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Abstract

Significant changes in commodity price dynamics have occurred since 2004, in-
cluding a strong increase in commodity return correlations. What has been the
impact on the uncertainty faced by commodity producers? We answer this ques-
tion through an empirical analysis of the market value of commodity producers’
output, using a sample of 54 countries engaged in the production of 22 commodi-
ties. We find that between 1986 and 2012 commodity output value correlated
strongly with exports and that its volatility was strongly increasing in the degree
of specialization. Between 1986 and 2003, producers specialized in the produc-
tion of two or fewer commodities experienced an average output value volatility of
25.1%, and producers diversified in three or more commodities faced an average
volatility of 14.1%. Average pairwise commodity correlation during this period
was 9%. In the 2004-2012 period average commodity correlation was 29%, leading
to output volatilities of 25.3% and 18.7% for specialized and diversified producers
respectively. We explain this reduction in the benefits of diversification through an
approximate decomposition of national output variance in terms of the Herfindahl
index associated to diversification in production, average commodity volatility and
average commodity correlations.
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This article explores the risk represented by the volatility of commodity output value for

54 commodity producing countries between 1986 and 2012. For these countries, com-

modity output value is a significant fraction of GDP and it is strongly correlated with

exports. Hence, variability in commodity output value is economically significant. We

are motivated by two observations. First, the recent decade has witnessed a large in-

crease in commodity return correlations. Monthly commodity returns, which exhibited

pairwise correlations close to 9% on average between 1986 and 2003, became much more

correlated between 2004 and 2012, when pairwise correlations for returns in agricultural,

mineral, energy and soft commodities were on average close to 29%. The increase in

co-movement during the 2004-2012 period has been associated in the literature with

growing world demand for commodities and global economic activity. This period also

witnessed a strong increase in speculative activity although its impact on co-movement

has found uneven support. In this article we aim to quantify the consequences of such

a stronger co-movement. Second, commodity producers differ strongly in their degree of

diversification. For example, 90% of Russia’s commodity output value is due to oil. By

contrast, commodity output value from Brazil is 50% from oil, 14% from soybeans, and

it also includes significant components in corn, sugar, orange juice and others. Motivated

by these observations we take a portfolio perspective to the uncertainty faced by com-

modity producers and perform an empirical exploration of the volatility of commodity

output value for the cross section of commodity producers and across time. We ask the

following questions. First, a portfolio perspective suggests that diversified commodity

producers should experience lower volatility than specialized producers. How significant

is this effect? Second, a portfolio perspective also suggests that the observed increase

in commodity correlations between 2004 and 2012 should have led to a larger increase

in output volatility for diversified producers than for specialized producers. What is

the magnitude of this effect? Third, is there a simple relationship between the output
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volatility of a commodity producer, its degree of diversification, and overall commodity

market conditions?

We explore these issues empirically on a sample of 54 countries for which the ratio

of commodity output value to GDP exceeds 5%. Our sample includes mostly developing

countries but also a few developed economies such as Australia, Canada and Norway.

For each country we construct measures of national diversification based on the relative

contribution of 22 agricultural, mineral, soft and energy commodities to the dollar value

of national commodity output. We also compute, for each country, the historical time

series of commodity output value using local physical output and contemporaneous global

market prices, and the historical time series of commodity exports. We verify that, at

43% on average, national output value returns were strongly correlated with commodity

export returns. Then, we proceed to explore the interplay between commodity market

dynamics, diversification, and output value risk. Our main findings are as follows.

First, between 1986 and 2003, specialized commodity producers defined as those coun-

tries significantly engaged in the production of two or fewer commodities, experienced

a 25.1% average volatility of output value from price changes. By contrast producers

that were diversified in three or more commodities, faced an average volatility of 14.1%.

Average pairwise commodity correlation during this period was close to 9%. Second, the

gap in volatility between specialized and diversified producers narrowed in 2004-2012 to

6.6%, primarily driven by an increase of the uncertainty faced by diversified producers

to 18.7%. The volatility for specialized producers remained almost constant at 25.3%.

This reduction in the benefits of diversification follows directly from higher pairwise

commodity correlations, averaging 29% between 2004 and 2012. The sizeable increase in

commodity output volatility for diversified producers is economically important because

commodity output contributes a significant fraction of GDP and exports for the coun-

tries in our sample. Third, we find that an approximate theoretical relationship between
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specialization and output variance holds empirically in the cross-section and across time,

with parameters solely determined by the overall level of commodity volatility and aver-

age commodity correlation. This formula is very similar to that used by Giovanni and

Levchenko (2009) for the aggregate variance of manufacturing sectors.

This article is related to several strands of the literature in international and devel-

opment economics as well as on commodity markets. Output volatility is correlated with

GDP volatility and it has long been understood as detrimental for economic performance

in dimensions such as development, growth, investment, inequality and institutional sta-

bility. Works in the extensive literature dealing with these issues include Ramey and

Ramey (1995), Turnovsky and Chattopadhyay (2003) on a negative relationship between

volatility and growth, and Aizenman and Marion (1999) on a negative correlation between

volatility and private investment. More recently, the causes of output volatility have been

explored extensively. Koren and Tenreyro (2007) found that GDP growth volatility is

higher in poor countries due to, among other reasons, their degree of specialization in

manufacturing. Di Giovanni and Levchenko (2009) explored the effect of trade openness

on volatility using industry-level data and, among other findings, identified a positive

relationship between trade, specialization and output volatility. The riskiness of exports,

taking into account specialization effects, was studied by Di Giovanni and Levchenko

(2010). These articles focus on the volatility of manufacturing and non-manufacturing

output but with no detailed focus on the composition and behavior of commodity output.

Our article, by contrast, focuses on the volatility of commodity output value, its rela-

tionship with the underlying structure of production and overall dynamics in the global

commodity markets. The relative contribution of world prices of capital goods and com-

modities to the business cycles of small open economies, including many countries in our

sample, was studied by Kose (2002). The impact of commodity shocks on the devel-

opment and welfare of commodity producers has received attention, including Van der
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Ploeg and Poelhekke (2009), Arezki and Brückner (2012), and Bellemare, Barrett and

Just (2013). The macroeconomic performance of commodity producers is also affected

by commodities prices through their impact on exchange rates (Chen and Rogoff (2003);

Clements and Fry (2008)). The volatility of commodity output value is a first order risk

for commodity producers. The gains associated with hedging against commodity price

volatility at the national level were quantified by Borensztein, Jeanne and Sandri (2013).

There is also a large literature exploring the behavior and determinants of commodity

prices and their co-movement, including Pindyck and Rotemberg (1988), Borensztein and

Reinhart (1994), Frankel (2006) and Ai, Chatrath and Song (2006). Most recent works

on commodity co-movement, including some that cover part of the 2004-2012 period in

their analysis, have found a dominant effect of fundamentals and global economic activity

in explaining correlations (Lescaroux (2009); Casassus, Liu and Tang (2013); Alquist

and Coibion (2014); Myers et al (2014)). Increased financial speculation has also been

prevalent on 2004-2012 but its relationship with correlations has found uneven support

(Tang and Xiong (2012); Janzen, Smith and Carter (2013); Janzen, Carter, Smith and

Adjemian (2014); Basak and Pavlova (2015)). Finally, the effect of concentration of

production on the dynamics of individual commodities, rather than on producers as in

this article, has been explored by Merener (2016) who found that commodities produced

at relatively few locations tend to exhibit higher kurtosis and jumps in their returns.

The article is structured as follows: In section 2 we consider the uncertainty faced by a

commodity producing country and propose a simple decomposition of commodity output

volatility in terms of the degree of diversification of production and average commodity

market dynamics. In section 3 we describe our data on commodities and certain aspects

of commodity price dynamics between 1986 and 2012. In this section we also present our

sample of commodity producers and estimates of their diversification. In section 4 we

present our empirical results on the relationship between diversification and commodity
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output volatility. In this section we discuss the impact of recent changes in commodity

market dynamics on the uncertainty faced by commodity producers. We conclude in

section 5.

A decomposition for output volatility

In this section we present a simple decomposition for the variance of the market value of

a commodities basket, which is to be interpreted as the national output of a commodity

producer. Our immediate goal is to formulate a framework that will guide us later

in our empirical work. The economic issue that we want to explore is the interplay

between specialization in commodity production, global commodity market conditions

and national output volatility.

A country produces N commodities. Commodity i contributes to the value of the

national basket according to the prevailing price of the commodity pi(t) and the size of

national output Qi(t). The value of the basket is

V (t) =
N∑
i=1

Qi(t)pi(t),

and its total return is

r(t) =

∑N
i=1Qi(t+ 1)pi(t+ 1)−

∑N
i=1Qi(t)pi(t)∑N

i=1Qi(t)pi(t)
. (1)

This can be decomposed, leaving aside second order terms, as

r(t) ≈ rprice(t) + rquant(t), (2)

with

rprice(t) =

∑N
i=1Qi(t)(pi(t+ 1)− pi(t))∑N

i=1Qi(t)pi(t)
(3)
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being the contribution to the total return attributed to variation in commodity prices

and

rquant(t) =

∑N
i=1 pi(t)(Qi(t+ 1)−Qi(t))∑N

i=1Qi(t)pi(t)
(4)

being the component of the return in output value attributed to changes in produced

quantities. This attribution is an algebraic decomposition that does not preclude endo-

geneity between global prices and locally produced quantities. Publicly available statistics

about production are typically published yearly and report yearly physical output. In our

first empirical exercise we will compute (3), (4) and their associated empirical variances

using yearly changes in prices and produced quantities. Then, after verifying that (3)

is the dominant contribution to (1) we will focus on the impact of commodity return

dynamics, including correlations, on the variance of rprice(t). In this application we will

choose to take advantage of information with higher frequency. We will use monthly

price changes combined with output data kept fixed for all monthly returns within a

year. Therefore, in this exercise estimates of Qi(t) in (3) will vary yearly but will be kept

constant within each return so that the variability of (3) will be computed from price

changes exclusively. Define

wi =
Qipi(t)∑N
j=1Qjpj(t)

,

so that
∑N

i=1wi = 1. The structure of production of each individual country is given

by a specific set of weights {w1, ..., wN}. A widely used measure of specialization is the

Herfindahl index

H ≡
N∑
i=1

w2
i , (5)

which takes values between 0 and 1. In our application, a large Herfindahl index indicates
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a poorly diversified commodity producer. A related measure of diversification is the

inverse of the Herfindahl index

NEff ≡ 1

H
=

1∑N
i=1w

2
i

, (6)

which is interpreted as the effective number of commodities produced by a country. In

particular, in the equally weighted producer with wi = 1/N it naturally holds that

NEff = N , and NEff = 1 for the fully specialized case of w1 = 1.

We can write the price component of the basket return (3) as

rprice(t) =
N∑
i=1

wiri(t),

where ri(t) is the return of commodity i. Let σ2
basketprices

be the variance of rprice(t), which

can be written in terms of the variances and correlations of individual commodity returns

{σ2
i , ρij} as

σ2
basketprices

=
N∑
i=1

w2
i σ

2
i +

N∑
i=1,j 6=i

wiwjσiσjρij. (7)

Our goal is to characterize (7) in terms of the statistical properties of underlying com-

modity returns and the degree of specialization given by the Herfindahl index H implicit

in {w1, ..., wN}. In order to reduce the dimensionality of the problem it is convenient

to disregard the cross-sectional variation in volatilities and correlations across commodi-

ties and replace them by parameters assumed valid for all commodities. An analogous

symmetry assumption is made by Giovanni and Levchenko (2009) for the volatilities and

correlations of industrial sectors. The validity of this assumption in the context of com-

modities will be justified empirically in later sections. For the construction of average

parameters let
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σworld =
N∑
i=1

wWorld
i σi (8)

be the cross-sectional average of commodity volatilities where each commodity is weighted

according to its contribution to the value of global output. Let

ρworld =
1

N (N − 1)

N∑
i,j=1,j 6=i

ρij (9)

be the average pairwise correlation. The average dynamics of global commodity markets

for a certain time period is then summarized by {σ2
world, ρworld}. These cross-sectional

averages might vary in time reflecting, for instance, periods of heightened volatility such

as the financial crisis of 2008/2009 and higher correlations among commodities between

2004 and 2012.

We are interested in an approximate yet simple decomposition of σ2
basketprices

in terms

of the local structure of production summarized by H and the global dynamics given by

{σ2
world, ρworld}. From (7) it holds that

σ2
basketprices

=
N∑
i=1

w2
i σ

2
i +

N∑
i,j=1,j 6=i

wiwjσiσjρij

≈ σ2
world

N∑
i=1

w2
i + σ2

worldρworld

N∑
i,j=1,j 6=i

wiwj

= σ2
world

N∑
i=1

w2
i + σ2

worldρworld((
N∑
i=1

wi)
2 −

N∑
i=1

w2
i )

= σ2
worldH + σ2

worldρworld(1−H),

and therefore,

σ2
basketprices

≈ σ2
worldρworld +Hσ2

world(1− ρworld). (10)

8



The identity given by (10) has the form derived by Giovanni and Levchenko (2009) for

the relationship between aggregate output variance, specialization and the volatility of

manufacturing sectors. By contrast, our article focuses on the variance of commodity

output value. Several conclusions can be derived from (10).

• The relationship between the variance of commodity output value, the degree of

specialization H of a commodity producer, and average commodity market dynam-

ics given by {σ2
world, ρworld}, is non-linear.

• For fixed {σ2
world, ρworld}, σ2

basketprices
is linear and increasing in H as seen in Figure 1.

The lowest possible value of σ2
basketprices

is σ2
worldρworld at H = 0 which corresponds

to the systematic risk faced by a fully diversified commodity producer engaged in

the production of correlated commodities. The highest possible value of σ2
basketprices

is σ2
world at H = 1 which corresponds to the completely specialized commodity

producer. The slope in the linear relationship between specialization and output

value variance is σ2
world(1− ρworld) and the constant term is σ2

worldρworld.

• Changes in global commodity market conditions represented by {σ2
world, ρworld} im-

ply variations in output value risk. In particular,

∂σ2
basketprices

∂σ2
world

= ρworld +H(1− ρworld),

therefore specialized producers, with higher values of H, are more sensitive than

diversified producers to an increase in commodity volatility and

∂σ2
basketprices

∂ρworld

= σ2
world(1−H),

therefore specialized producers are less sensitive than diversified producers to an

increase in correlations. Both partial derivatives are non-negative. Graphically,
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an increase in the overall degree of commodity co-movement represented by ρworld

leads to an increase in the constant term and decrease in the slope in (10) so that

the output volatility for diversified producers increases by a larger amount than

that of specialized producers.

Data and preliminary results

We consider in this article a sample of 22 commodities that were international in the

scope of their trading and for which there were global price benchmarks during 1986-

2012. Commodity producers were selected for simultaneously being top producers of at

least one commodity in our sample and for the importance of commodities in their GDP.

Commodity dynamics

Except for iron ore, we rely on near term futures prices generally understood to represent

global prices for the commodities in the sample. Iron ore is special because prior to 2010

its price was set up by yearly arrangements between miners and steel producers. Futures

and swaps were virtually non-existent. Therefore, in this case we use the spot price at

the Chinese port of Tianjin, which was widely followed as a benchmark price. On some

occasions and for some countries domestic prices might have differed from the most liquid

futures prices overseas due, for example, to shipping considerations. But even in those

cases local prices were generally strongly correlated with liquid futures prices abroad

and hence it is reasonable to use the latter for the computation of a measure of local

commodity price risk. In addition to iron ore, our sample includes the most important

industrial metals: aluminum, lead, nickel, copper, zinc and tin, traded at the London

Metals Exchange (LME). We also include platinum and palladium, traded at NYMEX.

We work with the price of Brent oil, rather than WTI, as Brent is widely considered to

be more effective in reflecting changes in global aggregate supply and demand. Grains in
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our sample are corn, wheat and soybeans traded at CBOT. Soft commodities are coffee,

cotton, cocoa, sugar and orange juice, currently traded at ICE and at the NYBOT prior to

2007. We also include rubber traded at the Tokyo Commodity Exchange, palm oil traded

at the Bursa Malaysia exchange, rough rice traded at the CBOT and Canola traded at

ICE. For each physical commodity we have selected the exchange where it was most

liquidly traded and the associated price most likely to be seen as a global benchmark.

We do not include electricity or natural gas because they are largely produced and traded

domestically hence not priced in a consistent manner across the globe.

From Datastream we obtained end-of-the-month prices from January 1986 to Decem-

ber 2012. All prices were denominated in US dollars or converted to this currency at

the corresponding exchange rate. Table 1 displays the list of commodities, their venue of

trading, the data sources employed in this article for production and exports data, and

annualized volatility for monthly commodity returns in the periods 1986-1994, 1995-2003,

and 2004-2012. Inspection of table 1 reveals certain regularities. First, volatilities in the

cross-section were of the same order of magnitude, except for iron ore which for most

of our sample period exhibited price changes only once a year. The smallest volatility

recording was 13.0% (aluminum, in the second period) and the largest one was 36.9% (oil,

in the first period). Hence volatilities were relatively close to their cross-sectional means.

Second, cross-sectional volatility averages with commodities weighted according to the

dollar value of their global yearly production, hence overweighting oil, exhibited mild

variation across periods. Tables 2, 3 and 4 display correlations of monthly returns for all

pairs of commodities in our sample. Correlation structures in 1986-1994 and 1995-2003

were similar, with average correlations for each of these periods at slightly less than 10%.

Naturally, commodities closely linked to each other through fundamental production or

consumption relationships showed higher correlations. This is the case, for instance, of

corn and soybeans, which compete for land and are substitutes of each other to some
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degree. On the other hand, metals and agricultural commodities, being unrelated in their

fundamental economics, generally had correlations close to zero between 1986 and 2003.

Pairwise correlations for 2004-2012 were remarkably different. Almost all entries in this

correlation matrix were significantly higher than in earlier periods. The average corre-

lation for the full sample of commodities was 28.5%. Hence, this is in agreement with

Tang and Xiong (2012) in documenting a very strong increase in commodity correlations

since 2004. In this article we make no attempt to identify the multiple causes behind the

increase in commodity return correlations but rather focus of its consequences.

Commodity producers

We gathered production data with yearly frequency for all commodities in table 1. For

aluminum, copper, nickel, tin, zinc, lead, platinum and palladium data were gathered

from reports produced by the United States Geological Survey (USGS)1. Data for oil and

iron ore were obtained from the British Geological Survey (BGS)2. Soybean, wheat, corn,

cotton, coffee, sugar, orange juice, and canola output statistics were collected from the

Foreign Agricultural Service at the United States Department of Agriculture (USDA)3.

Finally, cocoa, palm oil, rubber and rough rice data were obtained from the Food and

Agriculture Organization (FAO) of the United Nations 4. Based on these production

statistics we selected the top 10 producers of each commodity except oil, and the top

15 producers of oil because of the large size of the its physical market in dollar terms

relative to other commodities. We supplemented our production data with yearly GDP

data from the World Bank. Then we computed, for each country, the yearly time series

of commodity output value, defined as

1http://minerals.usgs.gov/minerals/pubs/commodity
2http://www.bgs.ac.uk/
3http://www.fas.usda.gov
4http://www.faostat.fao.org
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N∑
i=1

Productioncountry
i (t)pricei(t). i = 1, ..., Ncommodities

and kept in our sample those countries for which the ratio of commodity output value

to GDP was on average larger than 5% during 1986-2012. The list of selected countries

is in table 5. We also collected exports data from the UN Comtrade database for the

commodity producers in our sample. The availability of yearly exports discriminated by

country and commodity was significantly less reliable than that of output data. Whenever

available we recorded the dollar value of exports associated to the SITC commodity codes

in table 1 and computed for each country the time series of yearly commodity exports

value.

Inspection of table 5 reveals a wide variation in the relative contribution of com-

modities to GDP across the sample. The cross-sectional average contribution to GDP

is close to 20% but values range from just above 5% to values above 50% for several oil

producers. Associated with the yearly production of each country there is a Herfindahl

index and an effective number of commodities in its basket. The degree of specializa-

tion in the production of commodities varies strongly across the sample. Brazil is a well

diversified commodity producer, with low Herfindahl index and an effective number of

commodities equal to 6.2. By contrast, the Herfindahl index of Kuwait and Chile are

very high, as these countries specialize almost exclusively in oil and copper respectively.

For the most part, there is little variation in the Herfindahl indices across time. This

is a consequence of the fact that most countries in our sample produce a selection of

commodities according to their availability as a local natural resource. Some exceptions

to this rule are driven by technological change, as in the case of increasing oil production

in Canada which had an associated Herfindahl index of 0.38 in 1986-1994 and 0.58 in

2004-2012.
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Results

We begin this section estimating the contribution of output value changes attributed to

changes in prices, changes in physical output and their relationship with exports. We then

focus on our main goal, namely a quantification of the interplay between diversification

in production, price correlations and national output volatility.

Output value return components and exports

We focus on the uncertainty faced by commodity producers due to fluctuations in the

value of their output. We compute, for each commodity producer in our sample, yearly

output value returns (as in (1)) and the corresponding volatility. We also decompose

output value returns using (2) into the time series of returns attributed to yearly price

changes (as in (3)) and returns attributed to yearly changes in produced quantities (as

in (4)). We compute their volatilities and the correlation of contemporaneous returns (3)

and (4). This attribution will turn out to be convenient for our purposes but should not

be interpreted as a causal description as there might be endogeneity in the determination

of global prices and locally produced quantities. The sample period is 1986-2012.

Figure 2 displays the volatility of output value associated to the total basket return

(1) as a function of the degree of concentration measured by the Herfindahl index for all

the countries in our sample except Kuwait. A strong increasing trend is evident, so that

more concentrated producers tend to experience significantly higher volatility of output

value. This pattern will be explored quantitatively in the next section. Results in table

6 show that the volatility associated with output value returns was 32.6% on average

and that the volatility attributed to changes in global prices was 29.1%. Inspection of

table 6 shows that except for Kuwait, Rwanda South Africa, Ukraine and Zimbabwe,

output value return volatility is close in magnitude to the volatility computed from price
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changes while keeping physical output constant within each year. Rwanda and Kuwait

are exceptions probably because they suffered very severe disruptions in physical output

due to armed conflict, and Zimbabwe has experienced very severe economic and political

mismanagement since 1980. In these cases, fluctuations in local physical production had

a dominant effect in the variability of output value. In most other countries, fluctua-

tions attributed to global price chances explain the bulk of output value volatility. As

mentioned earlier, we are not claiming that global price changes are fully exogenous and

hence the cause of output value fluctuations. However, we plan to use the large rela-

tive contribution of price changes in the variance of output value to motivate a higher

frequency estimate of variance. In order to explore the time variation of output value

volatility due to the increase in commodity correlations during the last decade we would

like to construct a high frequency measure for (1) and its associated volatility. This, how-

ever, is not feasible because output data is published yearly. Instead, we will compute

volatility estimates for returns of the form (3) using physical output data with yearly

frequency and price data with monthly frequency. Based on the remarks made above,

these volatility estimates from price changes will be used as approximate estimates for

the volatility of output value.

Results displayed in table 6 also show that, for those countries where commodity

exports data were available in at least 20 years within the 1986-2012 period, the corre-

lation between output value and export fluctuations was on average 43%, and positive

in most cases. Hence, the uncertainty associated to output value fluctuations is strongly

associated with the variability in commodity exports. Figure 3 displays the correlation

between output and export fluctuations as a function of GDP. Large commodity pro-

ducers, including China, Brazil, Russia, Mexico, Canada and Australia exhibit large and

positive correlations between output value and export fluctuations. These countries are

perhaps employing a smaller fraction of their own output in local consumption than
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smaller countries do, because the latter might lack economies of scale to engage in global

trade.

Diversification, correlations and output volatility

In order to study the effect of commodity co-movement on output value risk we compute

the variance of output value returns due to monthly price changes as in (3) while keeping

produced quantities fixed within each year. We do this for the 54 countries in our

sample and three periods of equal length: 1986-1994, 1995-2003 and 2004-2012. We

also read from table 5 the corresponding Herfindahl index for each country and period.

Then, motivated by (10), we estimate a relationship between output value variance and

specialization in commodity production measured by the Herfindahl index

BasketV ariancek = β1Herfindahlk + β2
CommodityProd

GDP k
+ β3

GDP

WorldGDP k

+β4OilProdk + Const+ εk (11)

on the cross-section of commodity producers. We run a separate regression for each of

the three time periods in order to explore the effect of diversification under different

global market conditions. The specification (11) postulates a linear relationship between

Herfindahl and output value variance as in (10) but also includes several controls for

other plausible determinants of output variance. These are: the relative importance of

the commodity sector relative to GDP, the size of the domestic economy relative the

world’s, and whether the commodity producer focuses on oil (the OilProd variable is 1 if

oil contributes to 75% or more of domestic commodity output value). Estimation results

are presented in the second, fourth and sixth columns of the bottom panel in table 7.

The empirical effect of specialization in commodity output variance is positive and very

strongly significant for the three periods under consideration. The effects of controls
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are not consistently significant. Therefore, specialized producers face significantly higher

uncertainty than diversified producers, and we can provide a precise quantitative measure

of this gap. The R-squared coefficients are not lower than 0.7. This empirical verification

of the positive impact of specialization on output value risk does not require the symmetry

assumption about volatilities and correlations used to derive (10). However, we are also

interested in exploring to what extent the simplified description in (10) represents the risk

faced by commodity producers. In the third, fifth and last columns of the bottom panel in

table 7 we present the estimates for the slope and constant terms in (10) computed using

the estimates of σworld and ρworld for each period, namely (8) and (9), reported already as

averages in tables 1 to 4. These mean estimates represent average conditions prevailing

in the commodity markets in each period. Remarkably, slope and constant estimates

based on average market conditions and the assumptions leading to (10) are very close to

the coefficients estimated through OLS for all periods. In particular, the large increase in

commodity return correlations during 2004-2012 is evident in the sizeable constant term

for this period.

Further understanding of the risks faced by different producers is gained by inspection

of Figures 4, 5 and 6. Here we choose to display the percentage volatility of output value

due to price changes as a function of the effective number of commodities produced

by each country. This a simple but convenient transformation of the main variables

used for the analysis in table 7. Representing annual volatility rather than variance, and

effective number of commodities rather than the Herfindahl index, facilitates an economic

interpretation. However, the relationship between these variables is no longer close to

linear. Figures 4 and 5 show very similar behaviour, with diversified producers facing

significantly lower volatility than specialized producers. Volatility for well diversified

producers was as low as 10% between 1986 and 2003. This situation changed in the 2004-

2012 period with a strong increase in the basket volatility faced by diversified producers,
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which was in this case not lower than 15%. Such a change was primarily due to the

increase in commodity correlations.

Numerical estimates of this effect are provided in table 8. The average output volatil-

ity for specialized producers, defined as those with effectively producing 2 or less com-

modities, had a mild increase from 23.6% to 25.3% from 1995-2003 to 2004-2012. How-

ever, diversified producers suffered a volatility increase from 13.6% to 18.7% in the com-

parison between 1995-2003 to 2004-2012. Hence the increase in uncertainty for diversified

producers was roughly three times larger in absolute terms than that suffered by special-

ized producers. In relative terms the difference is even starker as the risk for specialized

producers increased almost negligibly while that of diversified producers increased by

38%. Extending the observation period to 1986 similar conclusions apply. Volatility for

specialized producers remained essentially unchanged, at 25.1% between 1986 and 2003,

and 25.3% in 2004-2012. Risk for diversified producers increased from 14.2% between

1986 and 2003 to 18.7% in 2004-2012. Some cases merit special attention. Members

of the Organization of Petroleum Exporting Countries (OPEC) in our sample (Angola,

Ecuador, Iran, Kuwait, Libya, Nigeria, Saudi Arabia, UAE and Venezuela) had an aver-

age output volatility of 29.4% in 1986-2003 and 28.3% in 2004-2012, hence a very mild

variation in uncertainty.

Our findings are economically significant in their cross-sectional and time dimensions.

The average ratio of commodity output value to GDP for the countries in our sample is

close to 21%. Therefore, the reported variations in risk associated to commodities sug-

gest significant variations in GDP volatility. In addition, as pointed out earlier, exports

correlate strongly with output value fluctuations. Some observers (Lescaroux (2009),

Erten and Ocampo (2013)) have pointed out that commodity dynamics, including corre-

lations might have cyclical components. This observation is complementary to ours and

it would suggest that the relative increase in uncertainty suffered by diversified producers
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in 2004-2012 might revert in the future.

In summary, the benefit in risk reduction due to diversification in the production of

commodities was large but variable between 1986 and 2012, with a significant reduction

in the 2004-2012 period due to an increase in correlations among commodities. The

variations in risk faced by producers, which are in principle dependent on the statistical

properties of the specific commodities in each national basket, were well approximated

by (10).

Dynamics during the financial crisis

We turn our attention now to the volatility of national output value around the finan-

cial crisis of 2007-2009. We break the period from January 1st, 2004 to December 31st,

2012 into three intervals of equal length: 2004 to 2006, 2007 to 2009, and 2010 to 2012.

Our purpose is to gauge to what extent the output value dynamics was explained by

diversification and global market conditions during the very high volatility period expe-

rienced in all asset markets in 2007-2009. We repeat the exercise of the previous section

and estimate (11) on the cross section of commodity producers. We also compare its

results with the empirical coefficients for the simple approximation given by (10). Our

results are presented in table 9. As it was the case in the previous section, the degree of

specialization is strongly significant in explaining the cross-sectional variation in output

volatility. Moreover, the time variation of the coefficients estimated through OLS for the

Herfindahl index and constant term largely follow the time variation in the coefficients

from the approximate model. The match is not as close as in table 7, perhaps due to

the much lower R-squared in the 2010-2012 period. The periods immediately before and

after the crisis were characterized by average commodity return volatility relatively lower

(22.4% and 25.8%) than that experienced at the cusp of the crisis (36.3%). Average com-

modity correlation exhibited time variation with a strong peak 37.8% between 2007 and
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2009. This led to the highest constant term among all OLS regressions in tables 7 and 9.

Conclusions

We have studied the determinants and behavior of output value risk faced by 54 pro-

ducers of 22 agricultural, mineral and energy commodities between 1986 and 2012. We

report four findings. First, the volatility of national output value for commodity pro-

ducers, taking into account both price and physical output changes between 1986 and

2012, was strongly increasing as a function of the degree of specialization in production.

Furthermore, fluctuations in output value exhibited strongly positive correlation with

fluctuations in exports. Therefore, concentrated producers suffered significantly higher

levels of risk. Second, between 1986 and 2003, specialized commodity producers, essen-

tially engaged in the production of two or fewer commodities, experienced an average

volatility of output value of 25.1%. During the same period, producers diversified in three

or more commodities experienced an average volatility of 14.1%. Average pairwise com-

modity correlation during this period was close to 9%. Third, the benefit of diversification

reduced strongly in 2004-2012, primarily due to higher pairwise commodity correlations

averaging 29%. During this period, the average volatility faced by specialized producers

remained close to 25.3% but that of diversified producers increased to 18.7%. The large

increase in commodity output volatility for diversified producers is economically impor-

tant because commodities contribute a significant portion of GDP and exports for the

countries in our sample. Finally, national output variance due to price changes is well

characterized empirically, both in the cross-section of producers and across time, by a

theoretical approximation of output value variance in terms of the degree of diversifi-

cation of local commodity production, world average commodity volatility and average

commodity return correlation. The findings in this article should be relevant to local
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policy makers in charge of managing natural resources and related industries. We find

clear but variable benefits to diversification. These findings should be of interest as well

to global investors and multilateral organizations with exposure to local macroeconomic

risk.
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Commodity Production data Exports data Price data Volatility
SITC code 86-94 95-03 04-12

Aluminum USGS 684 LME 0.296 0.130 0.206
Lead USGS 685 LME 0.255 0.161 0.326
Nickel USGS 683 LME 0.341 0.231 0.339
Copper USGS 682 LME 0.235 0.168 0.288

Zinc USGS 686 LME 0.230 0.161 0.280
Tin USGS 687 LME 0.188 0.142 0.268

Oil Brent BGS 331 NYMEX 0.369 0.301 0.295
Platinum USGS 681 NYMEX 0.172 0.165 0.219
Palladium USGS 681 NYMEX 0.182 0.318 0.284
Soybeans USDA 2214 CBOT 0.172 0.178 0.246

Wheat USDA 041 CBOT 0.187 0.205 0.300
Corn USDA 044 CBOT 0.221 0.196 0.280
Coffee USDA 071 NYBOT 0.364 0.309 0.236
Cotton USDA 263 NYBOT 0.275 0.229 0.289
Cocoa FAO 072 NYBOT 0.236 0.234 0.211
Sugar USDA 0611 NYBOT 0.323 0.257 0.323

Orange juice USDA – NYBOT 0.288 0.203 0.270
Palm oil FAO 4222 BME 0.293 0.357 0.243
Rubber FAO 2311 TCE 0.137 0.209 0.277
Canola USDA – ICE 0.184 0.154 0.217

Rough rice FAO 0421 CBOT 0.356 0.216 0.231
Iron ore BGS 281 Tianjin 0.089 0.046 0.408

Average by World Prod. 0.309 0.261 0.288

Table 1: Sample of commodities. Data sources and annualized volatilities for monthly
returns
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Aluminum Lead Nickel Copper Zinc Tin Oil Brent Platinum Palladium Soybeans Wheat
Lead 0.16
Nickel 0.31 0.32
Copper 0.14 0.37 0.40

Zinc 0.12 0.34 0.40 0.24
Tin 0.20 0.21 0.08 0.07 0.14

Oil Brent 0.15 0.01 0.10 0.10 -0.08 0.11
Platinum 0.17 0.13 0.22 0.12 0.06 -0.07 0.09 1.00
Palladium 0.12 0.08 0.16 0.01 0.05 0.09 0.02 0.65
Soybeans 0.39 0.07 0.13 0.14 0.18 0.08 -0.01 0.13 0.09
Wheat 0.06 -0.06 -0.07 0.04 0.09 -0.05 -0.20 0.04 0.08 0.28
Corn 0.20 0.06 0.10 -0.02 0.23 0.06 -0.28 0.06 0.04 0.73 0.45
Coffee 0.10 0.15 0.07 0.18 -0.03 -0.16 0.06 0.13 0.19 0.11 0.04
Cotton 0.10 0.27 0.16 0.14 0.11 0.25 -0.12 0.09 0.02 0.17 -0.02
Cocoa -0.10 0.15 0.07 0.19 0.17 -0.16 -0.05 0.13 0.00 0.04 -0.01
Sugar -0.01 -0.04 0.08 -0.02 0.26 0.15 -0.02 0.02 0.01 0.20 0.10

Orange juice -0.04 0.03 -0.14 0.01 -0.09 0.15 -0.05 0.01 -0.01 0.07 -0.05
Palm oil 0.16 0.04 0.04 0.22 0.16 0.16 -0.03 -0.04 -0.05 0.27 0.26
Rubber 0.19 -0.06 0.08 -0.06 0.24 0.11 0.04 -0.05 0.02 0.12 0.06
Canola 0.36 0.08 0.18 0.17 0.23 0.14 -0.02 0.07 0.02 0.79 0.36

Rough rice 0.01 -0.04 -0.10 -0.14 -0.07 0.09 -0.24 -0.11 0.06 0.15 0.26
Iron ore -0.21 0.07 -0.02 -0.05 0.18 -0.18 -0.10 0.01 -0.04 -0.02 -0.03

Continued
Corn Coffee Cotton Cocoa Sugar Orange J. Palm oil Rubber Canola Rice

Coffee 0.02
Cotton 0.19 -0.20
Cocoa 0.00 0.24 0.00
Sugar 0.27 -0.08 0.02 0.07

Orange juice 0.16 -0.04 -0.06 -0.02 0.14
Palm oil 0.24 -0.04 0.17 -0.06 0.34 0.09
Rubber 0.12 0.16 -0.05 0.00 0.28 0.02 0.39
Canola 0.71 -0.02 0.30 -0.07 0.25 0.06 0.40 0.16

Rough rice 0.30 0.00 0.01 0.04 0.17 0.13 0.10 0.00 0.17
Iron ore 0.04 0.04 0.03 0.20 0.00 0.10 -0.03 -0.05 -0.03 0.11

Average pairwise correlation in this period is 0.095.

Table 2: Correlations of monthly commodity returns. 1986-1994
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Aluminum Lead Nickel Copper Zinc Tin Oil Brent Platinum Palladium Soybeans Wheat
Lead 0.33
Nickel 0.50 0.32
Copper 0.62 0.38 0.51

Zinc 0.44 0.50 0.44 0.41
Tin 0.36 0.35 0.49 0.42 0.29

Oil Brent 0.27 0.02 0.27 0.19 0.13 0.08
Platinum 0.33 0.16 0.29 0.26 0.21 0.24 0.19
Palladium 0.26 0.00 0.20 0.07 0.09 0.04 0.16 0.55
Soybeans 0.05 0.09 0.25 0.17 -0.01 0.13 -0.02 -0.06 -0.06
Wheat 0.15 0.09 0.14 0.12 0.01 0.07 0.05 -0.02 0.02 0.35
Corn -0.04 0.03 0.10 -0.05 -0.10 -0.03 -0.08 -0.14 0.04 0.56 0.63
Coffee 0.21 0.00 0.28 0.13 0.24 0.20 -0.07 0.15 0.11 0.06 0.04
Cotton 0.05 0.15 0.10 0.19 0.16 0.16 0.10 0.12 0.12 0.31 -0.03
Cocoa -0.01 0.07 -0.09 -0.04 0.00 0.00 0.01 0.00 0.00 -0.07 0.18
Sugar 0.07 -0.04 -0.11 -0.07 0.00 -0.07 0.03 0.20 0.13 -0.01 0.04

Orange juice -0.12 -0.05 -0.12 -0.20 -0.19 -0.07 -0.13 -0.06 0.01 0.16 0.16
Palm oil -0.08 0.09 -0.08 -0.04 -0.08 -0.09 -0.18 -0.14 -0.06 0.24 0.03
Rubber -0.11 0.07 0.06 0.05 0.01 0.14 0.10 -0.03 -0.18 0.30 0.04
Canola -0.07 0.02 0.03 -0.02 -0.16 0.01 -0.19 -0.18 -0.11 0.69 0.36

Rough rice -0.03 -0.02 0.06 0.12 -0.11 0.23 -0.04 0.03 -0.07 0.22 0.10
Iron ore -0.02 0.11 -0.08 -0.04 -0.02 -0.04 0.00 -0.02 -0.12 -0.06 -0.01

Continued
Corn Coffee Cotton Cocoa Sugar Orange J. Palm oil Rubber Canola Rice

Coffee 0.06
Cotton 0.12 -0.03
Cocoa 0.14 0.04 -0.01
Sugar -0.11 0.08 0.02 0.20

Orange juice 0.19 0.07 -0.03 0.02 0.06
Palm oil 0.13 0.01 0.07 -0.02 0.04 0.18
Rubber 0.16 -0.05 0.31 0.18 -0.06 0.03 -0.17
Canola 0.49 0.02 0.17 0.06 0.03 0.24 0.34 0.21

Rough rice 0.09 -0.01 0.18 -0.05 -0.03 -0.16 -0.05 0.20 0.17
Iron ore 0.01 0.11 -0.01 0.15 0.16 -0.04 -0.02 0.08 -0.02 0.03

Average pairwise correlation in this period is 0.086.

Table 3: Correlations of monthly commodity returns. 1995-2003

26



Aluminum Lead Nickel Copper Zinc Tin Oil Brent Platinum Palladium Soybeans Wheat
Lead 0.53
Nickel 0.58 0.45
Copper 0.71 0.57 0.59

Zinc 0.66 0.58 0.59 0.73
Tin 0.61 0.44 0.52 0.50 0.44

Oil Brent 0.53 0.33 0.40 0.59 0.37 0.52
Platinum 0.54 0.38 0.46 0.65 0.48 0.46 0.49
Palladium 0.64 0.39 0.42 0.61 0.49 0.51 0.38 0.73
Soybeans 0.31 0.20 0.22 0.29 0.20 0.36 0.35 0.44 0.41
Wheat 0.19 0.26 0.15 0.25 0.21 0.21 0.16 0.22 0.17 0.55
Corn 0.29 0.09 0.19 0.22 0.25 0.38 0.27 0.33 0.27 0.71 0.59
Coffee 0.28 0.33 0.21 0.21 0.31 0.24 0.19 0.25 0.19 0.42 0.44
Cotton 0.27 0.22 0.18 0.22 0.19 0.30 0.32 0.26 0.28 0.33 0.28
Cocoa 0.26 0.15 0.25 0.25 0.18 0.22 0.27 0.44 0.24 0.27 0.24
Sugar 0.31 0.28 0.11 0.31 0.29 0.22 0.17 0.18 0.29 0.16 0.17

Orange juice 0.36 0.11 0.26 0.27 0.34 0.21 0.18 0.20 0.30 0.13 0.09
Palm oil 0.25 0.23 0.21 0.39 0.29 0.26 0.34 0.51 0.45 0.57 0.32
Rubber 0.23 -0.01 0.06 0.25 0.02 0.21 0.30 0.23 0.26 0.06 -0.03
Canola 0.44 0.35 0.32 0.46 0.34 0.45 0.43 0.62 0.55 0.81 0.49

Rough rice 0.24 0.15 0.14 0.23 0.22 0.32 0.14 0.25 0.22 0.39 0.20
Iron ore 0.08 0.02 -0.01 0.01 -0.02 0.08 -0.05 0.06 0.03 0.09 0.13

Continued
Corn Coffee Cotton Cocoa Sugar Orange J. Palm oil Rubber Canola Rough Rice

Coffee 0.40
Cotton 0.31 0.38
Cocoa 0.22 0.22 0.25
Sugar 0.12 0.26 0.18 0.17 1.00

Orange juice 0.18 0.22 0.26 0.04 0.27
Palm oil 0.40 0.31 0.41 0.20 0.09 0.21
Rubber 0.06 0.00 0.24 0.18 0.08 0.08 0.12
Canola 0.56 0.40 0.38 0.29 0.19 0.20 0.65 0.09

Rough rice 0.41 0.17 0.17 0.15 0.11 -0.01 0.25 0.21 0.26
Iron ore 0.09 0.16 0.01 0.14 -0.02 0.01 0.06 0.09 0.06 0.08

Average pairwise correlation in this period is 0.285.

Table 4: Correlations of monthly commodity returns. 2004-2012
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Country % Commodity % GDP Herf. Herf. Herf. Herf. Eff. N
GDP World GDP 86-94 95-03 04-12 86-12 86-12

Angola (ANG) 71 % 0.07 % 0.90 0.92 0.96 0.93 1.08
Argentina (ARG) 10 % 0.63 % 0.32 0.31 0.34 0.32 3.09
Australia (AUS) 6 % 1.47 % 0.21 0.15 0.26 0.21 4.83
Bahrain (BAH) 15 % 0.03 % 0.60 0.56 0.52 0.56 1.79

Bangladesh (BAN) 9 % 0.15 % 0.65 0.87 0.89 0.80 1.24
Bolivia (BOL) 10 % 0.03 % 0.21 0.20 0.21 0.20 4.89

Botswana (BOT) 6 % 0.02 % 0.59 0.61 0.52 0.57 1.74
Brazil (BRL) 10 % 2.05 % 0.13 0.15 0.21 0.16 6.19

Cameroon (CAM) 24 % 0.04 % 0.37 0.27 0.28 0.31 3.26
Canada (CAN) 7 % 2.43 % 0.38 0.40 0.58 0.45 2.21

Chile (CHL) 14 % 0.23 % 0.74 0.83 0.87 0.82 1.23
China (CHN) 13 % 4.95 % 0.21 0.17 0.19 0.19 5.23

Colombia (COL) 13 % 0.33 % 0.31 0.32 0.51 0.38 2.63
Costa Rica (CRI) 8 % 0.05 % 0.49 0.49 0.59 0.52 1.91
Ivory Coast (IVY) 35 % 0.04 % 0.29 0.32 0.36 0.33 3.07
Congo D.R. (CDR) 21 % 0.04 % 0.29 0.47 0.55 0.44 2.28

Dominican R. (DOM) 5 % 0.06 % 0.27 0.23 0.20 0.23 4.31
Ecuador (ECU) 23 % 0.11 % 0.50 0.48 0.65 0.54 1.84
Egypt (EGY) 19 % 0.26 % 0.62 0.53 0.60 0.59 1.71

El Salvador (SAL) 5 % 0.04 % 0.63 0.47 0.34 0.48 2.08
Ethiopia (ETH) 10 % 0.05 % 0.49 0.38 0.29 0.39 2.59
Ghana (GHA) 16 % 0.03 % 0.37 0.34 0.38 0.36 2.76

Guatemala (GUA) 9 % 0.06 % 0.43 0.32 0.29 0.35 2.90
Honduras (HON) 21 % 0.02 % 0.34 0.44 0.53 0.44 2.30

India (IND) 10 % 1.42 % 0.22 0.21 0.18 0.20 4.95
Indonesia (INDO) 31 % 0.78 % 0.36 0.36 0.51 0.41 2.43

Iran (IRA) 33 % 0.66 % 0.86 0.83 0.86 0.85 1.18
Kazakhstan (KAZ) 10 % 0.11 % 0.32 0.30 0.29 0.31 3.22

Kuwait (KUW) 62 % 0.15 % 1.00 1.00 1.00 1.00 1.00
Liberia (LIB) 81 % 0.00 % 0.52 0.58 0.40 0.50 1.99
Libya (LYB) 62 % 0.07 % 1.00 1.00 1.00 1.00 1.00

Malaysia (MAL) 61 % 0.30 % 0.56 0.73 0.75 0.68 1.47
Mexico (MEX) 12 % 1.70 % 0.68 0.70 0.77 0.72 1.40
Nigeria (NIG) 61 % 0.27 % 0.68 0.60 0.70 0.66 1.51

Norway (NOR) 16 % 0.55 % 0.85 0.89 0.93 0.89 1.13
Pakistan (PAK) 10 % 0.24 % 0.35 0.29 0.27 0.30 3.32

Papua N.G. (PNG) 43 % 0.02 % 0.33 0.50 0.61 0.48 2.07
Paraguay (PAR) 16 % 0.03 % 0.34 0.47 0.50 0.44 2.28

Peru (PER) 14 % 0.17 % 0.24 0.17 0.21 0.21 4.87
Philippines (PHI) 5 % 0.26 % 0.22 0.29 0.27 0.26 3.84

Russia (RUS) 23 % 1.32 % 0.57 0.66 0.78 0.67 1.49
Rwanda (RWA) 5 % 0.01 % 0.51 0.27 0.26 0.35 2.87

Saudi Arabia (SAR) 52 % 0.71 % 0.99 0.99 1.00 0.99 1.01
South Africa (SAF) 5 % 0.49 % 0.18 0.21 0.22 0.20 4.95

Thailand (THA) 8 % 0.42 % 0.20 0.26 0.27 0.25 4.07
Turkmenistan (TUR) 14 % 0.02 % 0.73 0.60 0.45 0.59 1.69

Uganda (UGA) 13 % 0.02 % 0.72 0.48 0.31 0.50 1.98
Ukraine (UKR) 9 % 0.14 % 0.31 0.31 0.29 0.30 3.29

UAE (UAE) 32 % 0.34 % 0.97 0.95 0.95 0.96 1.05
Uzbekistan (UZB) 16 % 0.04 % 0.69 0.57 0.41 0.55 1.79
Venezuela (VEN) 40 % 0.35 % 0.86 0.86 0.92 0.88 1.14
Vietnam (VIE) 16 % 0.12 % 0.51 0.57 0.43 0.50 1.99
Zambia (ZAM) 28 % 0.02 % 0.68 0.64 0.62 0.64 1.55

Zimbabwe (ZIM) 10 % 0.03 % 0.23 0.18 0.17 0.19 5.23
Average 21% 0.4% 0.50 0.49 0.51 0.50 2.64

Std. Error 2.6% 0.1% 0.03 0.03 0.04 0.03 0.20

Table 5: Sample of commodity producers. Output value to GDP ratio, local GDP to
world GDP ratio, and measures of specialization of production for selected time periods
(Herfindahl index and effective number of commodities produced locally)
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Volatility Volatility Volatility Correlation Correlation
output value ret. price ret. physical output ret. price/output output value/exports

Angola 0.408 0.390 0.110 0.024
Argentina 0.234 0.220 0.099 -0.077 0.473
Australia 0.182 0.182 0.061 -0.156 0.582
Bahrain 0.257 0.249 0.087 -0.077 0.467

Bangladesh 0.397 0.417 0.052 -0.448
Bolivia 0.233 0.203 0.089 0.140 0.549

Botswana 0.528 0.500 0.149 0.043
Brazil 0.180 0.161 0.056 0.195 0.700

Cameroon 0.250 0.233 0.074 0.080 0.195
Canada 0.272 0.279 0.028 -0.320 0.762
Chile 0.379 0.386 0.062 -0.185 0.641
China 0.195 0.184 0.035 0.238 0.359

Colombia 0.254 0.255 0.078 -0.161 0.517
Costa Rica 0.296 0.319 0.054 -0.499 0.662
Ivory Coast 0.222 0.239 0.071 -0.377 0.195
Congo D.R. 0.349 0.328 0.109 0.028

Dominican R. 0.278 0.265 0.098 -0.043 -0.189
Ecuador 0.279 0.266 0.120 -0.112 0.382
Egypt 0.295 0.290 0.036 0.055 0.400

El Salvador 0.291 0.265 0.114 0.028 0.693
Ethiopia 0.253 0.224 0.086 0.175 0.508
Ghana 0.180 0.215 0.099 -0.555 -0.078

Guatemala 0.245 0.247 0.067 -0.170 0.517
Honduras 0.301 0.295 0.077 -0.042 0.709

India 0.212 0.204 0.049 0.051 0.201
Indonesia 0.251 0.233 0.050 0.259 0.429

Iran 0.379 0.384 0.062 -0.149
Kazakhstan 0.243 0.215 0.178 -0.243

Kuwait 1.035 0.430 0.981 -0.089 -0.091
Liberia 0.347 0.292 0.165 0.083
Libya 0.451 0.429 0.157 -0.040

Malaysia 0.318 0.345 0.060 -0.527 0.510
Mexico 0.359 0.363 0.037 -0.164 0.527
Nigeria 0.289 0.288 0.054 -0.069 0.297
Norway 0.396 0.403 0.089 -0.191 0.567
Pakistan 0.209 0.212 0.065 -0.192 0.355

Papua N.G. 0.322 0.341 0.072 -0.361
Paraguay 0.355 0.205 0.214 0.433 0.358

Peru 0.265 0.268 0.056 -0.150 0.674
Philippines 0.259 0.242 0.087 0.029 0.293

Russia 0.383 0.373 0.053 0.114 0.793
Rwanda 0.636 0.264 0.590 -0.042

Saudi Arabia 0.395 0.428 0.130 -0.396 0.598
South Africa 0.298 0.179 0.271 -0.172

Thailand 0.229 0.245 0.080 -0.348 0.372
Turkmenistan 0.329 0.287 0.233 -0.210

Uganda 0.304 0.253 0.172 -0.016 0.059
Ukraine 0.303 0.179 0.234 0.058 0.410

UAE 0.412 0.418 0.110 -0.193
Uzbekistan 0.291 0.284 0.057 0.008
Venezuela 0.369 0.393 0.060 -0.451 0.355
Vietnam 0.346 0.361 0.047 -0.382 0.121
Zambia 0.399 0.371 0.112 0.108 0.776

Zimbabwe 0.445 0.227 0.384 -0.007 0.568
Average 0.326 0.291 0.126 -0.101 0.430

Std. Error 0.018 0.011 0.021 0.029 0.038

Table 6: Output value volatility, volatility from price changes, volatility from physical
output changes and correlations between price and physical output returns. Also shown,
the correlation between output value and export returns. Yearly data, 1986-2012.
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Robust OLS estimation results of the relationship between the variance of commodity output value, specialization
represented by the Herfindahl index, and controls,

BasketV ariancek = β1Herfindahlk + β2
CommodityProd

GDP k
+ β3

GDP

WorldGDP k
+ β4OilProdk + Const+ εk.

OLS results are compared with empirical estimates of the slope and constant coefficients in the approximate
relationship between output variance and the Herfindahl index derived in section 3:

σ2
basketprices ≈ σ2

worldρworld +Herfindahl σ2
world(1 − ρworld).

Basket variance computed on monthly returns due to price changes as in (3), between 1986 and 1994, 1995 and
2003, and 2004 to 2012. σworld and ρworld computed on monthly commodity returns. Sample: 54 commodity
producers in Table 5 and 22 commodities in Table 1. By *, ** and *** we indicate statistical significance at the
10%, 5% and 1% levels.

86-94 95-03 04-12
σworld 0.309 0.261 0.288
ρworld 0.095 0.086 0.285
Slope 0.087 0.062 0.059

Constant 0.009 0.006 0.024

86-94 86-94 95-03 95-03 04-12 04-12
OLS Approx. OLS Approx. OLS Approx.

Herfindahl 0.115∗∗∗ 0.087 0.055∗∗∗ 0.062 0.054∗∗∗ 0.059
(0.021) (0.015) (0.012)

CommodityProd
GDP

-0.037∗∗ 0.026∗∗ -0.015
(0.015) (0.012) (0.008)

GDP
WorldGDP

-0.42 -0.08 -0.09
(0.38) (0.23) (0.06)

Oil producer 0.012 0.014∗ 0.015∗∗∗

(0.011) (0.007) (0.005)
Constant -0.001 0.009 0.005 0.006 0.023∗∗∗ 0.024

(0.007) (0.005) (0.003)
Sample size 53 54 54
R-squared 0.70 0.74 0.80

Table 7: Empirical estimates of the effect of specialization in commodity production and
controls on the variance of commodity output value
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1986-1994 1995-2003 2004-2012
Specialized producers

Effective number of commodities ≤ 2
Mean basket volatility 0.265 0.236 0.253

Standard error (0.013) (0.012) (0.007)
Number of countries 26 23 27

Diversified producers
Effective number of commodities ≥ 3

Mean basket volatility 0.147 0.136 0.187
Standard error (0.008) (0.008) (0.004)

Number of countries 17 20 19

Table 8: Empirical estimates of output value volatility for specialized and diversified
producers
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Robust OLS estimation results of the relationship between the variance of commodity output value, specialization
represented by the Herfindahl index, and controls,

BasketV ariancek = β1Herfindahlk + β2
CommodityProd

GDP k
+ β3

GDP

WorldGDP k
+ β4OilProdk + Const+ εk.

OLS results are compared with empirical estimates of the slope and constant coefficients in the approximate
relationship between output variance and the Herfindahl index derived in section 3:

σ2
basketprices ≈ σ2

worldρworld +Herfindahl σ2
world(1 − ρworld).

Basket variance computed on monthly returns due to price changes as in (3), between 2004 and 2006, 2007 and
2009, and 2010 to 2012. σworld and ρworld computed on monthly commodity returns. Sample: 54 commodity
producers in Table 5 and 22 commodities in Table 1. By *, ** and *** we indicate statistical significance at the
10%, 5% and 1% levels.

04-06 07-09 10-12
σworld 0.224 0.363 0.258
ρworld 0.149 0.378 0.289
Slope 0.087 0.062 0.059

Constant 0.009 0.006 0.024

04-06 04-06 07-09 07-09 10-12 10-12
OLS Approx. OLS Approx. OLS Approx.

Herfindahl 0.045∗∗∗ 0.043 0.095∗∗∗ 0.082 0.021∗∗∗ 0.047
(0.009) (0.028) (0.006)

CommodityProd
GDP

-0.018∗∗ -0.005 -0.014∗∗

(0.008) (0.017) (0.005)
GDP

WorldGDP
-0.11 0.06 -0.21∗∗∗

(0.08) (0.09) (0.08)
Oil producer 0.018∗∗∗ 0.029∗∗ -0.002

(0.005) (0.011) (0.002)
Constant 0.014∗∗∗ 0.007 0.030∗∗∗ 0.050 0.027∗∗∗ 0.019

(0.003) (0.008) (0.003)
Sample size 54 54 54
R-squared 0.79 0.80 0.21

Table 9: Empirical estimates of the effect of specialization in commodity production and
controls on the variance of commodity output value

32



Figure 1: Approximate variance of output value attributed to commodity price changes
as a function of specialization in production
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Figure 2: Output value volatility and Herfindahl index. Based on yearly changes in prices
and produced quantities, 1986-2012
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Figure 3: Correlation between output value and export returns, and GDP. Based on
yearly returns, 1986-2012
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Figure 4: Volatility of output value attributed to price changes and effective number of
commodities produced locally. Based on monthly returns for 1986-1994
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Figure 5: Volatility of output value attributed to price changes and effective number of
commodities produced locally. Based on monthly returns for 1995-2003
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Figure 6: Volatility of output value attributed to price changes and effective number of
commodities produced locally. Based on monthly returns for 2004-2012
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