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The primary purpose of this study is to examine the relationship between monthly energy and agriculture price
indices. The research uses the Vector Error Correction Model (VECM) methods, taking into account the cointegrat-
ing relationship among the series of monthly observations from October 1973 to October 2018. Contrary to the

findings of earlier studies, the empirical result of this research indicates that the oil price index responds to the
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equilibrium between agriculture and oil, and that is, the agricultural price index affects the energy price index and
not the other way around. This study attempted to quantify the causal relationship between energy and agricul-
tural price using the structural economic framework that recognized the fundamental problem in the relationship

between energy and agriculture. Furthermore, this study presented a window of opportunity to closely examine
the curious relationship between energy and agriculture prices.

INTRODUCTION

In October 1973, the first oil price shock jolted the energy
market, exposing the vulnerability of industrialized coun-
tries' energy market which heavily dependent on oil. Amer-
ican policymakers realized that event outside their borders
could significantly shape the energy security (Horwich &
Weimer, 1984). To reduce dependency on oil, an inter-
agency analysis under the Carter Administration recom-
mended that renewable energy can supply 20 percent of
the US energy requirement by the year 2000 (Sovacool,
2009). However, in 2013 renewable energy accounted for
only 12 percent of the overall energy supply (Dhillon & von
Wuehlisch, 2013). The continued increase in the price of
oil during the W. Bush administration led to a considerable
development of renewable energy production. However, oil
still dominates 82 percent of the total energy consumption
(Hale & Nechio, 2012; Yoshino & Alekhina, 2016).
Moreover, the oil price increase affects the rise of agricul-
ture commodity prices. The world-oil price shock on agri-
culture has an economy-wide repercussion traceable to the
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direct and indirect cost link between energy and the agri-
culture sector (Hanson, Robinson, & Schluter, 1991). Con-
sequently, arise in oil prices brings higher agricultural com-
modity prices (Nazlioglu & Soytas, 2012). The increasing
reliance on industrial economies on biofuels strengthened
the relationship between oil and agricultural prices. Rela-
tively the rising oil prices and favorable renewable energy
policies expanded biofuel production created a declining
food stock. Thus, the already tight market environment cre-
ated the condition for the rapid food price increase in 2007
and 2008 (Trostle, 2010). The United States since 1906 has
already pursued an energy policy favorable to the produc-
tion and utilization of renewable energy (Kovarik & Singh,
2013). Specifically, the US government policy made ethanol,
a derivate from corn, the singular gasoline additive avail-
able to US refineries starting May 2006 (Elobeid & Tokgoz,
2006). The increasing demand for the production and use
of ethanol accounted for 21 percent and 22 percentincrease
in price for rice and wheat (Cheamuangphan, Singhavara,
& Phaoumnuaywit, 2018; Rosegrant, 2008). Other indus-

© The Author(s). Published by TAF Publishing. This is an Open Access article distributed under a Creative Commons Attribution-NonCommercial-

NoDerivatives 4.0 International License



http://crossmark.crossref.org/dialog/?doi=10.20474/Jabs-5.3.4&domain=pdf
vicente_montano@umindanao.edu.ph 
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

2019

trialized countries in European Union adopted a policy of
increasing their biofuel target from 5.75 percent to 10 per-
cent, which they supplemented with ethanol imports from
the US and Latin America (Sorda, Banse, & Kemfert, 2010).
This study intended to generally examine the evidence that
linked energy prices to agriculture prices, although sev-
eral studies previously raised the issue. Also, this study
aims to contribute to the growing literature that used time-
series data to investigate the relationship between energy
prices and agriculture commodity prices. A most recent in-
vestigation concluded that an increase in oil prices conse-
quently increase prices of agriculture commodities. These
studies relied much on cost-push inflation to explain such
phenomena (Gohin & Chantret, 2010; Esmaeili & Shokoohi,
2011; Nazlioglu & Soytas, 2012). However, several studies
challenge the causality of oil prices to food prices instead
suggested causality in the other direction (Avalos, 2014;
Baumeister & Kilian, 2014).

Agriculture products are grouped into five commodities
food, beverage, vegetable oils, and meals, other grains, agri-
cultural raw materials, other raw materials (Bond, 1987).
The food group is composed of the major cereals (rice,
wheat, maize, barley, millet, and sorghum) (Bevan & Mur-
phy, 1999). The beverage is coffee, cocoa, and tea (Labys &
Perrin, 1976), while the vegetable oil and meals contained
soybeans oil and meals, palm oil, coconut oil, and ground
oil (Gunstone, 2011). The composition of the other foods
is sugar, bananas, beef, chicken, and oranges (Pfaffenzeller,
Newbold, & Rayner, 2007). Also, agricultural raw materials
are timber, log, and sawn woods, while other raw materials
are cotton, natural rubber, and tobacco (World Bank, 2016).
Meanwhile, coal, crude oil, and natural gas composed the
energy commodity (Arezki, Loungani, van der Ploeg, & Ven-
ables, 2014; Khakimyanov & Khusainov, 2016).

Objectives of the Study

This study attempted to quantify the causal relationship
between energy and agricultural price using the struc-
tural economic framework that recognized the fundamen-
tal problem in the relationship between energy and agri-
culture. The objective of this study is to contribute to the
growing investigation that the price of agriculture affected
the price of energy and not the other way around.

LITERATURE REVIEW

The Literature Review of this study started in October 1973,
the beginning of oil price volatility, which corresponded
to the appearance of a new regime in the global market
(Baumeister & Kilian, 2016). Since 1973, the prices of oil
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increased fourfold in a matter of a single year, driving oil-
importing countries to impose economic control that re-
sulted in crisis (Alier, 2009).

The 1970s

Since 1973 prices of cereals showed similar routes in terms
of sudden price increase, including the shape of increase
and decrease. They are primarily traced to a poor harvest,
decreasing stocks and unfavorable world trade (Joerin & Jo-
erin, 2013). During 1973, in the US, agricultural exports,
consumption decreased significantly than the production
share (Popkin, 1974).

The unknown causes for the erratic price movement in
1973 were attributed to speculation or inflation-hedging
demand for commodities. The problem arose in June 1973
when the US imposed a price ceiling on commodities. The
US decision to embargo exports of soybeans encountered
massive adverse reactions on the price of agricultural prod-
ucts worldwide, drawing supplies of agrarian products
from the American market (Cooper, Lawrence, Bosworth, &
Houthakker, 1975). Specifically, in Bangladesh, it was the
price bubbles in rice due to excessive speculation and not
oil, which resulted in the 1974 famine (Quddus, Becker, et
al,, 2000). Likewise, the agricultural price increase in 1973
was attributable not to the increase in oil price but the rise
in land prices, causing a multi-dimensional effect of infla-
tion on capital deterioration. Consequently, farmland price
swings affect returns to farming further creating credit mar-
ket constraints (Just & Miranowski, 1993).

In 1977, the increased farm expense raised prices of coffee,
seafood, and corn, soybeans, and wheat and non-farm items
(New York Times, 1977). Also, the price of both agricultural
and forestry land increased to almost 37 percentin less than
a year. Such an increase was attributed to the demand for
better quality land (Barrett & Trace, 1999).

In a span of five years, 1972 to 1977, land prices in the
US increased 5.6 percent per year compared to the average
annual general price increase of 7.1 percent. In 1973 and
1974, the high commodity prices provided farmers enough
cash and incentives to buy additional land. Due to the inter-
nal and external elements, changes in world politics, mon-
etary situation, and climate repeatedly undermine income
causes the price of land to increase beyond the inflation rate
(Gardner, Nuckton, et al., 1979).

The changes in industrial production among developed
countries significantly influence the price of agricultural
raw materials. The primary energy issue confronting US
agriculture during this period was price-related more than
supply related. The impacts of energy price increase were
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on inflation and economic growth rates rather than on
energy-based farm inputs (Carter & Youde, 1974). An em-
pirical investigation suggested that food prices would in-
crease not more than 1 percent even if petroleum prices
rose by 50 percent. Indeed, energy price increase did
not directly result in agriculture production cost increase
(Whittlesey & Lee, 1975). Moreover, the reduced protein-
rich animal feed in 1974 created pressure for the increased
substitution of soybean meal for animal feeds (Butz, 1974)
in response to the growing world’s market demand of red
meat (Box, 1974). Comparable to other major industries,
agriculture has a 24 percent minimal share of energy con-
sumption. To a large extent, modern agricultural technol-
ogy demands energy-intensive inputs such as pesticide, ma-
chinery, and fertilizers (Stout, Stout, Myers, Hurand, & Fai-
dley, 1979). The annual incremental growth in agricul-
ture production is attributed to the increased use of energy-
intensive inputs such as 8 percent increase in fertilizer use,
10 to 30 percent demand higher than the supply of pesti-
cide, and 5.9 percent increase in mechanization (Food and
Agriculture Organization, 1973). However, the rising en-
ergy prices in the 1970s, limited energy supplies, and in-
creasing awareness paved growing interest to adopt new
and old technologies that save and adjust energy use in agri-
culture production practices (Miranowski, 1979).

For the first time in almost 30 years, world energy consump-
tion decreased in 1974. Total energy consumption declined
by 3 percent, and oil consumption decreased by 3.2 per-
cent. At the same time, farmers in many countries started
to adopt less intensive but less productive techniques. Dur-
ing the first half of 1975, the high commodity prices in 1974
induced farmers to reduce inputs and change cropping pat-
terns. Among developing countries, the high population
growth rate exerted pressure to increase agriculture pro-
duction.

The effect of energy price increases on the production of
three major crops by small growers on the Island of Hawaii
proved that higher energy costs have not significantly af-
fected the net revenues of small growers. Net revenues ap-
pear to be relatively inelastic to the changes in energy costs,
indicating that an increase in energy price did not uniformly
affect small growers. An essential part in defining the effect
of energy price on the agrarian output was traceable from
the mix of labor and cost, which demonstrated that farms
confront several constraints that limited factor substitution
(Gopalakrishnan, Koffi-Tessio, & Khaleghi, 1985).
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The 1980s

Major grain-producing countries wanted to increase their
market share and started providing farmers repayment
terms, financing and subsidies which eventually become
the agriculture sector standard (Bergsten & Cline, 1982).
During the same period, the world price increase of fertil-
izer was not directly attributable to the oil price increase
(Lockeretz, 1983). At the start of the 1980s, U.S. farmers
and policymakers expected that agriculture export would
continue to grow. Thus, there was an increase in the de-
mand for machinery and land to improve production and
increase profit. The agriculture policy was still directed for
full production, anticipating a strong export market to ab-
sorb the grain surplus (Drabenstott, 1983). Despite the full
production policy, food prices increased in 1980 attributed
to the low global food prospect (Brown, 1982). Later, gov-
ernment assistance to farmers of several developed coun-
tries ceased which resulted in low agricultural productions
(Wik, Pingali, & Brocai, 2008).

Developing countries' significant growth in income and
population increase the demand for US agriculture exports
(Longmire & Morey, 1983). With the dollar devaluation,
centrally planned economies find it cheaper to import US
grains than to produce, gradually shifted from a net food
exporter to net importer (Johnson, 1981). Similarly, oil-
producing countries concentrate on petroleum production
at the expense of agriculture, while other developing coun-
tries demand grains for livestock feeding (Johnson, 1981).
These changes in the world's agricultural scenario gener-
ated radical changes in US agrarian policies.

In the early 1980s the Federal Reserve Board increase the
interest rate to reduce the rate of inflation as a consequence
the cost of farming increased, farmers often cannot find a
loan even to finance their operations (Harl, 1985). Many
farmers debt increases forced the government to reduce
farm support (Latruffe & Le Mouél, 2009). Consequently,
marginal farmers sold their land, and the average size of
farms increased. Also, loaned money financed the increase
in the farm output, increasing the total farm debt to $216
billion in 1983 (Harl, 1985).

In the 1980s, FAO reported that food production slightly in-
creased due to the rate of growth in fertilizer use was still
below the utilization rate in the 1970s. Since the use of
fertilizer contributed to a 50 percent increase in produc-
tion, the decline in fertilizer use in the 1980s (Food and
Agriculture Organization, 1983a), caused world grain stock
to fall in 1981, below the minimum level of safety set for
the world food security. In particular, the Philippines' de-
cline in fertilizer importation the opportunity loss in grain
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yields was ten times the cost of fertilizer importation (David
& Balisacan, 1982). Moreover, recorded in the 1980s was
China’s highest sustained fertilizer use together with other
centrally planned economies in Asia. Nonetheless, domes-
tic food price inflation continues to accelerate significantly
affecting these low food-deficit income countries by more
than 10 percent (Fan, 2019).

Investment in small-scale irrigation works improves price
incentives. As a result, an observed 20 percent increase in
fertilizer used in short-season or dry seasons of rice crops
(Fleischer & Stibe, 1989). Aside from increasing use of
fertilizers and pesticide, development projects focused on
crop rehabilitation, irrigation construction facilities, and
technical-capacity assistance. Also, fertilizer consumption
per hectare increased support plans to improve fertilizer
use in small farm holdings (Binswanger, 1989).

Generally, because of rising energy prices, farmers bought
fewer fertilizers and machinery but more labor, revers-
ing previous trends of reducing labor inputs. The changes
decreased farm outputs (D. Christensen & Heady, 1984).
These economic forces significantly shaped the energy used
in agriculture. The latest agricultural technology improved
productivity as energy directly substituted inputs. The sit-
uation created an environment that brought research to-
wards increasing the productivity and substitutability of
energy in agriculture (Heady, 1984). Technology discov-
ered during the period such as capital, machinery, and fer-
tilizer reduces cost in labor and energy (Adelaja & Hoque,
1986). Since the technology used in agricultural production
among the biggest cereal exporters in the world was almost
entirely mechanized, they easily accommodate energy price
increase without a significant increase in food prices (Watt,
1984).

The early 1980s marked the end of low energy price period
which has a significant effect on agriculture. The energy cri-
sis exposed the limitations and weaknesses of agriculture
policies. For the first time, during the early 1980s, fertilizer
production was less than consumption due to the impact of
the acreage-reduction program in the US. Due to weak de-
mand, prices of fertilizer continued to decrease (Talbot &
Moyer, 1987). However, in the middle of 1983 demand for
fertilizer picked up as the market stabilized and strength-
ened the price increase of cereals. As a result in late 1983,
farmers increased the areas planted precursory to the in-
creased fertilizer use until the middle of 1984. Notably in
Asia during the late-1983 weather conditions were favor-
able to grow crops increased the use of fertilizer until the
end of 1984 (Abedin, 1985).

In developed countries, mechanization in agriculture sig-
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nificantly remodeled farming. Through the introduction of
new technologies such as the harvester, grain combines,
and tractors increased farm size and crop yields (Schmitz &
Moss, 2015). However, for most countries in Africa, small
and fragmented fields become an obstacle to mechaniza-
tion; in contrast, it was a different scenario in Asia and Latin
America. Farmers persist in adopting mechanized farming.
Most developing economies in the 1980s experienced a cri-
sis when the Agreement on Agriculture under World Trade
Organization (WTO) initiated reforms through the exter-
nal liberalization of agriculture. The increased trade flows
did not bring closer price uniformity between developing
economies and advanced economies (Bello, 2008). The pol-
icy shifts from emerging and developed economies were
asymmetric demonstrating that their agriculture was com-
plementary rather than competitive. For instance, Thailand
Bath depreciated 30 percent against the US dollar to main-
tain the competitiveness of Thai exports in consonance to
trade reforms, which encouraged the greater use of fertiliz-
ers and pesticides (Thapinta & Hudak, 2000).

Aggravating the position of developing economies were the
protectionist measures which constrained the expansion of
their export to service debts (Felix, 1985). Further, the deep
recession weakened the agricultural commodity prices in
the international market, contract competition in agrar-
ian trade, and reduced the development assistance to rural
development of developing economies (Chaudhuri, 1986).
The increase in agricultural prices in late 1982 through
1983 was the effect of the terms-of-trade. In the first half
of 1983, barter terms of trade between agrarian products
and crude oil increased by 12 percent and as much as 30
percent in developing market economies (Food and Agri-
culture Organization, 1983a). Moreover, decreasing export
earnings and rising balance of payment deficit reduced the
capacity of the non-oil exporting countries to sustain food
imports (Krugman, 1983).

The existing economic condition dampened developing
countries' exports in a period when the trade deficit was
unusually large (Edwards, 1989). Significantly, the slow
growth in agricultural product demand was an emerging
trend. The trend did not provide developing countries in-
centives to increase production for export and consump-
tion (Hazell, Jaramillo, & Williamson, 1990). The discourag-
ing economic environment and international price increase
along with decreased available food aid increased the ad-
ditional burden on developing countries (Clay & Benson,
1990).

The slow increase in exports and domestic demand re-
sulted in a poor prospect for agriculture-based growth in
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1988. The poor prospective growth raised protectionism
and increase inflation, which forced the government to in-
crease interest rates resulting in slow economic growth
(Binswanger, 1989). Production of petroleum decreased,
and external debt increased to record levels (Sharma &
Singer, 1989). Low oil price posed a threat to developing
countries' agriculture growth which increases demand for
cotton, jute and natural rubber with the sustained oversup-
ply of agricultural commodities reduced exports (Food and
Agriculture Organization, 1983b).

For other Asian nations, changing oil and non-oil commod-
ity prices were the main determinants of merchandise trade
performance. Generally, weak oil prices hurt exporters but
helped importers (Soesastro, 1989). Price increases for
such agricultural raw materials as jute, timber, and rub-
ber helped several exporter countries, especially during
1987-88. Prices of most minerals and metals also rose,
though less rapidly. Prices of food commodities, mainly
rice, were low until late 1987, and tropical beverage prices
were also generally weak (Food and Agriculture Organiza-
tion, 1983b). There was a steady decrease in the output of
cereal production (Akanni & Okeowo, 2011).

The threat of higher consumer prices for developing
economies appeared more substantial, which resulted in
too much faith in the effectiveness of agricultural prices to
produce output responsive to the market, reduce reliance
on government budget to finance agricultural inputs and
service. The developing country’s foreign exchange short-
ages reduced their ability to import new inputs, which are
energy-intensive. Such limited capacity-cut total produc-
tion (Alderman & Von Braun, 1986).

In 1983, the world economy slowly recovered from a deep
recession, which significantly affected agriculture. But the
condition of developing economies remains uncertain since
the international interest rate remained high, worsening
debt burden situation (Massad, 1986). Due to the decreas-
ing farm income, several farmers’ organizations exerted
pressures for government assistance. Consequently, a sig-
nificant increase in agricultural prices in 1981 caused the
US to introduce the program that reduced cereal stocks
(Cathie, 1985), increase prices, and lower production cost
(Bullock, 1984). The decrease in oil prices and the corre-
sponding increase in interest rates worsened the debt situ-
ation of developing countries, further deteriorating growth
projections (Singer, 1989). A significant international price
increase made a downturn in the food security market situ-
ation in 1987 and 88. The global surplus situation in some
essential agricultural commodity markets turned to relative
scarcity (Kloos, 1991).
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During the same period, there was a sharp increase in food
emergencies incidence where 31 states confront food short-
ages caused by natural and human-made calamities (Talbot
& Moyer, 1987). Notably, in Africa, drought increased the
number of refugees in an alarming proportion. The contin-
uing inflation in food prices, freight handling costs, and a
meager 2 percent increase in volumes of food commodities
over 1970-1980 was the primary cause in the deterioration
of food aid (Shipton, 1990).

Recurring droughts and floods, including political instabil-
ity, severely reduced food and agricultural production in
several countries and added to the increasing regional food
shortages. Low agrarian prices and profitability channeled
resources away from agriculture resulting in increasing in-
equality between agricultural and non-agricultural incomes
and forced production increases (Wilhite & Glantz, 1985).
Notably, food commodity prices increase 17.7 percent,
whereas the aggregate price index of selected 33 com-
modities excluding oil increase to almost 13 percent. The
extended drought in North America and product policy
change are the reasons for the declining world agricultural
commodities supply (Food and Agriculture Organization,
1983Db).

The 1990s

Notably, in 1995, global agricultural production declined,
the US crops and livestock production decreased by 8 per-
cent, attributed to adverse weather, while output in Euro-
pean Union continued the decreasing trend in production
for few years. Similarly, the Russian Federation, Ukraine,
and Kazakstan continued to experience a decline in agri-
cultural production attributed to drought (Meshcherskaya
& Blazhevich, 1997). During the same period, the Agricul-
tural sector in Latin America generally performed poorly.
In Mexico, Cuba, Central America, agricultural production
stagnated and even declined. Also, drought slowed output
to 1.7 percent in Near East and North Africa (Halila, Haddad,
Sakr, & Ktismenoglu, 2000). Likewise, in Jordan production
decreased by 5 percent and abysmal production in Libya,
Saudi Arabia and Tunisia (Food and Agriculture Organiza-
tion, 1995). In the Far East and Pacific agricultural produc-
tion growth significantly slowed to 1.8 percent lower than
the population growth due to catastrophic floods (D'Ercole
& Pigeon, 1998).

Major factors in the overall increase in energy and agricul-
ture were the overall index, which contributed to nearly 40
percent in the consumer price increase. The unusually cold
winter in the US and Europe combined with a low stock of
oil led to the increase of price compared to the 1990 Gulf
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War which caused energy prices an 8.6 percent increase.
The US Energy Department attributed the price increase to
the February, March, and April late cold weather (Wilson,
1997).

The dismal performance of the agricultural sector resulted
in acute food shortages among 26 countries, which required
emergency food assistance. Also, during the same year,
global cereal stock decreased for the last three years. Thus,
these conditions resulted in a grain price increase to record
levels in 1995 attributed to production shortfall, low stock
level and strong export demand (Food and Agriculture Or-
ganization, 1995).

The result of the cereal and corn shortfall, decreasing low
stock (Khush, 1999), and an increasing demand cause grain
prices to increase (C. Christensen, 2000). Comparatively,
in the last five months of 1996, the market observed rice
prices (Hart & Babcock, 2000) as a result of decreasing de-
mand from Bangladesh, China, and Indonesia.

During the 90s, researchers were starting to focus on
the production of biomass as another source of energy
(Hanegraaf, Biewinga, et al.,, 1998). The most promising en-
ergy from biomass during the period was the by-products
from the production of feed, fiber, and food as a source of
low-quality biomass (Lunnan, 1997). Although the future
position of biofuel in the 90s was uncertain, prospective
analysis on future development proposed the developing
countries as a supplier of biofuel for the European Union
market (Cadenas & Cabezudo, 1998). Part of the uncer-
tainty in the US to adopt biofuel as an energy alternative
in compliance to Kyoto protocol was the estimated energy
cost increase which increases the production variable cost
by 3 to 13 percent and decreased net return by 6 to 18 per-
cent (Antle, Capalbo, Johnson, & Miljkovic, 1999). Eventu-
ally, policymakers believed that as the energy price shock
wore off, recovery would arrive, but the successive event
proved that what was believed to be temporary energy-
price distortion was permanent (Griliches, 1998).

During the 1990s, non-OPEC members’ countries were far
more efficientin producing more oil than members of OPEC.
The non-members can bargain more effectively which
makes the price of their oil more attractive (Ramcharran,
2002). In particular, Kuwait an OPEC member was produc-
ing oil more than its quota limit which led to the First Gulf
War in 1990. OPEC frustratingly continued to set oil pro-
duction quota to its members to keep price and production
profitable, but to no avail (Karsh & Rautsi, 1991).

In 1990 the Saddam Hussein’s forces occupied Kuwait for
seven months on the unproven ground that Kuwait was
stealing oil reserves of Iraq, which led the US and its west-
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ern allies to protect their oil interest in the region. During
the First Gulf War, a drastic reduction in oil production af-
fected the oil price. In only three months, production de-
creased from 24 million barrels per day to 20 million, which
increased the price from $17 per barrel to $46, a 270 per-
cent increase in three months (Leech, 2006).

Decline in use of fertilizers from 148.29 million tons in
1990 to 147.62 million tons in 1999, 132 million tons in
1993 were the lowest consumption in the decade (Roser &
Ritchie, 2018). The continuous state of disequilibrium in
the agriculture sector caused a decline in the use of fertil-
izer (Heisey & Mwangi, 1997).

Generally, the energy-based inputs in agriculture, between
1990-1994 significantly decreased. For instance, deliver-
ies of fertilizer decreased to 90 percent; farm machinery
decreased by 80 percent; petroleum decreased 65 percent,
and the production of machinery and pesticide decreased
by over 80 percent. The decline posed serious effect in try-
ing to promote agriculture recovery and growth during the
1990s (Sidhu & Mudahar, 1999).

The 2000s

Before the 2000 energy crisis occurred in Northwest Amer-
ica, very few new power plants were built, though electric-
ity demand continued to grow. Policymakers were aware of
an impending energy crisis, but no hydro-power company
wanted to invest in a power plant with no long term guar-
anteed contracts (Taylor & VanDoren, 2002). The energy
crisis was the result of the reduced hydro-power genera-
tion. In particular, California suffered an energy crisis in
2000 (Duane, 2002). The state used 80 percent of their wa-
ter resources for agriculture purposes (Pollak, 2010). The
California agriculture sector played an importantrole in the
economy of the state, which includes contributions to trans-
portation, food processing and exportation (McCouch et al,,
2013). The vegetables, fruits, and nuts production con-
tinue to increase (Khan, Martin, & Hardiman, 2003). Dur-
ing the same period, the demand for energy in agriculture
increased (Lofman, Petersen, & Bower, 2002).

Several multiple interacting factors that led to agricultural
production decreased from 2003 to 2007 led eventually to a
food crisisin 2008 (Asche, Khatun, et al., 2006; Karunagoda,
2004). The prolonged drought in Australia between 2005
and 2007 drastically reduced wheat production and trade
(Anwar, O’Leary, McNeil, Hossain, & Nelson, 2007).

Aside from the increasing income, several weather-related
shocks drastically affected supply, which further explained
the commodity price increase during the year (Conceicao
& Mendoza, 2009). Indeed these shocks become more fre-
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quent in the succeeding years.

Industrialized countries formulated policies that promote
the extensive use of biofuel in the industry which caused
the increasing demand for corn and vegetable oil (Coalition
et al,, 2006), but at the same time created trade barriers
such as tariff, subsidies and legislative use (Coelho, 2005).
The depreciation of the US dollar changed some major trade
policies of small countries, eventually affecting agricultural
commodities (Shane & Liefert, 2007).

Several factors caused the spike in agricultural commodity
prices, such as the increasing demand for biofuels. How-
ever, there was difficulty in determining the exact contri-
bution of biofuel to the widening demand for an agriculture
price increase. Nonetheless, biofuel demand exerted pres-
sure on agricultural prices (Nonhebel & Kastner, 2011).
The demand and supply of biofuel in succeeding years con-
tinued to increase. The increasing demand for biofuels was
not the single factor that contributed to the price increase.
Instead, it is the fast demand growth of biofuel that affected
the food security, food prices and income (Nonhebel, 2012).
Due to the emerging condition in agriculture as the result
of expanding demand for biofuel and the subsequent result
for a price increase of agricultural commodities, there was a
growing return of agricultural investment, which attracted
development assistance in the agricultural sector similar
to the 1970s (Koizumi, 2013). As a consequence, was the
growth of croplands in Europe, America, Asia and sub-
Sahara Africa. But in the short-run, this condition did not
immediately translate to increased output (Aha & Ayitey,
2017).

Partly, the low level of agricultural stocks was the result of
government trade policies that did not help trade. Export
bans and agriculture produce buying of the government en-
couraged producers to limit supplies resulted in traders in-
creasing demand, and consumers resort to panic buying
(Headey, 2011).

Certainly, the very low global grain stock in 2008, which
was repeated in 2011 caused prices of agricultural com-
modities to significantly increase (De Gorter, Drabik, & Just,
2015).
lysts recognized agricultural commodities were becoming
a haven for investors (Jensen & Mercer, 2011). While most

Due to the repetitive supply shocks, some ana-

countries suffered from low global grain stock, some large
countries were able to protect themselves from the world
market (Christiaensen, 2009). Remarkably, the actions of
these countries increased world market price volatility ag-
gravating the situation of some small countries more badly
than otherwise possible iflarge countries did not raise trade
barriers (Dethier & Effenberger, 2011).
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During the same period, several large emerging economies,
Brazil, Russia, India, China, and South Africa (BRICS), expe-
rienced long-term resource-intensive economic growth ex-
erted pressure on prices of fertilizers and petroleum (Sebri
& Ben-Salha, 2014). Millions enjoyed an increase in pur-
chasing power which increased demand for meat, as living
standards increased and diets diversified (Belardo, 2018).
The scenario led to increasing production costs in agricul-
ture and transport cost as a consequence of stronger de-
mand for fertilizer and petroleum (Nastase, 2012). The in-
creasing income and purchasing power in some develop-
ing countries played a major role in strong demand growth,
which raised prices of agricultural commodities. The sce-
nario and the macroeconomic environment become the
cause of uncertainty in the agricultural market (Haq &
Meilke, 2009).

Similarly, low investment in cereal production over the past
20 years slowed growth in wheat and rice production. How-
ever, market demand for cereals increased due to portfolio
diversification, and the speculation on commodity futures
(Jokiniemi et al., 2012).

The 2010s

In July 2011, prices of agriculture commodities remained
higher compared to the same period in 2010 and notably a
food price index increase of 33 percent almost equal to the
2008 level. The price of grains such as corn, rice, and wheat
prices remain high and uncertain due to low global stocks.
In particular, corn has reached its lowest stock-to-use ratio
of 13 percentsince 1970 (Gustavsson, Cederberg, Sonesson,
Van Otterdijk, & Meybeck, 2011). The situation created a
huge effect on price. The wide domestic price fluctuations
of agriculture commodities in several developing countries
were the result of the uncertainty of supply. The situation
led to greater vulnerability, negatively impacting local pop-
ulations (Streeten, 2016).

Seemingly, the price increase of rice, sugar, and petroleum
posed an effect on the overall price movements. Although
the price of crude oil in the second part of the year de-
creased, it remained volatile due to the uncertain politi-
cal situation in the Middle East (Gustavsson et al., 2011).
Also, Brazil’s low sugarcane production caused the price of
sugar to increase by 29 percent, further contributing to the
volatility of the world’s food prices. Finally, the unexpected
increase in the price of rice added to the increase in price in
agriculture commodities (Mohajan, 2013).

The continued increase in the prices of agricultural com-
modities significantly contributed to the inflation of several
countries. Observably, in China, food price inflation regis-
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tered at 14.6 percent traced from the domestic producers
of meat, fish, and vegetables. Moreover, food inflation was
present in some Central American countries (Cachia, 2014).
The decision of Russia to ban grain exports in July until
the end of the year significantly reduced the world grain
stocks. The drought reduced harvest in Kazakhstan, Russia,
and Ukraine, which produces a quarter of the world’s cereal
production, while floods reduced US corn production to 3.4
percent (Gotz, Glauben, & Briimmer, 2013).

RESEARCH METHODOLOGY

The Engle-Granger method first generated residuals (er-
rors) based on static regression, in which the Augmented
Dickey-Fuller (ADF) was used to detect the presence of unit
roots. If the time series are cointegrated, then the residuals
will be practically stationary. A major issue with the Engle-
Granger method is that choice of the dependent variable
may lead to different conclusions (Armstrong, 2002), an is-
sue corrected by more recent tests such as Phillips-Ouliaris
and Johansen’s (Westelius, 2005).

The Johansen’s VECM in this study inspects the long-term
relations between the energy and agricultural price index.
The VECM provides a full information maximum likelihood
estimation model, in a single step can examine for cointe-
gration in the equation without the need for normalizing a
particular variable. The technique eliminates carrying over
the error from the first to the second step, unlike the Engle-
Granger method. Also, VECM does not require a priori as-
sumption of endogeneity or exogenity of the variables.

RESULTS
This study used the World Bank published data on the
world’s oil price index from October 1973 to October 2018.

This study used a VEC model because both energy and
agriculture price index series are non-stationary in levels
and differences, and the variables are integrated. Figure 1
showed the two-time series plot.

—t— energy

== agri

FIGURE 1. Institutional models for stability/changes of organiza-
tional practices

Both time series showed that neither is stationary in its
level, and they demonstrate a common trend. Also, tak-
ing the difference of both series differences appeared as
stationary and a possible presence of cointegration. The
Dickey-Fuller regression estimate based on graphical in-
formation for levels with intercept, time trend and six (6)
lags for oil price index, and two (2) lags for agriculture in-
dex. The augmented dickey-fuller test used the Schwert cri-
teria which include 1 to k lags of the first, detrended en-
ergy index variable, where k = 18 was set by the method
(Schwert, 2002). Both energy and agricultural tau-statistics
(¢t-statistics) (-2.52 and -2.70) and both the normalized au-
tocorrelation coefficient rejected the series were stationary
at 0.05 confidence level. The result suggested that energy
and agricultural index were not stationary.

TABLE 1. ADF test for energy and agriculture price index, october 1973 to october

2018
Energy Price Index  Agriculture Price Index

Criteria Schwert Schwert
Drift no no
Trend yes yes
Lag 18 18
Alpha 0.05 0.05
Tau-stat -2.52765 -2.70745
Tau-crit -3.42013 -3.42013
Stationary no no
Akaike’s Information Criterion (AIC) 5.497582 3.993738
Bayesian Information Criterion (BIC)  5.569723 4.033588
Lags 6 2

The AIC (5.497 and 3.993) for both energy and agricultural
price index, which were higher than 3 demonstrate that
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there was less support for the model (Anderson, Burnham,
Anderson, & Burnham, 1998; Wagenmakers, 2003). How-
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ever, the BIC (5.569 and 4.033) was between 2 and 6, which
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favored the model generated (Antle et al., 1999).
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The Engle-Granger test of cointegration for agriculture

price index (t = 1.004, p = 0.315) showed in Table 2 that it
did not respond to the changes in the energy price index.

TABLE 2. Engle-Granger test of cointegration for the agriculture price index

Regression
Statistics
Multiple R 0.043237
R Square 0.001869
Adjusted R 1.42E-05
Square
Standard Error 1.977737
Observations 540
df Ss MS F Significance
F
Regression 1 3.948671  3.948671 1.009517215 0.315470206
Residual 5392108.269  3.911445
Total 540 2112.217
Coefficients Standard  t-Stat p-Value Lower Upper Lower Upper
Error 95% 95% 95.0% 95.0%
Intercept 0
Energy pricein-  0.003212 0.003197  1.004747 -0.00306791  0.009492  -0.00307  0.009492
dex
TABLE 3. Engle-Granger test of cointegration for the energy price index
Regression
Statistics
Multiple R 0.096147
R Square 0.009244
Adjusted R 0.007389
Square
Standard Error 4.15449
Observations 4.15449
df ss MS F Significance
F
Regression 1 86.80098  86.80098 5.029087682  0.025331486
Residual 539 9303.025  17.25979
Total 540 9389.826
Coefficients Standard t-Stat p-Value Lower Upper Lower Upper
Error 95% 95% 95.0% 95.0%
Intercept 0
Agriculture 0.01506 0.006716  2.242563  0.02533073 0.001868214  0.028252 0.001868  0.028252
price index

However, the Engle-Granger test of cointegration for en-
ergy index (t = 2.24, p = 0.025) Table 3 exhibited that the
energy index responds to the disequilibrium between en-
ergy and agriculture price. The result supports the idea that
changes in the energy price depend on the changes in the
agricultural price and not the other way around.

To get the VEC model results for energy price, the estimate
regression reflected in Table 4 indicated that the significant
negative coefficient on lag e showed that the energy price
index responds to the disequilibrium between agriculture
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and energy price.

The residual test of normality reflected a non-normal dis-
tribution (JB = 73.26). The result was deemed a weak-
ness in the robustness of the model. The residual non-
normality is not a serious problem; instead it demonstrated
deviations from the long-term relationship between energy
and agriculture prices (Goérka, 2016). Admittedly, the non-
normality of the residual may be attributed to the ARCH ef-
fects since the price observation came from two economic

sectors with different volatility (Lanne & Liitkepohl, 2010).
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However, a structural VEC model assuming the non-normal
distribution is beyond the scope of this study. The VECM de-

TABLE 4. VEC model for the energy price index
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veloped in this study has limitations that future researchers
may consider.

Regression
Statistics
Multiple R 0.895587
R Square 0.802075
Adjusted R 0.801708
Square
Standard Error 1.857079
Observations 540
df SS MS Significance
F
Regression 1 7518.972 7518972  2180.208 2.2E-191
Residual 538 1855.423  3.448741
Total 539 9374.395
Coefficients Standard  t¢-Stat p-Value Lower Upper Lower Upper
Error 95% 95% 95.0% 95.0%
Intercept 0.067455 0.079946  0.843756  0.399181 -0.08959 0.224498 -0.08959  0.224498
Lage -0.92862 0.019888  -46.6927  2.2E-191  -0.96769 -0.88956  -0.96769  -0.88956
70 Series Residuals
&0 Observation 342
50 Mean 14 5417
40 Median 18.70977
30 Maximum 48 58477
20 Minimum -69.6695
10 + Standard 22.30708
0 - Deviation
\_\:‘5’.\63;.3%, ’o?‘hp Skewnless —O;’SP’Q?E _
@‘3 ﬁfeb}a, ! Kurtosis 0227672
ot S ;9_\ Q) Jarque-Bera 73.26388
‘ Prob. 1.23E-16

FIGURE 2. Residual test of normality

DISCUSSION

The several factors that determined the changes in en-
ergy prices based on the changes in the agricultural sec-
tor (Piot-Lepetit & M’'Barek, 2011) were based on the im-
balance between supply and demand of agricultural com-
modities (Roberts & Schlenker, 2013). The imbalance be-
tween supply and demand has an immediate effect on prices
(Schnepf, Resources, & Division, 2005). The increasing de-
mand for meat products in developing countries raises the
demand for livestock cereal feeds. The increasing living
standard and population of developing countries means to
increase demand for imported meat (Resurreccion, 2004).
Hence requiring more petroleum-based inputs (fertilizers,
pesticides, and machinery) to produce more cereal for live-
stock feeds (Ward, Holden, White, & Oldfield, 2016).
Ethanol-extracted from sugar cane (Goldemberg, Coelho,
& Guardabassi, 2008) and corn replaced ether blended in
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US conventional fuel resulting in the increased American
production of ethanol (Crago, Khanna, Barton, Giuliani, &
Amaral, 2010). The increased demand for sugarcane and
corn for biofuel exerted pressure on agricultural commodi-
ties prices (Gecan, Johansson, & FitzGerald, 2009). Several
countries imposed higher subsidies and import tariffs to
prioritize the local biofuel market, which added pressure on
agricultural commodities prices (de Gorter, 2014; Peters,
Somwaru, Hansen, Seeley, & Dirkse, 2009).

However, in terms of the supply side, the 4.6 billion hectares
of agricultural land worldwide (Pimentel, 2003) for the
past 50 years (1967-2017) has only increased slightly at
8 percent (Coulibaly, 2013). Moreover, over the same
period, more agricultural lands were allocated in grow-
ing grains for animal feed (Pimentel, 2003), which require
more petroleum-based inputs or biofuel production, reduc-
ing land for food production (Beckman, Borchers, & Jones,
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2013). Also, the increasing world population and living
standards drive prices (Southgate, 2009) at the same time
added pressure on the energy sector to provide inputs for
the agricultural commodities production (Pimentel, 2009).
Several droughts hit the ability of major grain producers,
reducing output and affecting world prices. In response,
the farmers demand to increase electricity use, one-third
above-normal year use, to draw underground water from
lower water tables to provide irrigation. The situation in
every succeeding drought is more difficult than the previ-
ous situation which worsens the problem (Fan, 2019).

CONCLUSION

This study investigated the deeper relationship between
agriculture and energy price for the last four decades trac-
ing the changes in the agriculture sector, which were not
caused by the changes in the energy sector. The result of
this study suggested that it was the changes in the price
of agriculture that caused the price of energy to change
attributed to the imbalance between supply and demand
traceable to the high-protein diet of emerging economies,
which required more energy-based inputs to produce. Also,
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the increasing biofuel demand and the distortion the global
agricultural trade exerted pressure on the energy price. Fi-
nally, the severe droughts and flooding caused agriculture
to increase energy demand to operate equipment that can
cushion the impact of climate change. While most stud-
ies showed the rising energy prices changed, the relation-
ship between the agriculture and energy sector and energy
is both an input and output in the agriculture sector. This
study affirmed that basically, the agriculture sector signif-
icantly shaped the energy sector and not the other way
around.

IMPLICATIONS

This study attempted to quantify the causal relationship
between energy and agricultural price using the struc-
tural economic framework that recognized the fundamen-
tal problem in the relationship between energy and agricul-
ture. This study affirmed that basically, the agriculture sec-
tor significantly shaped the energy sector and not the other
way around. Furthermore, this study presented a window
of opportunity to closely examine the curious relationship
between energy and agriculture prices.
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