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Abstract

It is becoming increasingly apparent that the post-
2004, across-the-board, commodity price increases,
which initially appeared to be a spike similar to the
ones experienced during the early 1950s (Korean War)
and the 1970s (oil crises), have a more permanent
character. From 1997-2004 to 200512 nominal prices
of energy, fertilizers, and precious metals tripled, metal
prices went up by more than 150 percent, and most
food prices doubled. Such price increases, especially in
food commodities, not only fueled a debate on their key
causes, but also alarmed government officials, leading
to calls for coordinated policy actions. This paper
examines the relative contribution of various sector and
macroeconomic drivers to price changes of five food
commodities (maize, wheat, rice, soybeans, and palm

oil) by applying a reduced-form econometric model on
1960-2012 annual data. The drivers include stock-to-use
ratios, crude oil and manufacturing prices, the United
States dollar exchange rate, interest rate, and income.
Based on long-run elasticity estimates (approximately
-0.25 for the stock-to-use ratios, 0.25 for the oil price,
-1.25 for the exchange rate, and much less for others),
the paper estimates the contribution of these drivers to
food price increases from 1997-2004 to 2005-12. It
concludes that most of the price increases are accounted
for by crude oil prices (more than 50 percent), followed
by stock-to-use ratios and exchange rate movements,
which are estimated at about 15 percent each. Crude
oil prices mattered most during the recent boom period
because they experienced the largest increase.
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Introduction

It is becoming increasingly apparent that the post-2004 commodity price increases,
which initially appeared to be a spike similar to the ones experienced during the early
1950s (Korean War) and the 1970s (oil crises), have a more permanent character. Most
commodity prices are now two or even three times higher compared to a decade earlier.
From 1997-2004 to 2005-12 nominal prices of energy, fertilizers, and precious metals tri-
pled, metal prices went up by more than 150 percent, and most food prices doubled.
The price increases, especially those of food, alarmed governments and, not surprising-
ly, led to calls for coordinated policy actions, reminiscent of the 1970s. Because under-
standing the relative contribution of key drivers to commodity price movements should
be an essential part of any policy recommendation, this paper focuses on assessing such
contributions.

The increases in commodity prices took place in a period when most economies,
especially emerging ones, sustained strong economic growth. For example, during the
2004-12 period, income and industrial production growth in middle-income countries
averaged 6.2 percent and 7.3 percent, respectively, up from 4.6 percent and 5.4 percent,
respectively, during the previous eight-year period. Fiscal expansion and loose mone-
tary policies in many countries created an environment that favored high commodity
prices. The depreciation of the U.S. dollar —the currency of choice for most international
commodity transactions—strengthened demand and limited supply from non-U.S. dol-
lar commodity consumers and producers, thus supporting higher prices. Other factors
mentioned often include low past investment, especially in extractive commodities (in
turn, a response to a prolonged period of low prices), investment fund activity by finan-
cial institutions that chose to include commodities in their portfolios, and geopolitical
concerns, especially in energy markets.

In addition to the above drivers, prices of agricultural commodities were affected
by higher energy and chemical input prices, more-frequent-than-usual adverse weather
conditions, and the diversion of some food commodities to the production of biofuels—
notably maize in the United States and edible oils in Europe. These conditions led glob-
al stock-to-use ratios of some grains down to levels not seen since the early 1970s. Last,
policy responses, including export bans and high export taxes (especially in the rice
market) implemented to offset the impact of increasing world prices, contributed to cre-
ating the conditions of what has often been termed a “perfect storm.”

The co-existence of so many factors implies that any analysis of commodity price
movements should entail both sectoral and common drivers. In fact, the importance of
common factors was a key conclusion reached by Cooper and Lawrence (1975) for the
commodity price boom of the 1970s (the comparison between the 1970s price boom and
the recent one has been made frequently; see, for example, Radetzki 2006, Piesse and
Thirtle 2009, and World Bank 2009).



This paper applies a reduced-form price-determination model to maize, wheat,
rice, soybeans, and palm oil, using annual data for 1960-2012 (see figure 1 for the nomi-
nal and real food price index). The price determinants include one supply-side variable
(energy prices), three macroeconomic indicators (exchange rate, interest rate, and infla-
tion), income on the demand side, and a driver reflecting market fundamentals (stocks
and consumption expressed as a single stocks-to-use ratio variable).

The paper finds that food prices respond strongly to stocks-to-use (S/U) ratios
(except rice), crude oil prices (all commodities), and exchange rate movements (in a
mixed manner). With a few exceptions, interest rate and income growth do not matter.
Crude oil prices matter the most because they experienced the largest increase after
2004. The remaining portion of the paper proceeds as follows. The next section discuss-
es the model, data, and estimation procedure. The third section identifies and elaborates
on the relative impact of each driver. The fourth section applies a number of robustness
checks to assess the performance of the model, especially the post-2004 price move-
ments. The last section concludes and identifies likely directions for future research.

Explaining Long-Term Price Trends

To identify the relative impact of various drivers on long-term food price trends, we use
a reduced-form price-determination model. The model is based on equating aggregate
demand to the supply of a commodity, and then expressing the equilibrium price as a
function of sectoral and macroeconomic fundamentals. The theoretical underpinning of
the model can be found in Turnovsky (1983), Stein (1986), Holtham (1988), and Deaton
and Laroque (1992). Empirical applications include Gilbert (1989) who looked at the ef-
fect of developing country debt on commodity prices; Pindyck and Rotemberg (1990),
who examined comovement among various commodity prices; Reinhart (1991) and
Borensztein and Reinhart (1994) who analysed the factors behind the weakness of
commodity prices during the late 1980s and early 1990s; Baffes (1997) who examined
the long term determinants of metal prices; and Frankel and Rose (2010) who analyzed
the effects of various macroeconomic variables on agricultural and mineral commodi-
ties.

Model
The model takes the following form:
log(P+) = Bo + P1log(S/Ur1) + B21log(POL) + B3 log(XRr)
+ Balog(Rr) + B5log(GDPs) + B log(MUV?) + ¢,

where P# denotes the nominal price of commodity i (i = maize, wheat, rice, soybeans,
and palm oil). S/U+ denotes the lagged stock-to-use ratio (use includes human, animal,
and industrial consumption), P! is the price of crude oil, XR: is the exchange rate, Rt
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denotes the interest rate, GDP: denotes gross domestic product (GDP), and MUV repre-
sent a price index of manufacturing exports. The Bis are parameters to be estimated, and
et is the error term.

Although some of the drivers often cited as key in explaining post-2004 price
movements do not appear explicitly in the model, they are accounted for indirectly by
the S/U ratio. The diversion of food commodities to the production of biofuels increases
consumption and reduces stocks, therefore leading to a lower S/U ratio. Similarly, to the
extent that weather patterns affect global production, they are accounted for by the S/U
ratio. Furthermore, the S/U ratio captures the income effect because higher (lower) in-
come leads to higher (lower) food consumption, with reverse impacts on the S/U ratio.
Investment fund activity is likely to affect price variability rather than long-term trends;
therefore, its exclusion is unlikely to alter the results. The most notable exclusion is
trade policies, which remained stable at a global level during the recent boom period,
except for interventions with impacts within a specific year that targeted a few com-
modities (mostly rice and less so wheat).

The interpretation and signs of most of the parameters are straightforward. The
S/U ratio is expected to be negative because a low S/U ratio (associated with scarcity)
leads to high prices and vice-versa. To account for likely simultaneity bias between
stocks and prices, the S/U ratio enters the regression in lagged form. The price of crude
oil should have a positive effect on the prices of food commodities because it is a key
factor of production (Baffes 2007). The depreciation of the U.S. dollar—the currency of
choice for most international commodity transactions—strengthens demand and limits
supply from non-U.S. dollar commodity consumers and producers, thus increasing
prices. In contrast, the effect of interest rates is ambiguous. High interest rates can be
associated with lower commodity prices because they dampen current commodity de-
mand and may change expectations about future economic activity because of lower
investment; however, they may be associated with higher prices because high interest
rates increase the required rate of return on storage (Newbery and Stiglitz 1989). Income
growth (proxied by GDP of low- and middle-income countries, where most of the
commodity demand growth is taking place) is expected to lead to higher prices. Last,
because of the long period under consideration, the MUV was also included in the
model, but it was treated as an explanatory variable (instead of adjusting prices) to relax
the homogeneity restriction and obtain a direct estimate of the effect of manufacturing
prices (Houthakker 1975).

Data

World prices were taken from the World Bank’s database and represent annual (calen-
dar) averages, expressed in U.S. dollar per metric ton (mt), except crude oil which is ex-
pressed in US dollars per barrel. The description of commodity prices is as follows:



maize (United States), no. 2, yellow, f.o.b. (free on board) U.S. Gulf ports; rice (Thai-
land), 5 percent broken, white rice, milled, indicative price based on weekly surveys of
export transactions, government standard, f.o.b. Bangkok; wheat (United States), no. 1,
hard red winter, ordinary protein, export price delivered at the U.S. Gulf port for
prompt or 30 days shipment; soybeans (United States), c.i.f. (cost, insurance, freight)
Rotterdam; palm oil (Malaysia), 5 percent bulk, c.i.f. N. W. Europe; and crude oil, aver-
age price of Brent, Dubai and West Texas Intermediate, equally weighed. Finally, the
manufacture unit value (MUV) was used as a proxy of global deflator index. The MUV
is a US dollar trade weighted index of manufactures exported from 15 economies (Bra-
zil, Canada, China, Germany, France, India, Italy, Japan, Mexico, the Republic of Korea,
South Africa, Spain, Thailand, the United Kingdom, and the United States). More de-
tails on the prices along with the MUV can be found at the World Bank’s Commodity
Price Database.!

The S/U ratio was calculated as the ratio of end-of-season stocks to total con-
sumption taken from the U.S. Department of Agriculture’s Production, Supply, and
Distribution Online.? The exchange rate measure was the International Monetary
Fund’s Special Drawing Rights rate representing an index of the U.S. dollar against four
currencies, namely the Euro, Pound sterling, Japanese yen, and U.S. dollar.? The 10-year
US Treasury bill was used as interest rate proxy, taken from the U.S. Federal Reserve’s
Selected Interest Rates database.* Last, GDP was taken from the World Bank’s World
Development Indicators database.>

Estimation

Prior to estimating the model, we examined the stationarity properties of all variables,
applying unit root tests to levels with and without trend as well as first differences. Two
tests were used, the ADF (Augmented Dickey-Fuller) and the PP (Phillips-Perron). Re-
sults are reported in table 1. The statistics indicate overwhelming rejection of stationari-
ty and trend stationarity for all five food prices and the crude oil price in favor of sta-
tionarity in first differences (see upper panel of table 1). Stationarity and trend station-
arity were rejected for all three macroeconomic variables and GDP, again in favor of sta-
tionarity in first differences (see middle panel of table 1). However, the unit root test re-
sults for the S/U ratios were mixed. The statistics of maize and rice point to difference
stationarity, and to a lesser extent, this is the case with wheat and palm oil. However,
both unit root statistics indicate stationarity for soybeans (see lower panel of table 1).

1 http://worldbank.org/prospects/commodities

2 www.fas.usda.gov/psdonline

3 http://www.imf.org/external/np/fin/data/rms five.aspx

4+ www.federalreserve.gov/releases/h15/data.htm
5 http://data.worldbank.org/indicator



http://worldbank.org/prospects/commodities
http://www.fas.usda.gov/psdonline
http://www.imf.org/external/np/fin/data/rms_five.aspx
http://www.federalreserve.gov/releases/h15/data.htm
http://data.worldbank.org/indicator

Given that, with the single S/U soybean exception, the variables are non-stationary, the
performance of the models must be complemented by cointegration statistics (in addi-
tion to conventional statistics).

Table 2 reports parameter estimates for 1960-2012 for maize, wheat, and rice and
(because of data unavailability) for 1965-2012 for soybeans and palm oil. Half of the pa-
rameter estimates are significantly different from zero at the 5 percent level while the
adjusted-R? averaged 0.82 (ranging from 0.67 for palm oil to 0.90 for wheat). More im-
portant, in most cases the ADF and PP statistics confirm stationarity of the error term at
the 1 percent level.

Discussion

Stock-to-Use Ratios

As expected, the S/U ratio estimates are negative ranging from a high of -0.61 for maize
to a low of -0.21 for rice—the only S/U estimate not significantly different from zero.
These estimates imply that, on average, a 10 percent decline in the S/U ratio is associat-
ed with a 3 percent increase in food prices. The smaller parameter estimate for soybeans
(compared to wheat and maize) may reflect not only the fact that soybean stocks can be
held in bean, meal, or oil form, while only beans were used in this study, but also the
generally low levels of stock-holding in that sector. From an econometric perspective,
such result may also be associated with the stationarity properties of the S/U ratio for
soybeans—perhaps not surprisingly since it was the only variable for which stationarity
was not rejected according to both ADF and PP statistics.

The S/U ratio elasticity estimates for grains reported here are remarkably similar
to findings reported elsewhere. For example, Bobenrieth, Wright, and Zeng (2012) esti-
mated correlation coefficients between S/U ratios and real de-trended prices for wheat,
maize, and rice of -0.40, -0.50, and -0.17, respectively (compared to -0.61, -0.50, and -0.21,
respectively, in the present study.) Similarly, FAO (2008, p. 6, figure 3) reported correla-
tion coefficients between the cereals price index and various measures of S/U ratios
ranging from -0.47 and -0.65. These correlations led FAO (2008) to conclude not only
that the low stock levels caused grain prices to spike during 2007/08, but also that prices
are expected to remain elevated for some time.

The S/U ratio estimate for rice (low and not significantly different from zero) is
both troubling and interesting. It most likely reflects policy distortions, including the
substantial quantities of rice stocks—especially in East Asia where rice is considered a
strategic commodity —that are either handled by state trading enterprises (STE) or
heavily influenced by government policies (Alavi and others 2012). Indeed, Anderson
and others (2009, p. 489, table 12.11) estimated that during 2000-04, rice exhibited the
highest level of distortion (43 percent) compared to wheat (4 percent) and maize (3 per-
cent), as measured by the trade restrictiveness index (TRI). The economies that contrib-
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uted the most to the TRI were (in order): India; Japan; Taiwan, China; Vietnam; the Re-
public of Korea; China; and the United States. Similar distortion patterns apply to earli-
er years as well. More recently, Martin and Anderson (2012, p. 426) found that restric-
tive trade policies during the 2006-08 price spike may explain as much as 45 percent of
the increase in the international rice price. They also concluded that trade policies in-
duced a 30 percent increase in wheat prices during the boom years.*

Not only is the global rice market subjected to large distortions, but also such dis-
tortions apply to both export and import sides. Timmer and Slayton (2009), for example,
discuss how large tenders by the Philippines—a large rice importing country —may
have affected rice prices. Examples of countries whose rice marketing and trade is either
handled exclusively by STEs or heavily influenced by policies include (but are not lim-
ited to) India (Food Corporation), Indonesia (Badan Urusan Logistik or BULOG), the
Philippines (National Food Authority), and Thailand (Rice Paddy Pledging Program).

It is often argued that high rice price volatility observed during the past few
years is partly due to the thin nature of the export market. Indeed, only 8 percent of
global production is traded internationally, the lowest among the commodities exam-
ined in this study (table 3). Yet, historically, rice price volatility has been remarkably
similar to that of other grains and oilseeds; in fact, during 2010-12, rice and soybean
price volatility was the lowest among the five commodities examined here. Further-
more, concentration of the global trade of rice is, again, in line with other commodities.
The Herfindahl concentration index for the rice export market is 15 percent, higher than
maize (12 percent) but much lower than wheat (21 percent).” These characteristics sug-
gest that it is policy concentration (not market concentration, market thinness, or price
volatility) that matters most in the rice market and distinguishes it from other markets.®

Crude Oil

The estimate for oil price elasticity was significantly different from zero in all five re-
gressions—the only highly significant driver across all models (see table 2). It ranged

¢ In addition to affecting world prices, such distortions may be associated with high domestic costs. For
example, Thai rice policies during 2011/12 may have cost as much as 1 percent of Thailand’s total GDP
(World Bank 2012a).

7 The Herfindahl index of market concentration (used often in the industrial organization literature) is
calculated as Zi<1,NSi2, where Si is the export share of country i; values close to zero indicate low concentra-
tion while values exceeding 0.25 (or 25 percent) indicate high concentration—however, when there are
close substitutes (as in the case of palm oil, which has many close substitutes such as soybean oil), even
an index close to unity may not be consistent with high concentration; same argument applies to market
thinness. The upper bound of the index is 1 (100 percent), implying that the industry (global commodity
market in our case) is dominated by one firm (country).

8 The different nature of the problems relevant to the rice market (compared to other grains) has been
highlighted by Gilbert (2012).



from 0.23 (maize) to 0.50 (palm oil), implying that, on average, a 10 percent increase in
the price of crude oil is associated with a 3 percent increase in food prices. These esti-
mates confirm findings of earlier studies that have used the price of energy as an ex-
planatory variable and concluded that energy plays a key role in food price movements.

The strong relationship between energy and non-energy prices has been estab-
lished long before the recent boom. Gilbert (1989), for example, using quarterly data be-
tween 1965 and 1986, estimated transmission elasticity from energy to non-energy
commodities of 0.12 and from energy to food commodities of 0.25. Hanson, Robinson,
and Schluter (1993) based on a General Equilibrium Model found a significant effect of
oil price changes to agricultural producer prices in the United States. Borensztein and
Reinhart (1994), using quarterly data from 1970 to 1992, estimated transmission elastici-
ty to non-energy commodities of 0.11. Baffes (2007), using annual data from 1960 to
2005 estimated elasticities of 0.16 and 0.18 for non-energy and food commodities, re-
spectively. A strong relationship between energy and non-energy prices was found by
Chaudhuri (2001) as well.

Pindyck and Rotemberg (1990) analyzed the nature of the comovement among
seven commodity prices (cocoa, copper, cotton, crude oil, gold, lumber, and wheat) and
concluded that not only these prices co-moved, but they also co-moved in excess of
what the macroeconomic fundamentals could explain, in turn leading to the “excess
comovement” hypothesis. Interestingly, they assumed that none of these commodities
is used as a major input for the production of another, clearly a strong assumption con-
sidering that energy is the most important cost-production component to most agricul-
tural commodities (either directly through fuel or indirectly through chemical inputs,
especially fertilizers).®

Income

The results show no contemporaneous effect of income on food prices (maize is an ex-
ception, but the sign of the parameter estimate is negative). Although table 2 reports re-
sults for GDP purchasing power parity (PPP) of low and middle income countries, we
run the models by using a total of six measures of GDP: Global, low and middle income
countries, low income countries, each in PPP terms and current prices. None of these
measures resulted in coefficients significantly different from zero.

Income growth by emerging economies has been often cited as a key driver to
the post-2004 food price increases. For example, the June 2009 issue of National Geo-
graphic noted that demand for grains has increased because people in countries like
China and India have prospered and moved up the food ladder. Similarly, Krugman

9 Subsequent research, however, challenged the “excess” part of the excess comovement hypothesis. See,
for example, Ai, Chatrath, and Song (2006); Cashin, McDermott, and Scott (1999); Deb, Trivedi, and Va-
rangis (1996); and LeyBourne, Lloyd, and Reed (1994).
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(2008) argued that the upward pressure on grain prices is due to the growing number of
people in emerging economies, especially China, who are becoming wealthy enough to
emulate Western diets. Likewise, Wolf (2008) argued that strong income growth by
China, India, and other emerging economies, which boosted demand for food commod-
ities, was the key factor behind the post-2007 increases in food prices. The role of de-
mand has been highlighted by Hochman and others (2011) as well.

The results on income growth in the present analysis, which are in sharp contrast
to what has been assumed in the above cited (and other) literature, should not be sur-
prising. In the context of the present model, it was noted earlier that income affects
prices indirectly through the lagged S/U ratio, because higher income leads to higher
consumption. Therefore, the inclusion of income as a separate variable would capture
only the contemporaneous effect; hence the insignificant parameter estimate implies
that, if income affects prices, it does so with lags. Indeed, most empirical models that
have explicitly used the income variable have not found a significant direct impact (for
example, Ai, Chatrath and Song 2006).

More important, there is no evidence that grain consumption by emerging econ-
omies has experienced growth rates that are either high by historical standards or com-
parable to their income growth rates. For example, Alexandratos (2008, p. 673) conclud-
ed that China’s and India’s combined average annual increment in grain consump-
tion—in terms of both growth rates and absolute increments—was lower in 2002-08
than in 1995-2001. In a similar vein, FAO (2008, p. 12) noted the following;:

China and India have usually been cited as the main contributors to this sudden change
[in cereal prices] because of the size of their populations and the high rates of economic
growth they have achieved. However, since 1980, the imports of cereals in these two
countries have been trending down, on average by 4 percent per year, from an average of
14.4 million tonnes in the early 1980s to 6.3 million tonnes over the past three years.
Moreover, mainland China has been a net exporter of cereals since the late-1990s, with
one exception in the 2004-2005 season. Similarly, India has been a net importer of these
commodities only once, in the 2006-07 season, since the beginning of the twenty-first
century.

Numerous other studies have reported similar findings, including Alexandratos and
Bruinsma (2012), Sarris (2010), Baffes and Haniotis (2010), FAO (2009), and Lustig
(2008). In fact, Deaton and Dreze (2008), based on household survey data in India found
that, despite growing incomes, there has been a downward trend in calorie intake since
the early 1990s. They added that although the reasons behind this trend are not clear,
one likely explanation may be that calorie requirements have declined as a result of bet-
ter health and lower physical activity levels.

It is important to note, however, that demand growth by emerging economies,
especially China, has played a key role in the post-2004 evolution of most industrial
commodity prices, notably, metals and energy (Baffes 2012). For example, during the
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1990s global metal consumption grew at an annual rate of 2.4 percent. During the first
decade of the millennium, however, it grew at 4.5 percent. More importantly, China ac-
counts now for more than 40 percent of the world’s metal consumption, up from a mere
4 percent two decades earlier. Similarly, nonmember countries of the Organization for
Economic Co-operation and Development (OECD) consume currently almost half of
world’s crude oil, up from one third 15 years ago. Indeed, between 1997-2004 and 2005-
12 crude oil consumption by OECD economies did not change whereas that of non-
OECD economies increased by more than 30 percent. The role of demand in crude oil
prices has been emphasized by numerous authors (for example, Kilian 2009).

It is also important to reiterate that, to the extent that strong growth by emerging
economies boosts energy demand and hence oil prices, food prices have been driven by
the growth patterns of these economies.” In fact, this point has been highlighted by
Heady and Fan (2010, p. 15). However, what matters most from a policy perspective, is
the channels through which income growth affects food prices. Is it the cost side (high
oil prices which are associated with a leftward shift of the aggregate supply schedule),
changing of dietary preferences (consumption of more processed and animal products
instead of grains, which is associated with a change in the composition of aggregate
demand), or consumption of more food (a rightward shift of aggregate demand)? The
results of this study show that the cost side matters most.

Macroeconomic Drivers

Results on the effect of the exchange rate on food prices are mixed but they are highly
consistent with expectations. Exchange rate movement matters a lot in rice (the parame-
ter estimate is -2.45, t-ratio = 3.88), followed by a moderate impact on soybeans (-1.08, ¢-
ratio = 2.91) and wheat (-0.86, t-ratio = 2.45). It is not significantly different from zero for
palm oil and maize. The smallest (maize) and largest (rice) elasticity estimates are con-
sistent with initial expectations, given that the United States is the dominant player in
the maize market and only marginal player in the rice market.

The effect of the exchange rates on commodity prices and trade was highlighted
immediately following the collapse of Breton Woods (Schuh 1974). In the context of US
agriculture, Gardner (1981) concluded that the exchange rate was the most significant
variable in explaining real US farm prices with an elasticity of 0.4. Lamm (1980) and

10 The differences in the way food and energy demand respond to income should not be surprising. Food
commodities are subjected to Engel’s Law (that is, the share of income spent on food declines as income
increases) while energy commodities are not. Webster, Paltsev, and Reilly (2008, Table 1, p. 2786), for ex-
ample, based on a review of the parameter values used in various integrated assessment models reported
that the income elasticity for energy demand exceeds unity.

11 See Radetzki (1985) for a graphical exposition of the latter point and Sjaastad (2008) for an empirical
application to the market of gold.
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Chambers and Just (1981) reported similar findings for U.S. Agriculture. Dawe (2002)
estimated that a 10 percent depreciation of the Thai baht against the US dollar is associ-
ated with a $22/mt decline in world rice prices, a result which is consistent with the pre-
sent model considering Thailand’s importance in the rice export market. Numerous
other authors have highlighted the role of exchange rates during the post-2004 food
price increases, including Abbott, Hurt, and Tyner (2008), Mitchell (2008), and Gilbert
(2010).

With the single exception of maize, MUYV is not significantly different from zero
in any of the remaining models, thus underscoring the importance of not imposing the
homogeneity restriction.”> Arguably, the only period during which food prices may
have been subjected to inflationary pressures is the 1970s. However, this is also the pe-
riod during which crude oil prices increased the most. Indeed, when the MUV is re-
moved from the maize equation, the parameter estimate for crude oil increases to 0.31
with a t-ratio of 7.36 (up from 0.23, t-ratio = 4.89 as reported in table 2), bringing the ef-
fect of oil price in par with the other commodities. Removal of the MUV reduces the in-
come elasticity to -0.17 (t-ratio = 1.86), a result which is in line with the other price equa-
tions.

The parameter estimate for interest rate was zero for wheat, soybean, and palm
oil and positive for maize (0.16, t-ratio = 1.80) and rice (0.31, t-ratio = 2.07) (see table 2).
As noted earlier, interest rate is the only driver whose effect on commodity prices is
ambiguous and depends on the relative impact on the demand side (through higher
purchasing power of consumers) or the supply side (through changes in the required
rate of return on storage). Although most empirical studies have found a strong link be-
tween exchange rate movements and agricultural commodity prices, the link between
interest rate and prices is less strong (for example, Stamoulis and Rausser 1987, Frankel
and Hardouvelis 1985).

Even recent studies give mixed evidence on the role of interest rates in commodi-
ty price movements, despite the near-zero interest policy rate policies pursued by sev-
eral Central Banks. For example, Frankel and Rose (2010) found no interest rate impact

12 This paper analyzes world food price movements in nominal terms. If the objective was to analyze do-
mestic food price movements of a particular country (such as prices received by producers or paid by
consumers), the analysis could be carried out in nominal or real terms adjusted by, say CPI or GDP, defla-
tor. In the context of world prices, such deflators do not exist. Thus, the only feasible alternative would be
to use a proxy for another price (or price index), in which case the elasticities represent measurement of
effects on the terms-of-trade not nominal prices. MUV is the most commonly used (and, perhaps, best)
alternative. In such modeling framework, the size and sign of the parameter estimates are likely to
change. For example, the exchange rate parameter estimate would be lower because the demand and
supply schedules of food and manufacturing commodities are likely to respond to US$ movements in a
similar fashion. Similarly, the parameter estimate of income could be negative, since the income elasticity
of food commodities is bounded by Engel’s Law while that of the manufacturing commodities is not (see
Kindleberger 1943 and Sapsford, Sarkar, and Singer 1992).



for maize, soybeans and wheat prices in a reduced form econometric model. However,
Byrne, Fazio, and Fiess (2013) using commodity data spanning over a century conclud-
ed that a common-factor drives comovement among ten prices and related such factor
to the real interest rate. Yet, to extent that interest rates may alter both consumption of
commodities and stockholding behavior, the 5/U ratio variable may capture the effect of
interest rate as well. Such mixed evidence could also reflect that fact that low interest
rates (by the United States) depress the U.S. dollar. Thus, the exchange rate elasticity
could potentially capture part of the interest rate effect. However, this is an unlikely ex-
planation for the commodities examined here because even in the cases where exchange
rate did not matter much (wheat) or it was insignificant (palm oil), the parameter esti-
mate of the interest rate was not significantly different from zero.

Assessing Post-2004 Price Movements

The impact of the drivers on the post-2004 food price movements were further assessed
in four ways. First, the model was re-estimated by excluding the post-2004 observations
in order to examine by how much (and in what direction) the parameter estimates
changed from the limited sample model (1960-2004) to the full sample model (1960-
2012). Second, by using the parameter estimates of the full sample model, we measured
the relative contribution of all explanatory variables to food price changes from 1997-
2004 to 2005-12—these two 8-year periods can be viewed roughly as pre-boom and
boom periods. Third, to check the forecasting power of the model, the parameter esti-
mates from the 1960-2004 model were used to derive predicted prices for the 2005-12
period (that is, out-of-sample forecasts) and compare them with predicted prices from
the full sample model (that is, in-sample forecasts). Fourth, the robustness of the model
was further examined by re-estimating the equations as a panel by examining both con-
ventional and cointegration statistics. The rest of this section elaborates on these exten-
sions.

Excluding Post-2004

Table 4 reports parameter estimates based on 1960-2004 observations. In terms of model
performance, the average adjusted-R? is the same as in the full sample model while the
unit root statistics indicate a stationary error term. In terms of individual performance,
the explanatory power of palm oil is lower while that of rice is higher. A comparison of
the full sample with the pre-2005 model yields mixed results for the S/U ratio; its elastic-
ity increases for maize and palm oil but declines for wheat, rice, and soybeans (figure 2,
panel a). Interestingly, the S/U ratio elasticity for rice is higher in the 1960-2004 model
compared to the full sample model, implying that during the post-2004 period, the S/U
ratio of rice played limited role in the determination of rice prices. The relatively small
and insignificant S/U ratio elasticity for rice has important policy implications, especial-



ly in view of calls to introduce regional or global interventions, including virtual re-
serves (Von Braun and Torero 2009), emergency reserves (Sarris 2010), or other insur-
ance mechanisms (Mendoza 2009).

In contrast, the crude oil price elasticity increased across all five food commodi-
ties (figure 2, panel b), consistent with the view that the role of energy has strengthened
after 2004. Notwithstanding this result, the literature on the post-2004 relationship be-
tween energy and non-energy prices is rather mixed. Serra (2011) found a long run link-
age between ethanol and sugarcane prices in Brazil and also that crude oil and sugar-
cane prices lead ethanol prices but not vice versa. Saghaian (2010) found strong correla-
tion among oil and other commodity prices (including food) but the evidence for a
causal link from oil to other commodities was mixed. Gilbert (2010), based on quarterly
data and Granger causality tests found correlation between the oil price and food prices
both in terms of levels and changes, but also noted that it is the result of common causa-
tion and not of a direct causal link. Zhang and others (2010) found no direct long-run
relationship between fuel and agricultural commodity prices and only a limited short-
run relationship. Reboredo (2012), using weekly data from 1998 to 2012, concluded that
the prices of maize, wheat, and soybeans are not driven by oil price fluctuations. Baffes
(2010) in an update to earlier work, found that the link between energy and non-energy
prices increases across all commodity groups when the post-2006 observations are add-
ed into the model, a result which is consistent with the view that common factors have
played a prominent role during the recent boom (Gilbert 2010), as they did during the
early 1970s price increases (Cooper and Lawrence 1975). Baffes (2010) also found that
the transmission elasticity increase is more pronounced in non-food than food commod-
ities, a result which is in accord with the weaker link identified by some other authors.

To the extent that production of biofuels is driven by mandates, the mixed evi-
dence on the link between energy and food prices should not be surprising.’* To see
this, consider an exogenous shock which pushes crude oil prices up, in turn, lowering
fuel consumption. Under a mandated ethanol/gasoline mixture ethanol and maize pric-
es will decline, ceteris paribus, leading to a negative relationship between food and oil
prices (de Gorter and Just 2009). From a statistical perspective, the mixed evidence on
the energy/non-energy price linkage during the recent boom may reflect the frequency
of the data used in various models. Indeed, Zilberman and others (2012) noted that
higher frequency (and hence “noisier”) data are typically associated with weaker price
relationships. The key conclusion from the studies based on time series analysis—
especially the ones that include the recent boom period —is that the strength of the en-
ergy/food price relationship should not be used as a metric associated with the impact

13 If biofuels are profitable, in which case food commodities become another source of energy, food and
oil prices will be moving in a synchronous manner. For the conditions under which biofuels become prof-
itable see Gilbert (2010) and Schmidhuber (2007).
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of biofuels on food prices.

In addition to excluding the post-2004 observations, we estimated the model
with dummies for the S/U ratio and crude oil —due to limited degrees of freedom, we
estimated separate regressions for each dummy. The changes in the elasticities were
quantitatively similar to the changes observed from the limited to the full sample mod-
el, that is, increases in the effect of crude oil and mixed results on the effect of the S/U
ratio.

What Matters Most?

Next, using the parameter estimates of the full sample, we calculated the relative con-
tribution to price changes of each explanatory variable (table 5). Specifically, the esti-
mated elasticities that were significantly different from zero were applied to the chang-
es in the average values of the explanatory variables between the 1997-2004 and 2005-
12. During these two periods, the World Bank’s food price index increased by 80 per-
cent whereas the price of crude oil increased by 228 percent (figure 3). In contrast, the
changes in S/U ratios were more moderate and mixed, ranging from a 35 percent de-
cline in maize to a 17 percent increase in soybeans (figure 4).14

Most of the contribution to food price changes from 1997-2004 to 2005-12 comes
from the price of crude oil, which for maize and wheat is 52 percent and 64 percent, re-
spectively with the corresponding S/U ratio contribution of 22 percent and 9 percent,
respectively. The contribution of exchange rate ranged from zero (maize and palm oil)
to 29 percent for rice. Crude oil’s strong effect compared to the S/U’s ratio’s more lim-
ited impact reflects the large increase in the price of oil during these two periods com-
pared with the changes in the S/U ratios. In view of the (mostly) insignificant parameter
estimates of the macroeconomic drivers, we also present parameter estimates from re-
gressions that include only the three key drivers, namely, S/U ratio, oil price, and ex-
change rate. Results are reported in table 6; the upper panel shows parameter estimates
and the lower panel shows the contributions to price changes. Again the results broadly
confirm the findings of the decomposition based on table 2 estimates. That is, oil prices
account for almost two thirds of the price changes from 1997-2004 to 2005-12, followed
by S/U ratios and exchange rate with less than 10 percent each.?

It is important to emphasize that the larger (smaller) influence of crude oil (S/U

14 Similar decompositions have been used elsewhere (for example, World Bank 2012b and Von Witzke
and Noleppa 2011). A distinct advantage of the present decomposition is that it uses elasticities that have
been generated by the same data set used for the decomposition analysis.

15 The average absolute deviations of the sum of contributions from actual price changes reported in table
6 (12.6 percentage points) is less than the one reported in table 5 (19.4 percentage points). Average abso-
lute contributions are calculated as 12.6 = (15+1+30+9+8)/+5 and 19.4 = (32+2+17+10+36)+5. In the case of
maize (first column, bottom panel, table 6), 15 = 90-75, where 90 is the percentage change in price and 75
is the sum of contributions from S/U ratio (11%), oil price (61%), and exchange rate (3%).
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ratio) on food prices is period specific. For example, during the late-1980s, when stocks
were declining and oil prices were relatively stable, the S/U ratios accounted for most of
the food price movements. Indeed, from 1985-87 to 1988-90, the price of maize increased
by 19 percent. However, because the S/U ratio declined by 32 percent (and the crude oil
price declined by 7 percent), almost all change in the price of maize is explained by the
S/U ratio [(-0.61)*-32% + 0.23*(-7%) = 19.5% - 1.6% = 18%].1

The limited impact of the S/U ratio on food prices following the post-2004 price
increases is in line with Dawe (2009) who noted that stocks did not have an important
effect on the evolution of world grain prices during the recent boom, a conclusion
shared by Heady and Fan (2008). Our results are also in line with Von Witzke and
Noleppa (2011), who concluded that the combined contribution of crude oil prices and
freight rates to price changes of wheat, maize, and soybeans during the 2007/08 spike
ranged between 45 percent and 75 percent (calculations based on p. 15, figure 8). How-
ever, they are in contrast to Wright (2012) who argued that low stocks during 2007/08 —
at a time of strong biofuel demand and increased incomes by China and India—were
the key causes of the post-2007 grain price increases. And, to the extent that biofuels af-
fect prices through the S/U channel, our results imply that their effect on food prices is
not as strong as has been reported in previous studies (for example, Mitchell 2008).

These findings are critical in view of the frequent calls for the establishment of
stockpile mechanisms, especially for rice. For example, Mendoza (2009, p. 13) proposed
a combination of an Asian grain reserve and a financing facility that could be accessed
by member countries when their rice supplies face unexpected shocks. Likewise, Gilbert
(2012, p. 135) argued that unless export restrictions come under World Trade Organiza-
tion discipline there is merit in considering the establishment of national or internation-
al rice stockpiles that poor rice-importing countries can access in the event of shortage.

Attractive as it may appear, such recommendation is questionable for at least
two reasons. First, if the objective of stockpiling is to moderate price increases or reduce
price variability, then S/U ratio’s limited impact on rice prices implies that such mecha-
nisms may not be very effective. Moreover, rice price volatility is similar to other grains
and edible oils (see table 3) and much lower than other food commodities. For example,
during the three decades prior to the recent boom (1975-2004), rice price volatility
(measured as the standard deviation of monthly returns) averaged 5.4—much lower
than 7.2, the median volatility of 25 food commodity prices. Such volatility measures
imply that there is no apparent need to stabilize world rice prices. Second, if, as Martin
and Anderson (2012) reported, almost half of the post-2007 increase in the price of rice
is due to trade policies, then one could question whether the policy makers who en-
gaged in such actions will adhere to the rules and conditions of stockpiling mechanisms

16 In a trivial way, exchange rates have no impact on commodity price movements prior to 1973 because
they did not move.

— 15—



which historically have had a very poor record of success. Thus, instead of exploring
second best alternatives by seeking international or regional cooperation to build and
manage stocks, not engaging in ad hoc trade policies should be the avenue to pursue—
indeed, a no-cost first best alternative.”

Assessing the Model

We assessed the sensitivity of the results by comparing actual prices with the predicted
prices generated by the 1960-2012 and 1960-2005 models (table 7). First, both models
show that prior to 2006, prices were higher than what the fundamentals suggest, about
the same in 2007, and much lower after 2008. That is, both models indicate “under-
shooting” prior to the boom and “overshooting” during the boom. For example, in 2005,
titted and actual prices differed between 28 percent (soybeans) and 54 percent (palm
oil). Conversely, the difference in 2011 ranged from -20 percent (soybeans) to -27 per-
cent (maize). As expected, such differences are smaller for 2005 (and larger for 2011)
when the 1960-2004 period is used, which is consistent with the differences in the elas-
ticity estimates reported in tables 2 and 4.

The model identifies one similarity and one difference with respect to the pat-
terns observed during the commodity price boom of the 1970s. The similarity is that in
1972 (the year before the spike), prices undershot by an average of 10 percent, whereas
during 1973 and 1974 they overshot by an average of 22 percent. The difference is that
the undershooting and overshooting of the 1970s was of much smaller magnitude and
less duration compared with the recent price increases. That difference, in turn, indi-
cates that while price increases of the 1970s could be characterized as a spike (quite vis-
ible in figure 1), the recent price increases appear to have a more permanent character.

Consistent with the statistics reported earlier, the models for maize and wheat
performed the best while that of rice performed the worst. For example, the Mean Abso-
lute Percent Error (MAPE) for the full sample model (table 8, first row of top panel) is
the lowest for maize and wheat and the highest for rice and palm oil with similar results
applying to pre- and post-2005 fitted prices based on both models.

In addition to the MAPE criterion, the performance of the model was assessed by
using Theil’s inequality coefficient (U-statistic, table 8). The U-statistic lies between zero
and one, with zero indicating perfect fit. The covariance proportion of the U-statistic is a
measure of the unsystematic forecasting error, thus measuring the quality of the fore-
casts (values close to unity indicate higher quality forecasts), and the other two compo-
nents of the U-statistic are the bias proportion and the variance proportion; all three add

7 One may argue that the process of establishing and managing a regional rice stockpile could facilitate
the discussion of policy-related issues among the various stakeholders and therefore help to avoid the
types of trade interventions undertaken in 2008. Thus, even if it generates limited (or no) gains to its
members, the stockpiling mechanism might be considered successful as long as it averts welfare losses.
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to unity. Most U-statistics are less than 0.1, which implies that the model’s forecasting
ability is quite good (an exception to this is the bottom panel of table 8, which reports
the out-of-sample forecast, where the out-of-sample component corresponds to the
post-2004 period). In contrast, the covariance proportion for the rice model of the 2005-
12 fitted prices based on the 1960-2004 model is much higher than the other commodi-
ties (0.618, see bottom panel), implying that, while the addition of the post-2004 period
improves the performance of the model for all four commodities, it does not do so for
rice. That finding, combined with the insignificant estimate for the S/U ratio, further
confirms that rice stocks did not play an important role during the recent price boom.

Checking Robustness

To check the model’s robustness, we estimated it as a panel (Pedroni 2004). Table 9 re-
ports a total of four panel estimates: full sample (1960-2012) and shorter sample (1960-
2004) for all five food prices (left-hand two columns) and the three grains (right-hand
two columns). In all four regressions the adjusted-R?s meet or exceed 0.90 while the pa-
rameter estimates for the S/U ratio, oil price, and exchange rate are significantly differ-
ent from zero at the 1 percent level.

The panel regressions, which broadly confirm the results of the individual re-
gressions, offer a useful summary assessment of the relative impact of the key drivers.
First, both the crude oil and the S/U ratio elasticities are highly significant in all regres-
sions, thus further confirming the importance of these two drivers (especially the for-
mer) in determining long term price trends. Second, when the post-2004 observations
are included, the oil price elasticity increases but the S/U ratio elasticity does not. In fact,
the S/U ratio elasticities for the three grains were identical in both regressions (-0.26,
with t-ratios of 4.41 and 5.15). Third, the exchange rate elasticities of all four models
were remarkably similar (around -1.25) and highly significant at the 1 percent level.
Fourth, the impact of interest rates is positive and strong for 1960-2004 but weakens
considerably when the entire sample is used. Fifth, inflation does not seem to matter.
Last, income has either a marginal (albeit negative) or zero impact.

However, based on the unit root statistics, cointegration could not be con-
tirmed —it was rejected by four panel measures (v, o, PP, and ADF) as well as three
group measures (o, PP, and ADF) with all p-values exceeding 0.30. Such rejection is im-
portant for at least two reasons. First, it establishes the presence of significant qualita-
tive and quantitative differences in the way in which food prices respond to fundamen-
tals. Thus, analyses regarding the causes of food price movements—and the accompa-
nied policy recommendations and likely actions—should be undertaken on a commodi-
ty-specific rather than a broad-based approach. To see this, consider the similarities and
differences between maize and rice prices from the individual regressions. Both re-
spond almost identically to oil price changes; yet, maize prices respond strongly to S/U



ratio but not to exchange rate movements, while rice prices do not respond to S/U ratio
but respond strongly to exchange rate movements. Second, from a methodological per-
spective, the rejection of cointegration may lead to the erroneous conclusion that there
is no long-run relationship between food prices and fundamentals whereas such rela-
tionship not only exists but is very strong.

Conclusions and Further Research

This paper uses a reduced-form price-determination model on 1960-2012 annual data of
tive food commodities (maize, wheat, rice, soybeans, and palm oil) to assess the relative
contribution of various factors to their respective price changes. The factors include
crude oil prices on the supply side, stock-to-use ratios, three macroeconomic indicators
(exchange rate movements, interest rates, and inflation), and income on the demand
side. The paper concludes that food commodity prices respond strongly to energy pric-
es, stock-to-use ratios, and (in a mixed manner) to exchange rate movements. With a
few exceptions, interest rates and income growth do not matter. Yet, crude oil prices
mattered the most during the recent boom period because they experienced the largest
increase. In terms of model performance, wheat and maize performed the best, while
rice performed poorly, the latter a likely reflection of the fact that the rice market is sub-
jected to policy distortions the most among the commodities analyzed.

From a methodological perspective, the research presented here can be extended
in a number of ways. By applying the model to other commodities (either food or raw
materials and metals), one could explore whether the drivers discussed here are rele-
vant to these commodities as well. Extending the sample back to the 1950s would give
us enough observations to examine the way in which food prices behaved during a pe-
riod (that is, before 1973) when the macroeconomic fundamentals moved little or did
not move at all. Reconciling the mixed evidence on the food-energy price relationship
during the recent boom could give insights as to whether the expansion of biofuels has
been driven solely by policies or profitability has played a role. Another direction could
entail the use of alternative measures of the key drivers and examining whether they
are associated with significant differences in the elasticity estimates (for example, using
a broad index of currencies instead of the SDR as an exchange rate proxy or a policy
rate instead of a US Treasury Bill as an interest rate proxy). In contrast, the differences
between the limited and full sample models imply that a time-varying parameter (or a
switching regime) model may yield further insights into the nature and timing of com-
modity price booms (and busts) and, perhaps, confirm whether the recent price increas-
es signify a transition from a prolonged period of low or declining prices to a period of
high prices. The role of policies is another important extension that can shed more light
on the undershooting and overshooting observed before 2005 and after 2004 as well as
the poor performance of the rice model. Last, measuring price volatility through the
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lenses of higher-frequency data (for example, monthly or even daily data) and exploit-
ing price comovement across a wide spectrum of commodities are directions where fur-
ther research is warranted, especially in view of the ongoing policy debate surrounding
the causes and consequences of food price volatility.
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Table 1: Stationarity Properties

— —Levels without trend — —  — —Levels with trend——  — —First differences— —
ADF pp ADF pp ADF pp
Prices
Maize -1.06 -0.90 -2.12 -2.17 -6.41*** -6.61***
Wheat -1.40 -1.21 -2.45 -2.43 -5.70%** -6.20%%*
Rice -2.00 -1.87 -2.60 -2.54 -5.64** -6.29%%*
Soybeans -1.14 -1.28 -1.83 -2.29 -6.75%** -6.87%**
Palm oil -0.78 -1.65 -1.52 -2.64 -6.24%* -8.21%%*
Crude oil -0.70 -0.76 -1.59 -1.79 -6.59%** -6.58%**
Macroeconomic variables
MUV -1.55 -1.36 -1.45 -1.08 -3.90%** -3.83%**
Exchange rate -1.47 -0.88 -4.05** -2.92 -5.35%** -5.48***
Interest rate -1.36 -1.45 -1.46 -1.11 -6.66*** -4.61**
GDP -0.65 -0.22 -2.72 -1.48 -3.54** -3.53**
S/U ratios
Maize -1.88 -1.91 -1.22 -1.89 -7.30%%* -7.370%*
Wheat -2.54 -3.92%%* -2.53 -3.89%* -5.88** -10.65%**
Rice -1.66 -2.35 -1.01 -1.26 -3.85%** -5.97%**
Soybeans -3.41** -3.34%* -4.22%%* -3.71% -3.07** -10.25%*
Palm oil -2.98** -2.83* -2.82 -2.58 -9.80*** -10.66***

Source: Authors’ estimates.

Note: All variables are expressed in logarithms. ADF and PP denote the Augmented Dickey-Fuller and
Phillips-Perron statistic for unit roots, respectively (Dickey and Fuller 1979; Phillips and Perron 1988). The
lag length of the ADF statistic was based on the Akaike information criterion (up to 10 lags were al-
lowed), while the spectral estimation for the PP statistics was based on the Bartlett kernel method. GDP =
gross domestic product; MUV = manufacture unit value; S/U = stock-to-use. Significance level of station-
arity: * = 10 percent, ** = 5 percent, *** =1 percent.
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Table 2: Parameter Estimates from Ordinary Least Squares Regressions,

1960-2012
Maize Wheat Rice Soybeans Palm oil
Constant (60 8.21%*+ 5.20%% 6.74 6.69** 10.92**
po (5.92) (3.95) (1.62) (2.04) (2.49)
, L0.61%+ -0.50%+* -0.21 -0.20* -0.39%
Stock-to-Use ratio (S/U1) (5.92) (3.12) (0.81) (2.13) (2.39)
0.23%*+ 0.28%** 0.27%* 0.34%** 0.50%**
/ / OIL
Oil price (P1) (4.89) (6.05) (2.22) (6.42) (5.05)
0.33 -0.86** 2454 1,08+ -1.02
Exchange rate (XR) (1.01) (2.45) (3.88) 2.91) (1.34)
Interest rate (R) 0.16* -0.02 0.31% -0.03 -0.04
: (1.80) (0.22) (2.07) (0.21) (0.25)
054+ -0.12 -0.11 -0.14 0.43
I DP
ncome (GDPy) (3.79) 1.17) (0.48) (0.61) (1.45)
. 0.87%%+ -0.02 -0.42 -0.13 0.12
Manufacture prices (MUV:) (3.34) (0.13) (0.79) (0.70) (0.36)
Adjusted-R? 0.87 0.90 0.73 0.84 0.67
DW 0.88 1.00 0.77 1.14 1.16
ADF 4,08 5,007+ 347 440 417
PP 34T 347 3.50% 440 4164

Source: Authors’ estimates.

Note: The independent variable is the logarithm of the respective price. Heteroskedasticity-consistent
absolute t-statistics are reported in parentheses; they are based on White’s method. DW denotes the Dur-
bin-Watson statistic of serial correlation. Because of data unavailability, the regressions for soybeans and
palm oil begin in 1965. For other notes see table 1. ADF = Augmented Dickey-Fuller (statistic for unit
roots); GDP = gross domestic product; MUV = manufacture unit value; PP = Phillips-Perron (statistic for
unit roots). Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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Table 3: Key Characteristics of Commodity Markets

Maize Wheat Rice Soybeans Palm oil
Global production (million mt), 2011-12 857 674 457 251 49
Global exports (million mt), 2011-12 103 145 37 91 38
Exports as % of production, 2011-12 12.0 21.5 8.1 36.1 77.1
H-index, exports (%), 2010-12 11.9 21.2 15.2 32.0 40.0
H-index, imports (%), 2010-12 2.7 2.9 6.3 41.4 9.3
Price volatility, 1975-2004 54 49 54 54 7.7
Price volatility, 2005-09 8.0 8.3 9.1 6.9 9.4
Price volatility, 2010-12 6.6 8.8 4.4 4.4 52
Global TRI (%), 1965-99 6 12 48 6 na
Global TRI (%), 2000-04 3 4 43 6 na

Source: Authors’ calculations based on data from World Bank, US Department of Agriculture, and An-
derson and others (2009).

Note: ‘'mt’ refers to metric tons. Exports as a share of production is a measure of market thinness. H is the
Herfindahl index of market concentration. Price volatility has been calculated as 100*STDEV([log p(t)) -
log p(t-1)], where STDEV denotes standard deviation, p(t) is the current, and p(t-1) is the lagged monthly
average price of each commodity. Global TRI (Trade Restrictiveness Index) was taken from Anderson and
others (2009, p. 489, Table 12.11).



Table 4: Parameter Estimates from Ordinary Least Squares Regressions,

1960-2004
Maize Wheat Rice Soybeans Palm oil
Constant (60 7.92%%% 4,98+ 3.98 5.49 9.77%
po (8.37) (3.25) (1.23) (1.64) (1.98)
, L0534+ 054+ 0.33* 0.4+ -0.28
Stock-to-Use ratio (S/U1) (6.89) (3.36) (1.73) (2.86) (1.64)
0.13%*+ 0.22%% 0.10 0.23%** 0.40%**
/ / OIL
Oil price (P1) (3.20) (4.19) (0.88) (4.41) 4.11)
0.32 -0.79** .38 -0.90** 113
Exchange rate (XR) (1.20) (2.09) (3.71) (2.58) (1.46)
Interest rate (R) 0.05 0.14* 0.69%+* 0.18 0.16
: (1.06) (1.79) (6.85) (1.31) (0.90)
L0554+ -0.14 -0.04 -0.13 -0.35
I DP
ncome (GDPy) (5.86) (1.09) (0.22) (0.53) (0.97)
. 0.96%** 0.09 -0.14 0.08 -0.16
Manufacture prices (MUV:) (5.24) (0.42) (0.28) (0.33) (0.41)
Adjusted-R? 0.91 0.90 0.83 0.84 0.55
DW 1.50 1.24 1.24 1.41 1.21
ADF 413 4164 5,05+ 470 3.72%
PP 4904 443 4304 4464 3.68%

Source: Authors’ estimates.

Note: The independent variable is the logarithm of the respective price. For other notes see tables 1 and 2.
ADF = Augmented Dickey-Fuller (statistic for unit roots); DW = Durbin-Watson (statistic of serial correla-
tion); GDP = gross domestic product; MUV = manufacture unit value; PP = Phillips-Perron (statistic for
unit roots). Significance level: * = 10 percent, ** = 5 percent, *** =1 percent.
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Table 5: Contribution of Each Driver to Food Price Changes,
1997-2004 to 2005-2012 (percentage changes)

Maize Wheat Rice Soybeans Palm oil
Change in nominal price 90 81 99 77 81
Stock-to-Use ratio (S/Ur1) 22 9 — -3 5
Oil price (PO 52 64 61 77 114
Exchange rate (XR:) — 10 29 13 —
Interest rate (R¢) -4 — -8 — —
Income (GDP) -32 — — — —
Manufacture prices (MUV?) 20 — — — —
SUM 58 83 82 87 119

Source: Authors’ calculations based on table 2 estimates.

Note: The contribution was based on the 1960-2012 model parameter estimates reported in table 2. “ —*
implies that the respective parameter estimate was not significantly different from zero. GDP = gross do-
mestic product; MUV = manufacture unit value.
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Table 6: Parameter Estimates from Ordinary Least Squares Regressions,
1960-2012 (excluding 3 macro variables) and Contribution
to Price Changes (percentage changes)

Maize Wheat Rice Soybeans Palm oil
Parameter estimates
Constant (8) 3.471% 3.42%%* 4.32%** 4.10%** 4.20**
(24.97) (21.63) (19.12) (23.42) (10.74)
-0.30%** -0.55%** -0.26** -0.25%** -0.39%**
Stock-to-Use ratio (S/U1) (3.89) (3.37) (2.46) (3.24) (2.84)
0.27%** 0.25%** 0.27%** 0.28*** 0.36***
Oil price (P2) (10.17) (11.70) (5.76) (11.23) (6.94)
0.23 -0.55%* -1.14% -0.717%%* -0.12
Exchange rate (XR) (0.96) (3.01) (3.92) (3.62) (0.75)
Adjusted-R? 0.85 0.91 0.67 0.85 0.66
DW 0.74 0.98 0.67 1.06 1.01
ADF -3.15** -3.46** -3.32%* -4.13%** -3.41*
PP -3.17** -5.00%** -3.25%* -4.16%** -3.78%**
Contribution to price changes
Change in nominal price 90 81 99 77 81
Stock-to-Use ratio (S/Ur1) 11 9 8 -4 5
Oil price (P:omL) 61 64 48 64 82
Exchange rate (XR:) 3 6 13 8 1
SUM 75 80 69 68 89

Source: Authors’ estimates.

Note: The independent variable is the logarithm of the respective price. Heteroskedasticity-consistent
absolute t-statistics are reported in parentheses; they are based on White’s method. DW denotes the Dur-
bin-Watson statistic of serial correlation. Because of data unavailability, the regressions for soybeans and
palm oil begin in 1965. For other notes see table 1. ADF = Augmented Dickey-Fuller (statistic for unit
roots); PP = Phillips-Perron (statistic for unit roots). Significance level: * = 10 percent, ** = 5 percent, *** =1
percent. Contributions of the lower panel are based on the parameter estimates reported in upper panel.
Numbers may not add up exactly due to rounding.
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Table 7: Comparing Actual to Model-Generated Prices
2005 2006 2007 2008 2009 2010 2011 2012

Maize

Actual ($/mt) 99 122 164 223 166 186 292 280
Fitted ($/mt), 1960-2012 146 150 167 184 158 173 212 207
Difference (%), 1960-2012 48 23 2 -17 -5 -7 -27 -26
Fitted ($/mt), 1960-2004 120 127 140 138 112 120 142 138
Difference (%), 1960-2004 22 5 -15 -38 -32 -36 -51 -51
Wheat

Actual ($/mt) 152 192 255 326 224 224 316 280
Fitted ($/mt), 1960-2012 214 227 256 288 219 213 238 245
Difference (%), 1960-2012 40 18 0 -12 -2 -5 -25 -12
Fitted ($/mt), 1960-2004 193 209 237 249 182 173 192 197
Difference (%), 1960-2004 27 9 -7 -24 -19 -22 -39 -30
Rice

Actual ($/mt) 286 305 326 650 555 489 453 550
Fitted ($/mt), 1960-2012 420 462 512 497 361 366 415 412
Difference (%), 1960-2012 47 52 57 -24 -35 -25 -24 -25
Fitted ($/mt), 1960-2004 352 417 467 366 236 231 256 254
Difference (%), 1960-2004 23 37 43 -44 -58 -53 -53 -54
Soybeans

Actual ($/mt) 275 269 384 523 437 450 541 540
Fitted ($/mt), 1965-2012 351 361 373 444 390 392 432 459
Difference (%), 1965-2012 28 34 -3 -15 -11 -13 -20 -15
Fitted ($/mt), 1965-2004 293 314 322 343 286 280 302 324
Difference (%), 1965-2004 7 17 -16 -33 -34 -38 -44 -40
Palm oil

Actual ($/mt) 422 478 780 949 683 901 1,125 1,125
Fitted ($/mt), 1965-2012 649 670 687 889 699 739 871 883
Difference (%), 1965-2012 54 40 -12 -6 2 -18 -23 -18
Fitted ($/mt), 1965-2004 585 629 650 732 552 576 661 667
Difference (%), 1965-2004 39 32 -17 -23 -19 -36 -41 -38

Source: Authors’ calculations based on table 2 and 4 estimates.

Note: ‘'mt’ refers to metric tons. The first row of each panel denotes the price of the commodity, the loga-
rithm of which is the dependent variable. The second row denotes the fitted price-based full sample
model, and the third row denotes the percentage difference between the actual and fitted prices (based on
the 19602012 sample, generated from the estimates reported in table 2). The fourth and fifth rows report
fitted prices along with their percentage differences from actual prices based on the pre-2005 sample
model (1960-2004, generated from the estimates reported in table 4).
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Table 8: Assessing the Fit of the Models

Maize Wheat Rice Soybeans Palm oil

1960-2012 fitted prices based on the 1960-2012 model

Mean Absolute Percent Error 10.97 10.57 18.34 12.11 20.03

Theil’s Inequality coefficient (U) 0.092 0.075 0.128 0.077 0.116

Covariance proportion of U 0.767 0.921 0.878 0.839 0.829
1960-2004 fitted prices based on the 1960-2012 model

Mean Absolute Percent Error 9.42 9.88 15.14 11.06 19.70

Theil’s Inequality coefficient (U) 0.070 0.067 0.098 0.069 0.123

Covariance proportion of U 0.996 0.994 0.976 0.996 0.907
1960-2004 fitted prices based on the 1960-2004 model

Mean Absolute Percent Error 7.42 9.34 12.16 10.23 18.57

Theil’s Inequality coefficient (U) 0.055 0.062 0.081 0.062 0.120

Covariance proportion of U 0.967 0.985 0.981 0.977 0.817
2005-12 fitted prices based on the 19602012 model (in-sample forecast)

Mean Absolute Percent Error 19.45 14.32 35.94 17.33 21.64

Theil’s Inequality coefficient (U) 0.120 0.085 0.168 0.088 0.106

Covariance proportion of U 0.015 0.358 0.705 0.089 0.179
2005-12 fitted prices based on the 1960-2004 model (out-of-sample forecast)

Mean Absolute Percent Error 31.14 22.11 45.44 28.84 30.51

Theil’s Inequality coefficient (U) 0.257 0.144 0.293 0.208 0.189

Covariance proportion of U 0.069 0.364 0.618 0.127 0.163

Source: Authors’ estimates based on table 2 and 4 estimates.

Note: The Mean Absolute Percent Error (MAPE) is the percentage difference between actual and fitted
price. For example, the value of the MAPE statistic for maize in the in-sample forecast panel, 19.45, is the
average of the absolute values reported in the third row of the maize panel in table 6 (48 percent, 23 per-
cent, 2 percent, 17 percent, -5 percent, =7 percent, 27 percent, and —26 percent. The Theil’s inequality
coefficient (U-statistic) shows how well the fitted prices compare with the actual prices.
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Table 9: Parameter Estimates from Panel Regressions

— — —All 5 commodities— — — — — — —Three grains — — — —
1960-2012 1960-2004 1960-2012 1960-2004
7.08%** 6.37%%* 6.14%*+ 5.64%+
Constant (fo) (6.05) (5.73) (4.51) 4.71)
, -0.22%+ -0.23+ -0.26*** -0.26*
Stock-to-Use ratio (S/Ur1) (5.07) (5.55) (4.41) (5.15)
0.34%%* 0.24%% 0.28%%* 0.18%**
il price (POIL
Oil price (PO (11.23) (7.62) (7.37) (4.98)
1.25%%% 1.20%%* 1.08% 1274
E XR
xchange rate (XRi) (5.60) (.71) (4.52) (5.15)
Interest rate (R) 0.06 0.28%** 0.10* 0.33%**
’ (1.15) (5.51) (1.76) (6.04)
-0.17%* -0.18** -0.15 0.17*
Income (GDPy) (2.04) (2.08) (1.50) (1.78)
. 0.18 -0.03 -0.09 0.04
Manufacture prices (MUV?) (1.63) 027) 0.63) (024)
Adjusted-R? 0.92 0.93 0.90 0.92
DW 0.88 1.08 0.77 0.99

Source: Authors’ estimates.

Note: See table 1. DW = Durbin-Watson (statistic of serial correlation); GDP = gross domestic product;
MUYV = manufacture unit value. Significance level: * = 10 percent, ** = 5 percent, *** = 1 percent.
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Figure 1: Food Price Index, 1960-2012
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Figure 2: Elasticities (Absolute Values)
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Figure 3: Price Indexes (nominal, 2005 = 100)
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