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ABSTRACT

The oil price shock is considered as a major contributor to economic fluctuation. In this
paper, we investigate whether the impulse responses of different macroeconomic
variables and financial variables to the oil price shock and the effect of interest rates
change. And we also use Granger Causality Test to evaluate the correlation between oil
prices, stock markets and gold prices. Estimation results based on the U.S. data suggest
that: (i) The oil price shock has a significant impact on inflation, stock markets and gold
prices and it also has a short-term impact on interest rates. (ii) Co-movement of oil
prices, stock markets and gold prices exist. (ii1) Changing interest rates as monetary
policy can induce price puzzle in order to reduce the inflation caused by the oil price

shock.
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1. Introduction

Since 1970s, the changes in the price of oil have been considered as an important
indicator of economic fluctuation by many macroeconomists. And they are likely to
affect financial markets and economies simultaneously. For example, crude oil spot
prices, measured using West Texas Intermediate crude oil, still stayed at $20 per barrel
in 2001 and the next 7 years had witnessed a steady increase to $124 per barrel,
followed by a sharp decrease in 2009. Meanwhile, it is obvious that Dow Jones Index
and gold prices experienced the similar movement from 2001 to 2009. Furthermore, the
past study has explained the macroeconomic effects of oil shocks and the influence of
oil price change on stock markets and gold prices. Kettering (2006) concludes that the
increase in gold and oil prices would exert an adverse impact on the stock market
movements. And Darby (1982) and Hamilton (1983) was the first two economists to
assess the impact of oil shock on U.S economy, who finds statistically correlation
between the increase in crude oil price and real GNP growth for the U.S. economy

(1948 - 1972 and 1973 - 1980). Hooker (1999) also argues that oil price effects on
GDP of America changed qualitatively in 1980s. As Blanchard and Gali (2007) points

out, the effect of the increase in oil price has become mild in recent years. The purpose
of this paper is to use vector autoregression (VAR) model to examine two hypotheses
based on the current data: (i) Impact of crude oil price change can affect Real Gross
Domestic Product (GDP), Consumer Price Index (CPI) and interest rates, (i1) Co-
movement of the oil price, stock markets and gold prices exist. (iii) Interest rate change

in U.S. can alleviate the negative influence from the oil price shock.

According to Hamilton (1994), ‘Vector autoregression(VAR) is a statistical model used
to capture the linear interdependencies among multiple time series and VAR models
generalize the univariate autoregression (AR) models.” In this paper, we use VAR
model to examine the impulse responses of other variables with respect to the price
shock of crude oil and the interest rate change. And from impulse responses graph,
correlation between oil price and macroeconomic effects can be illustrated. In addition,

Granger Causality Tests will be used to examine the interaction between oil prices,


http://en.wikipedia.org/wiki/Statistical_model
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stock index and gold prices. Consequently, VAR model and Granger Causality Tests are

two approaches used in this article.

In this paper, the estimation results from VAR model based on U.S. quarterly data
confirm that the oil price shock can lead to a series of changes among variables
including inflation, interest rates, Dow Jones Index and the gold price. The increase in
the oil price is expected to enhance the inflation instantaneously. Meanwhile, the oil
price shock may affect stock market price negatively and contribute to an increase in the
gold price. However, the effect on real GDP in U.S. is not significant. Furthermore, the
VAR model also shows that the interest rate in U.S. is not expected to influence the oil
price inversely on average. And the response of real GDP to enhancement in interest
rates is prolonged negative. Lastly, according to Granger Causality Tests, the existence

of co-movement of oil prices, the stock market prices and gold prices is significant.

The structure of the paper is as follows: section 2 describes the VAR model used in the
paper. Section 2.1 explains the selection of variables; section 2.2 provides the VAR
model background; and section 2.3 justifies the identification strategy. Section 3
investigates the results of impulse responses and Granger Causality Test. In Section 4,

concise summary and possible extension are presented.

2. Model

2.1 Data

The variables used in the model include crude oil prices, the consumer price index (CPI),
Real Gross Domestic Product (GDP), Dow Jones Average Index, interest rates (bank
prime loan rate) and gold prices. Oil prices in the paper use quarterly average spot
market prices on West Texas Intermediate crude oil, which is widely considered as a
benchmark for world oil markets. Gold prices use mean value of quarterly gold Fixing
Price in London Bullion Market based on U.S. Dollars (a benchmark for pricing the
majority of gold products and derivatives throughout the world's markets). Dow Jones

Industrial Average, also called the Industrial Average, is price-weighted average price
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of 30 stocks of publicly-owned companies, and is the second oldest and most-quoted

U.S. market index after the Dow Jones Transportation Average.

We examine quarterly data for the period between 1973Q2 and 2012Q1. The first oil
crisis erupted in October 1973, when the Organization of Arab Petroleum Exporting
Countries (OAPEC) claimed an oil embargo. According to Hudson, on 15 August 1971,
the United States had to terminate convertibility of the dollar to gold (2003). By
February 1973, the price of gold had risen to $42.22 amazingly; by June 1973 the price
of gold was $120 per ounce. Hence, 1973Q2 is selected as the start of the data in our

model.

In addition, the data (oil prices, GDP, CPI, interest rates, Dow Jones Average Index and
gold prices) are available from the Federal Reserve Bank of St. Louis. GDP, CPI and
used in the VAR model are seasonally adjusted. For modeling purposes, all variables,

with the exception of interest rates, are expressed in natural logarithms (log).
2.2 VAR model

In this section, a VAR model is established in order to describe the macroeconomic
effects including the influence on financial market brought by oil price shocks. The

VAR model used in the paper is defined as follows:
2

Y, =Y AY, +u,(1)
i=1

Where Y, is px1 vector of observations on the dependent variables, u, are independent

N(0,H,) random vectors. And the error covariance H, can be written as

AHA =YY, @

Where Z, is a diagonal matrix and At is the lower triangular matrix

Our VAR model is based on quarterly data for VAR model (1) is


http://en.wikipedia.org/wiki/Organization_of_Arab_Petroleum_Exporting_Countries
http://en.wikipedia.org/wiki/Organization_of_Arab_Petroleum_Exporting_Countries
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Y = [1og( oil),log( GDP),log( CPI ),log( r),log( DowJones),log( gold)]

2.2 Identification strategy and lag length
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where subscript oil denotes log(oil), gdp denotes log(gdp), cpi denotes log(cpi), r

denotes log(interest rates), djx denotes log(dow jones index), and gold denotes log(gold).

In the system, oil prices do not react contemporaneously to shocks to other variables;
GDP is not only affected by the oil price shock; inflation dose not respond
contemporaneously to impulse from interest rates, Dow Jones Index and gold prices, but
is affected by oil prices, GDP and inflation; interest rates as impulse can affect oil prices,
GDP, CPI; Dow Jones Index is only not affected simultaneously by gold prices; and

gold prices are influenced by all shocks.

As for the lag length, the number of lags is empirically determined to choose 2, because

quarterly data is used in this VAR model.
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3. Result

3.1 Impulse response

Response to Cholesky One S.D. Innovations + 2 S.E.
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Figurel. US -- Impulse response to oil price shocks from 1973Q2 to 2012Q1
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Response to Cholesky One S.D. Innovations + 2 S.E.

Response of LOIL to R
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Figure2. US-- Impulse response to interest rate changes from 1973Q2 to 2012Q1

Figure 1 illustrates the impulse responses of different macroeconomic variables and

financial variables to an oil price change in U.S. during the period from 1973Q2 to
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2012Q1. The estimated response of macroeconomic variables suggests that a positive
oil price shock was expected to boost the CPI instantaneously in U.S. (CPI could be
0.004% higher in response to an approximately 0.14% increase in the oil price on
average). In contrast, the response of real GDP was not statistically significant. The
graph also illustrates that the impact of the oil price shock on the interest rate was not
significant (the interest rate experienced a short-term rise after the oil price shock and a
long-term fluctuation of the interest rate might ensue). On the monetary side, growth in
interest rates is likely to occur after a shock to the inflation rate, which is consistent with

VAR result.

In Figure 2, we impose an increase in interest rates as monetary policy to investigate the
responses among variables in the VAR model. Firstly, the oil price decreased after a 6-
period slight growth and in short term, the effect of the interest rate change on the oil
price was negligible. Secondly, real GDP in U.S showed a prolonged negative impact in
response to the increase in the interest rate. And the inflation level and oil prices seemed

to rise after the interest rate change, which shows a persistent price puzzle.

3.2 Granger Causality Test

Pairwise Granger Causality Tests
Date: 10/11/12 Time: 01:59
Sample: 1973Q2 2012Q1

Lags: 2

Null Hypothesis: Obs F-Statistic Prob.
LOIL does not Granger Cause LGOLD 154 1.52971  0.2200
LGOLD does not Granger Cause LOIL 1.50333 0.2257
LDJX does not Granger Cause LGOLD 154 0.46890 0.6266
LGOLD does not Granger Cause LDJX 0.52374 0.5934
LDJX does not Granger Cause LOIL 154 1.54981  0.2157
LOIL does not Granger Cause LDJX 0.51533 0.5984

Tablel. Granger-Causality test.

Furthermore, the response of Dow Jones Index was delayed and negative, whilst the
movement of the gold prices was simultaneous with the crude oil price. According to

Table 1, the statistical results from Granger Causality Tests indicate that the oil price,
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the gold price and the stock market index are influenced by each other, which implies

the existence of causality between stock prices, gold prices and oil prices.

3.3 Reason analysis

To analyze the intrinsic relationship in short term between these variables, the critical
role that oil plays in the economy is irreplaceable. Firstly, gasoline and diesel fuel are
used as primary transportation fuels, which are derived from the crude oil. Therefore,
the cost of production and transportation will rise along with the short-term increase in
the oil price, which implies that the oil price shock may induce a worldwide surge in
commodity prices and underlying inflation. In addition, facing the drastic growth in
commodity prices, many people will choose to smooth consumption. The adverse
factors including higher cost and lower profit hamper economic development and have
a negative impact on the stock market. And low return in the stock market and potential
high inflation are likely to encourage people to purchase gold as investment or
speculation, which tends to trigger a sustained increase in the price of gold. Hamilton
(1983, 1996) asserts an essential role for oil price increases as one of the main cause of

recessions in U.S. since the increases in the price of oil haunt prior to the most recession.

If the increase in oil prices seems to be prolonged, many firms may decide to invest in
more energy-efficient capital and move from energy-intensive to energy-efficient firms,
which is likely to induce an increase in unemployment during adjustment. And the
adjustment costs often amplify the influence of oil prices shock and exert long-term
negative effects on the economy. Additionally, facing prolonged increase in oil prices,
people might try to substitute oil with alternative energy and this behavior response to
the oil price shock is able to trigger an indirect inflation. According to Hojjat, one
particularly salient example is that the rising price of petroleum in 2007-08 not only
increased the transportation costs of food, but also spurred the society to utilize biofuel
as the alternative; however, inadequate agricultural production could not cater to the
rising demand of biofuel production and cereals for food consumption, thereby

promoting the increase in the price of crops such as maize (2009).
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However, all impulse response results correspond with the preceded expectation, except
the real GDP. Cologni and Manera (2008) explain that ‘a negative long-run effect of oil
prices on excess output is not rejected by data’. According to Hooker (1996), one
potential explanation (why oil prices change does not Granger cause macroeconomic
variables in U.S.) is that the crude oil prices has been endogenous since 1973. So
Hooker (1996) introduces ‘net oil price increase’ (NOPI) into VAR model to investigate

the correlation between oil prices shock and U.S. economy.

4. Conclusion

In this paper, we have examined the impulse responses of various economic indicators
to oil price shocks. Based on U.S. data, the VAR model suggested that (i) On average,
there was positive relationship among oil prices, inflation, interest rates and gold prices;
the relationship between oil prices and stock prices was negative; the correlation
between oil prices and real GDP was not significant. (i) Granger Causality tests
confirms the existence of co-movement of oil prices, stock prices and gold prices. (ii1)
Persistent price puzzle may occur when changing interest rates to reduce the inflation

caused by the oil price shock.

Possible future research efforts will follow Hooker (1996), introducing ‘net oil price
increase’ (NOPI), to evaluate the impact from oil price shocks on U.S. economy.
Secondly, potential asymmetry impact from oil price shocks need be taken into
consideration. Furthermore, it is possible to introduce time-varying structural VAR

method to investigate the effect of oil price shock in different periods.

10
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