a structural change in the relationship. The
Chow breakpoint test compares the sum of squared residuals obtained by fitting
a single equation to the entire sample with the sum of squared residuals obtained
when separate equations are fit to each subsample of the data. Results of Quandt-
-Andrews test for equation (8) is stated in Table 4. All three of the summary
statistic measures fail to reject the null hypothesis of no structural breaks within
the 138 possible dates tested. The maximum statistic was in July 1999, and that
is the most likely breakpoint location.

Table 4
The Results of Quandt-Andrews Test with 15% Observation Trimming

Quandt-Andrews unknown breakpoint test

Null Hypothesis: No breakpoints within trimmed data

Varying regressors: CHINA GDP_US GDP_US(-3) DUSCOM
D(QUOTAS) OECDDAYS USDEUR

Equation Sample: 1994M04 2010M09

Test Sample: 1996M10 2008M03

Number of breaks compared: 138

Statistic Value Prob.
Maximum LR F-statistic (1999M07) 10.04878 0.8271
Maximum Wald F-statistic (1999M07) 10.04878 0.8271
Exp LR F-statistic 3.467625 0.6885
Exp Wald F-statistic 3.467625 0.6885
Ave LR F-statistic 5.767598 0.6472
Ave Wald F-statistic 5.767598 0.6472

Note: Probabilities calculated using Hansen's (1997) method.

Source: Own calculations.

By default test tests whether there is a structural change in all of the original
equation parameters. Novotny (2011) observed relationship between Brent crude
oil price and exchange rate development. He noted that the price of oil was quite
stable until 2000’s and it oscillated between 10 USD and 36 USD a barrel. The
intensity of the relationship between the Brent crude oil price and the US Dollar
exchange rate has been elevated since 2002, with the gradually rising price of
Brent oil being accompanied by depreciation of the US Dollar. The year 2002 is
therefore supposed to be the principal turning point. According to his observa-
tion we tested original equation only with usdeur variable for structural break
using Quandt-Andrews test. Result showed that we cannot accept the null hypo-
thesis of no structural break in time period October 1996 to March 2010 (15%
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observation trimming). The maximum statistic was in October 2004, so this is
most likely the structural break point in WTI oil price development depending to
exchange rate USD/EUR.

Conclusion

In this paper we have tried to answer the question, what is the impact of
movement of the US Dollar exchange rate against world currencies on the oil
prices? In fact US Dollar devaluation creates several problems for the world oil
industry. The US Dollar is the currency of invoicing in global crude oil trade
while oil producing countries use other currencies to buy goods and services
from different nations. US Dollar devaluation leads to a decrease in drilling ac-
tivity and then oil supply interruption and an increase of the demand of oil in the
countries using world currencies other than US Dollar. Furthermore, US Dollar
devaluation decreases the purchasing power parity of oil exporting countries,
especially if their currencies are tied to the US Dollar. In other words, the deval-
uation of US Dollar affects the global supply and demand.

Overall, our empirical results find that there is a high negative correlation
between the US Dollar exchange rate against Euro and oil price and statistically
significant — P-value (0.0000) and the coefficient is relatively high (-0.56).
Therefore, our assumption has been confirmed and the results of this study con-
firm also what the previous studies have shown that the impact runs from US
Dollar exchange rate to oil price. In addition to the US Dollar exchange rate,
there are other variables that were examined in our structural model which have
impact on oil prices. The finding being that the demand side factors have a high-
er significance in the model than the supply side factors. However, in spite of
that, the OPEC quotas (DQOATAS) seem to be statistically significant, but there
is a positive correlation with oil price, which is not in line with our assumption.
This result could be interpreted so that the change of OPEC quotas has not
the impact on oil price, because of the often low level of OPEC’s compliance
(Cheats). On the other hand, US commercial stocks, OECD stocks as well as the
OECD strategic reserve as a whole seem to be significant and have a negative
correlation with oil price. The increase of stocks of the key oil consumption
countries leads to a decrease of the global demand and a drop in the oil prices. In
case of GDP growth indicators, they showed to be significant only for China and
USA — the two largest countries in oil consumption. While the GDP growth of
China has a positive impact on oil prices in time ¢, the GDP growth of USA has
a positive impact on oil prices, but with three months lag (z-3). However, the
GDP growth of USA at time ¢ has a negative impact. This does not correspond
with our assumption, since USA is the world’s largest oil consumer.
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However, this result would be in line with the results of other studies that have
been done in relation to this issue. The negative impact of the US Dollar on oil
price is marks clear evidence in the results of model that the increase of value of US
Dollar against Euro leads to the oil prices to decrease, or, the decrease of US Dollar
exchange rate causes the oil prices to raise. Finally, the dummy variable indicates
a positive correlation with the oil prices. The events leading to oil supply interrup-
tions or to damages in the downstream sector have an impact on the oil prices.
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