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The objective of this paper is to investigate the co-movement of food prices and the macroeconomic index,
especially the oil price, by principal component analysis to further understand the influence of the
macroeconomic index on food prices. We examined the food prices of seven major products: eggs, meat,
milk, oilseeds, rice, sugar and wheat. The macroeconomic variables studied were crude oil prices,
consumer price indexes, food production indexes and GDP around the world between 1961 and 2005. We
use the Scree test and the proportion of variance method for determining the optimal number of common
factors. The correlation coefficient between the extracted principal component and the macroeconomic
index varies between 0.87 for the world GDP and 0.36 for the consumer price index. We find the food

production index has the greatest influence on the macroeconomic index and that the oil price index has
an influence on the food production index. Consequently, crude oil prices have an indirect effect on food

prices.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In the economic development process, food provision and
security are vital issues. Food prices are an important effective
variable of food supply and demand. Increasing food prices and
incidents of food riots across the globe have increased concerns
about world food supply and security. World food prices of the
main arable crops (cereals, oilseed products), dairy products, sugar,
wheat and most food products have increased in volatility during
recent years.

World prices of crude oil and oil products in general have also
increased in volatility during recent years. This contemporaneous
increase in food and oil prices has reinforced attitudes towards the
effect of oil prices on food prices. Raising the oil price, limited
supplies of fossil fuel and increased concerns about global warming
have created a growing demand for renewable energy sources
(Srinivasan, 2009). The production of these fuels is highly depen-
dent on the availability of agricultural products. However, it is
possible that bio-diesel production could in fact cushion consumers
from the negative effects of increasing world oil prices, but could
result in increasing food prices.

Energy intensive farming is vulnerable to oil price shocks
because prices paid by farmers for oil products or direct energy
mirror the national energy markets. In addition, most agricultural
producers purchase energy indirectly in other inputs, such as
commercial nitrogen fertilizers, fuel and electricity costs for field
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operations, irrigation and drying. Combined with fertilizer costs,
these costs account for a significant proportion of the cost of
production of many crops. Recent price increases are similar to the
large energy price shocks of the mid-1970s and early 1980s, which
stimulated economic research on energy use in the agricultural
sector (Musser et al., 2006).

There are several studies on the relationship between food and
crude oil prices. Gohin and Chantret (2010) investigate the long-
run relationship between world prices of some food and energy
products using a world computable general equilibrium model.
They find a positive relationship due to the cost-push effect. Zhang
et al. (2010), using time series prices on fuels and agricultural
commodities, investigate the long-run co-integration of these
prices. They find no direct long-run price relationships between
fuel and agricultural commodity prices. Chen et al. (2010) inves-
tigate the relationships between the crude oil price and the global
grain prices of corn, soybean and wheat. The empirical results show
that the change in each grain price is significantly influenced by the
changes in crude oil price and other grain prices during the period
extending from the 3rd week in 2005 to the 20th week in 2008,
which implies that grain commodities are competing with the
derived demand for bio-fuels using soybean or corn to produce
ethanol or bio-diesel during the period of higher crude oil prices in
these recent years. Conventional agriculture production systems in
developed countries rely heavily on fossil energy (Cruse et al.,
2010). Xiaodong and Hayes (2009) find evidence of volatility
spillover among crude oil, corn and wheat markets, which could
be largely explained by tightened interdependence between these
markets induced by ethanol production. Abdel and Arshad (2008)
show that there is a log-run causality from petroleum to cereal
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prices and that vegetable oil prices are affected by petroleum
prices. Tokgoz (2009) shows that the impact of energy prices on the
European Union agricultural sector is increasing with the emer-
gence of the bio-fuels sector, illustrating the importance of trade
policy in responding to higher crude oil and grain prices.

The objective of this paper is to investigate the co-movement of
food prices and the macroeconomic index by principal component
analysis (PCA) to further understand the influence of the macro-
economic index on food prices. The food prices we studied are for
eggs, meat, milk, oilseeds, rice, sugar and wheat. The macroeco-
nomic variables include the crude oil price, consumer price index
(CPI) and food production index (FPI).

2. Empirical model
2.1. Principal component analysis

The analysis in this paper is based on the PCA model. The general
purpose of factor analytic techniques is to find a way of condensing
the information contained in a number of original variables into a
smaller set of new composite factors with minimum loss of
information. PCA is the most successful method under the factor
analysis approach (Rao, 1964).

Given a data set with P numeric variables, one can compute P
principal components. Each principal component is a linear
combination of the original variables, with coefficients equal to
the eigenvectors of the correlation or covariance matrixes. Princi-
pal components have a variety of useful properties (Rao, 1964;
Kshirsagar, 1972).

The general form for computing the first principal component
(PC1) is

Ci =b11(X1)+b12(x2)+ - - - +b1p(xp) (€))]

where Cy is PC1, by is the regression coefficient for the Pth variable
that is the eigenvector of the covariance matrix between the
variables and X,, is the value of the Pth variable.

There are various methods for determining the optimum
number of factors, such as the Scree test, proportion of variance,
analysis of residuals and a priori hypotheses. In this paper, we use
the Kaiser-Guttman rule, which has been most commonly used
due to its simplicity and availability in various computer packages
(Kaiser, 1960). The Kaiser-Guttman rule states that the number of
factors to be extracted should equal the number of factors having
an eigenvalue greater than one. The rationale for choosing this
particular value is that a factor must have variance at least as large
as that of a single standardized original variable.

2.2. Granger causality test

According to Engle and Granger (1987), a linear combination of
two or more non-stationary series (with the same order of
integration) may be stationary. If such a stationary linear combina-
tion exists, the series is considered to be co-integrated and a long-
run equilibrium relationship exists. The linear combination can be
written as follows: z,=x;—ao—a;y;, where ag and a; are constant
terms such that z, is stationary. This relation is the long-run
equilibrium relationship and z; measures the deviation with
respect to the equilibrium value.

Incorporating these co-integrated properties, a vector error
correction model (VECM) can be constructed to test for Granger
causation of the series in at least one direction. In this paper, a
VECM is specifically adopted to examine the Granger causality
between the extracted principal component and the
macroeconomic index.

2.3. Data

The world food prices we studied are for eggs, meat, milk,
oilseeds, rice, sugar and wheat. We take the world food price of
seven major products for the period of 1961-2005 from FAO and
macroeconomic variables from World Bank (2010) and Nation
Master Sites. Representative international prices for each of the
commodities or commodity groups appearing in the balance sheet
are weighted by their contribution to total calorific intake.

Food price and other reports are available on the internet as a part
of the FAO worldwide web (www.fao.org). The FAO food price index is
a measure of the monthly change in the international prices of a food
basket composed of cereals, oilseeds, dairy, meat and sugar.

3. Results and discussion

We took world food prices of seven major products (eggs, meat,
milk, oilseeds, rice, sugar and wheat) for the period 1961-2005
from the websites of Food and Agriculture Organization (2010) and
United Nations. Then we used PCA on the product prices and
selected a number of factors, after which correlation among the
common factors, crude oil price, FPI and CPI was examined.

3.1. Principal component analysis

At first, the number of components was obtained by the Kaiser—
Guttman rule. Table 1 presents the eigenvalue proportions of
variance for selecting the optimal number of components. In
PCA, the total eigenvalues of the correlation matrix were equal
to the total number of variables being analyzed because each
variable contributed one unit of variance to the data set. According
to the Kaiser-Guttman rule, only one factor can be retained because
only the first factor has an eigenvalue of greater than one (Table 2).

Table 2 shows the calculated eigenvectors for the seven
agricultural products.

By these eigenvectors, PC1 is obtained by Eq. (1).

3.2. Correlation and causality test

Prior to performing regression analysis, we first examine the
correlation between the variables and then test for causality.

Table 1
Eigenvalues of reduced correlation matrix.

Number of factors Eigenvalue Difference Proportion Cumulative
1 5.983589 5.269293 0.8548 0.8548
2 0.714296 0.614783 0.102 0.9568
3 0.099513 0.020185 0.0142 0.9711
4 0.079328 0.020176 0.0113 0.9824
5 0.059151 0.019877 0.0085 0.9908
6 0.039275 0.014426 0.0056 0.9965
7 0.024849 0.0035 0.0035 1

Table 2

Eigenvectors for food products.
Variable Factor 1
Egg 0.96058
Milk 0.79700
Oilseed 0.96192
Rice 0.95023
Sugar 0.87210
Meat 0.95767
Wheat 0.95903
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Correlation matrix for PC1 and macroeconomic index.

PC1 Crude oil price CPI Food production index GDP
PC1 1 0.437828 0.364818 0.741609 0.8791
Crude oil price 0.437828 1 0.866455 0.730636 0.5122
CPI 0.364818 0.866455 1 0.9725 0.9675
Food production index 0.741609 0.730636 0.9725 1 0.774
GDP 0.8791 0.5122 0.9675 0.774 1

Table 4

Unit root test results of PC1 and macroeconomic index series.

Variables ADF test statistic
Level First difference
t-Statistic Prob.* t-Statistic Prob.*
Food production index 0.843541 0.8881 —4.564.172 0.0000
CPI 3.256.963 1.000 —4.614.500 0.0042
Crude oil price 1.573.902 0.9691 —3.846.808 0.0004
PC1 —1.295.335 0.6199 —3.167.209 0.0025
GDP 1.1142 0.996 —2.732 0.079
* Indicate probability of significance.
Table 5
Granger causality tests.
Source of causation Dependent variable
GDP Crude oil PC1 CPI Food
price production
index
Food production index 2.85 4.306 6.281° 22.12°% -
CPI 8590°  2.540 4963° - 6.440°
PC1 3.738 1.443 - 0316  2.030
Crude oil price 1.135 - 1.912 0.525 8.020°
GDP - 1.59 0.24 0.128 0.982

@ Indicates statistical significance at the 5% level.
b Indicates statistical significance at the 1% level.

The results of estimation of the matrix of correlation between the
principal component and the various indictors (crude oil price, CPI
and FPI) are shown in Table 3.

The highest correlations are between CPI and FPI. Therefore, it is
expected that FPI has a significant effect on CPI. This correlation
coefficient between PC1 and crude oil price is 0.43.

To further investigate these relationships, we employ the
Granger causality test. Table 4 illustrates the Dickey-Fuller test.
Stationarity is essential because the causality test is very sensitive
to the stationarity of the series (Stock and Watson, 1988).

A series is said to be non-stationary if it has a non-constant
mean, variance and autocovariance over time. If a non-stationary
series has to be differenced d times to become stationary, then it is
said to be integrated to the order of d. The test statistic suggests the
presence of a unit root at the level of time series data, while first
differencing the series yields an apparent lack of a unit root in any
of the series. To establish the presence of non-stationarity in each
variable, the causality tests are performed on transformed data, i.e.
the first difference. The results of the causality test are shown in
Table 5, which includes the chi-square for each variable.

Confirmation of causality is found in the expectation of FPI and
CPI influencing PC1, which implies that PC1 is caused by FPI and
CPI. Table 5 shows that the crude oil price does not have any direct
impact on PC1, but affects FPI. Consequently, the crude oil price has

an indirect effect on PC1. In addition, the result indicates that crude
oil price has an indirect effect on the world GDP via its impacts on
food production index. The food production index is the source of
causation for CPI and GDP is affected by CPL

Furthermore, the results of path analysis confirm a direct effect
between oil price and food production index and an indirect effect
among oil price, food price index and world GDP.

4. Conclusions

Determining the relationship between oil and food prices with
regard to recent fluctuations in world oil prices is of considerable
interest to policymakers and economists. An attempt has been
made to determine the impact of crude oil price influences on world
food price fluctuations using PCA. The correlation coefficients
between the extracted principal component and the macroeco-
nomic index varies between 0.87 for the world GDP and 0.36 for the
CPI. The results of the Granger causality test demonstrate that FPI
has the greatest direct influence on the macroeconomic index, and
that the crude oil price index has a unidirectional influence on FPI.
Consequently, the crude oil price has a positive indirect effect on
PC1. Oil prices have risen because of political instability in major
oil-exporting regions and rapid demand due to the growth in China,
India and other developing countries (Movil, 2004; Hamilton,
2009). Higher oil prices are an incentive to use food crops for
producing biofuel energy but increase food production expenditure
and consequently increase food prices around the world
(Von Braun and Pachauri, 2006). Our results are similar to those
of Zhang et al.(2010), who indicate no direct long-run price relation
between oil and agricultural commodity prices. The positive
relationship between food and oil prices is also confirmed by
Gohin and Chantret (2010) and Chen et al. (2010). These results
suggest that the influence of crude oil prices on food prices should
be further investigated. The implication of this study for policy
management is the monitoring of oil price and its influence on
agricultural product prices and food security.

References

Abdel, H.A., Arshad, F.M., 2008. The impact of petroleum prices on vegetable oils
prices: evidence from cointegration tests. Paper presented at the International
Borneo Business Conference on Global Changes, Malaysia, December 2008.

Chen, S.T., Kuo, H.L,, Chen, C.C., 2010. Modeling the relationship between the oil price
and global food prices. Applied Energy 87, 2517-2525.

Cruse, M.J., Liebman, M., Raman, D.R., Wiedenhoeft, M.H., 2010. Fossil energy use in
conventional and low-external-input cropping systems. Agronomy Journal 102,
934-941.

Engle, R.F., Granger, CWJ., 1987. Co-integration and error correction: representa-
tion, estimation and testing. Econometrica 55, 251-276.

Food and Agriculture Organization, 2010. < http://www.fao.org/giews) (accessed
March 2010).

Gohin, A, Chantret, F., 2010. The long-run impact of energy prices on world agricultural
markets: the role of macro-economic linkages. Energy Policy 38, 333-339.

Hamilton, J.D., 2009. Understanding crude oil prices. Energy Journal 30, 179-206.

Kaiser, H.F., 1960. The application of electronic computers to factor analysis.
Educational and Psychological Measurement 20, 141-151.

Kshirsagar, A.M., 1972. Multivariate Analysis. Marcel Dekker, Inc., New York.

Movil, E., 2004. A report in energy trends, greenhouse gas emissions and alternative
energy. {http://www.esd.Ibl.gov . (accessed 5th July 2008).


http://www.fao.org/giews
http://www.esd.lbl.gov

A. Esmaeili, Z. Shokoohi / Energy Policy 39 (2011) 1022-1025 1025

Musser, W., Lambert, D., Daberkow, S., 2006. Factor influencing direct and indirect
energy use in us corn production. Selected Paper prepared for presentation at
the American Agricultural Economics Association Annual Meeting.

Rao, C.R, 1964. The use and interpretation of principal component analysis in
applied research. Sankhya A 26, 329-358.

Srinivasan, S., 2009. The food v. fuel debate: a nuanced view of incentive structures.
Renewable Energy 34, 950-954.

Stock, J.H., Watson, M.W., 1988. Testing for common trends. Journal of the American
Statistical Association 83, 1097-1107.

Tokgoz, S., 2009. The impact of energy markets on the EU agricultural sector.
Working Paper 09-WP 485, lowa State University.

Von Braun, J., Pachauri, R.K., 2006. The Promises and Challenges of Biofuels for the
Poor in Developing Countries. IFPRI, Washington, DC.

World Bank, 2010. http://www.worldbank.org (accessed March 2010).

Xiaodong, D., Hayes, D., 2009. The impact of ethanol production on us and regional
gasoline markets. Energy Policy 37, 3227-3234.

Zhang, Z., Lohr, L., Escalante, C., Wetzstein, M., 2010. Food versus fuel: what do prices
tell us? Energy Policy 38, 445-451.


http://www.worldbank.org

	Assessing the effect of oil price on world food prices: Application of principal component analysis
	Introduction
	Empirical model
	Principal component analysis
	Granger causality test
	Data

	Results and discussion
	Principal component analysis
	Correlation and causality test

	Conclusions
	References




