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Comovement and contagion in commodity

markets
Dony Abdul Chalid'* and Rangga Handika?

Abstract: This article investigates comovement and contagions in the commodities
markets. We examine the comovement by analyzing the unconditional correlation
coefficients. We document that commodities tend to partially integrate. We per-
form contagion tests by identifying coexceedances and estimating multinomial logit
to explain the joint occurrence of those coexceedances. We document that com-
modities price changes tend to affect the probability of both positive and negative
coexceedances. Overall, we conclude that there are comovement and contagions
among commodities. However, the degrees of comovement and contagion are
different among commaodities and between positive and negative extreme returns.
The contagion among commodities is asymmetric.

Subjects: Statistics for Business, Finance & Economics; Economics; Finance

Keywords: Commodity markets; Correlation; Comovement; Contagion; Multinomial logit

1. Introduction

There is a tremendous increase in investments in commodity markets. According to Basu and
Miffre (2013), institutional investments in commodity markets have increased from $18 billion in
2003 to $250 billion in 2010. Basak and Pavlova (2016) also document that investments in
commodity futures have increased from $15 billion in 2003 to over $200 billion in 2008. Overall,
we can conclude that commodities markets have transformed into alternative investments
(indeed, this perception is similar to Vivian & Wohar, 2012; Algieri & Leccadito, 2017). These
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phenomena are called the financialization of commodity markets (see also, Tang & Xiong, 2012;
Cheng & Xiong, 2014).

There are at least two thoughtful risk management questions given the financialization of
commodity markets. First, as more investors consider commodities as investments, do commod-
ities integrate? Second, is there any potential diversification benefit by investing among commod-
ities? Those two questions are indeed related. A strong argument explaining the relationship
comes from Elliott et al. (2014). They argue that there is no contagion without integration. This
implies that integration tends to lead contagion. Therefore, a study assessing the degree of
contagion will likely answer whether commodities integrate and possess (or have less) diversifica-
tion benefits. If the commodities integrate, they tend to be more dependent. This dependence
causes high comovement, even contagion, among commaodities; thus, there would be less diversi-
fication benefits at all.

In financial markets, a number of studies investigate financial networks and financial contagion
(see, Ait-Sahalia et al., 2015; Allen & Gale, 2000; Bae et al., 2003; Brusco & Castiglionesi, 2007;
Elliott et al., 2014; Kodres & Pritsker, 2002; Leitner, 2005; Pasquariello, 2007). Financial institutions
tend to have strong dependencies. Thus, it is intuitive to think that a problem in a financial
institution will spread quickly to other financial institutions. Suppose that a bank is suddenly
shut down for any reason. Since a bank generally holds many positions with other banks, other
banks will be affected and could also experience serious trouble. A recent example is the collapse
of Lehman Brothers.

As commodity markets become financialized, the question whether commodities integrate
arises. Contagion and integration are closely related. Therefore, we can infer the integration of
commodity markets by investigating the contagion in commodity markets. Understanding the
degree of contagion in commodity markets is essential because we can explore whether the
diversification benefits exist in commodity markets. This knowledge of diversification benefits is
essential for investors wishing to develop a portfolio containing commodities.

There are a number of studies on contagion in commodity markets (for instance, Algieri &
Leccadito, 2017; Andriosopoulos et al., 2017; Ayadi et al., 2021; Chevallier & Ielpo, 2013; Ferrer
et al,, 2018; Han et al.,, 2015; Ignatieva & Ponomareva, 2017; Ji et al,, 2017; Kang et al., 2017; Malik
& Umar, 2019; Naeem et al., 2020; Nagayev et al., 2016; Nazlioglu et al., 2013; Reboredo et al,,
2014; Yip et al,, 2017; Zainudin & Mohamad, 2021). However, most of these studies investigate the
contagion between commodities and economic variables. None of these studies investigate the
contagion among commaodities. While recent work from Han et al. (2015) and Zhou and Huang
(2020) examine the price link between commodities, their scope is limited to the contagion
between energy and/or agriculture commodities. Chevallier and Ielpo (2013) and Ji et al. (2017)
also exclusively focus on risk spillover rather than price contagion among commodities. Likewise,
recent papers by Adhikari and Putnam (2019), Cai et al. (2019), Nguyen and Prokopczuk (2019),
Yahya et al. (2019), Zhu et al. (2019), and Nguyen et al. (2020) investigate only comovement or
dependence (not contagion) among commodities. Umar et al. (2022) examine comovement (but
not contagion) between commodities with the focus on energy as the leading series. Balcilar et al.
(2021) examine the joint connectedness between oil and other agricultural commodities. This
paper fills the research gap by investigating the contagion among commodities. We analyze both
comovement and contagion (similar but different concepts) in commodity markets using methods
that handle heteroskedasticity bias and resemble the biological definition of contagion.

A simple approach to examine a contagion is calculating the correlation among variables.
However, this method is not sufficiently robust (at least according to Bae et al., 2003). Bae et al.
(2003) argue that it is not appropriate to use correlations to evaluate the different impacts of large
returns. The propagation of large returns is hidden in correlation measures because correlation
gives equal weight to small and large returns. Thus, a few days of large returns might be hidden by
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Table 1. Detailed information on the sixteen sampled financialized commodities

NO Commodity Contract Category

1 Crude Oil (COI) Crude Oil-WTI Spot Energy
Cushing US/BBL

2 Heating Oil (HOI) Heating Oil DEU Exc. Tax | Energy
E/kL

3 Natural Gas (NGA) Natural Gas, West Texas | Energy
US/MMBTU

4 Gold (GOL) Gold Bullion LBM US/Troy | Metal
Ounce

5 Silver (SIL) Silver, Handy&Harman Metal
(NY) US/Troy 0Z

6 Copper (COP) LME-Copper Grade A Cash | Metal
us/MT

7 Platinum (PLA) London Platinum Free Metal
Market $/Troy oz

8 Palladium (PAL) Palladium US/Troy Ounce | Metal

9 Corn (COR) Corn No. 2 Yellow U Grain
S/Bushel

10 Soybeans (SOY) US Soybeans KCty US/BSH | Grain

11 Kansas Wheat (WHE) HRW Wheat K.City Grain
Terminal US/BSH

12 Oats (OAT) Oats, No. 2 Milling Grain
Minneapolis $/Bu

13 Coffee (COF) Coffee-Brazilian (NY) Soft
Cents/lb

14 Cotton (COT) Cotton,1 1/16Str Low - Soft
Midl,Memph S$/Lb

15 Sugar (SUG) Raw Sugar-ISA Daily Price | Soft
c/lb

16 Cocoa (COQ) Cocoa-ICCO Daily Price US | Soft
SIMT

numerous days of small returns. Furthermore, the definition of contagion is not straightforward
(Forbes & Rigobon, 2002), and there were at least 124 empirical studies on financial market
contagion in different journals from 1990 to 2016 (Seth & Panda, 2018). These findings demon-
strate that investigation contagion is not simple. In this article, we perform the contagion in
commodity markets by examining the comovement among commaodities and then utilize the
contagion test. Our methods in examining the comovement closely follow Forbes and Rigobon
(2002) by analyzing the unconditional correlation coefficients and Chan et al. (2007) by comparing
the correlations between within-category and outside-category commodities. Our contagion tests
closely follow Bae et al. (2003) by performing two steps: i) identifying coexceedances (extreme
returns) and ii) performing multinomial logit to explain joint occurrence of those coexceedances.
However, our work is different from theirs since we focus on the contagion among commaodities,
while they focus on the contagion across and within countries.

This paper contributes to the literature by investigating the contagion among commodities.
Assessing the contagion in commodity markets enables us to know not only whether commodities
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integrate but also whether commodities have diversification benefits. If the contagion exists, the
commodities integrate and have less diversification benefits. On the other hand, if the contagion
does not exist, the commodities do not integrate and have diversification benefits by investing
among commodities. The remainder of the paper is organized as follows. Section 2 explains the
data. Section 3 describes the method. Section 4 discusses the empirical results. Section 5
concludes.

2. Data
Our sample includes daily series of sixteen commodity prices. The sixteen commaodities were listed
in Tang and Xiong (2012).

Table 1 describes further details about each commodity used in our sample. We obtained the
data from Datastream. Our sample includes the commodities daily series from 1 January 1999 to
1 November 2017. The starting sample period is inspired by the fact that commodity futures have
emerged as a popular asset class for many financial institutions (Han et al., 2015; Tang & Xiong,
2012). Tang and Xiong (2012) further noted that commodity markets tended to be fragmented
from each other and from outside financial markets before 1999. They also observed that many
institutions considered commaodities as new asset classes after the 1999's equity market shock.
We end our sample in 2017 because we focus on the existence of the long-term impact of
exogenous risks in the commodity markets. Those exogenous risks are clearly identified as
geopolitical and trade policy uncertainties (see, C. Yang et al., 2022).

3. Method

There are a number of contagion and cointegration tests, including Bai et al. (2018), Fry-McKibbin
et al. (2019), and Bai et al. (2018) test deals with the nonlinear causality for multivariate variables,
and Fry-McKibbin et al. (2019) test deals with coskewness, cokurtosis, and covolatility contagions.
Our first focus here is filtering the heteroskedasticity biases in the comovement among commod-
ities. It is not uncommon to find heteroskedasticity in commodity markets (Cavaliere et al., 2015;
Liu & Tang, 2011). An appropriate test to filter such biases is Forbes and Rigobon (2002).
Our second focus here is to examine financial contagion using the contagion test that is inspired
by epidemiology research on contagious diseases. A financial contagion test that is close to the
biological contagion analysis is Bae et al. (2003), who use multinomial logistic analysis.

3.1. Comovement

The first step of our analysis is calculating the correlation among commodities. Calculating the
correlation enables us to examine the linkages among commodities. However, simple correlation
coefficients are conditional on market volatility (Forbes & Rigobon, 2002). Therefore, during a high
volatility period, estimates of correlation coefficients tend to be biased upward. Forbes and
Rigobon (2002) develop a procedure to adjust the bias. Furthermore, Chan et al. (2007) propose
a more robust approach to compare the correlations between within-category and outside-
category commodities.

We follow Forbes and Rigobon (2002) in calculating the adjusted correlation coefficient as
follows

h
d whereas s =2 — 1 (1)

Pa = Axsl=2 Tl 7 ol

where p, refers to the adjusted correlation coefficient, p refers to the unadjusted correlation
coefficient, " denotes the average standard deviation (volatility) of two commodities during
a high variance period, and ¢' denotes the average standard deviation (volatility) of two commod-
ities during a low-variance period. The low-variance period refers to the period of relative market
stability, and the high-variance period refers to the period of market turmoil directly after a shock
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or crisis. Following their definition, we defined the high-variance period as the period from
15 September 2008 to 16 October 2012. The high-variance period reflects the highest observed
volatility in commodity markets (Han et al., 2015). Then, we use t-tests to evaluate whether there
is a significant increase of both unadjusted and adjusted correlation coefficients during the high-
variance period as follows:

Ho: pl < ph Ho: pAl < pAh

AND (2)

Hi: Pl > Ph Hy: PAl > PAh

If both the null hypotheses are not rejected, we conclude that there is no contagion, only
interdependence.

Then, we follow Chan et al. (2007) in comparing the correlations between within-category and
outside-category commodities. First, we calculate the average pairwise correlations between
commodity c’s return and the return on each of the other commaodities of its category (CAT):

Y¢ € CAT, ¢j#Cipgi
PeicAT = N_1 ' 3)

where p; is the time-series correlation between the return on commodity i (ci) and commodity
j (cj), and N denotes the number of commodities in the category. Then, the average pairwise
correlation between commodity i’s return and the return of all other commodities in different
categories is calculated as follows:

E iwciPeic
Dgicar = %Naq (4)

where K denotes the number of all commodities in our sample. We then calculate the average
within-category correlation over all commodities in the sample as follows:

K
Bear = Zi:l’:?c:.CAT (5)

The average correlation between a commodity and other commaodities in different categories is

calculated as follows

K
_ K @,
Dcar = Ziy Cacar K dcar (6)

Finally, similar to the hypotheses in equation (2), we compare the values of and assess the

degree to which the commodity category distinguishes between similar and dissimilar
commodities:

Ho: pear < Pcar

(7)
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Hi: pear > ®car

If the null hypothesis is not rejected, we conclude that there is no comovement difference
between within-category and outside-category commodities.

3.2. Contagion

The second step in our analysis is performing the contagion test. Our contagion test here follows
Bae et al. (2003). First, we identify the extreme returns, i.e., exceedances, of the commodities in
a category. We define the extreme return, or exceedance, as a return either below (above) the 5th
(95t quantile of the commaodity’s return distribution. Note that two exceedances mean one
coexceedances, three exceedances mean 2 coexceedances, and so on. We should note that the
exceedances in terms of extreme positive or negative returns in a particular commodity can be
modeled as a dichotomous variable. However, our analysis investigating the coexceedances to
capture contagion among commodities requires classification as a polychotomous variable.
A popular approach to estimate the probabilities associated with events captured in
a polychotomous variable is the multinomial logistic regression model (Bae et al., 2003).
Equation (8) is our model investigating the contagion among commodities.

1

P(COECO, = X) = —— _
1+3, 1exp (ﬁyRETt.CATy>

(8)

where P(COECO; = X) refers to the X number of coexceedances (in our case, X equals 0, 1, 2 ... m),
R_ETt,CATy denotes the average return of commodities in different categories at time t. Then,
equation (8) is estimated using the following maximum likelihood expression (Hill et al,, 2011;
Greene, 2017):

q m Z N
INL =¥ Y dpxLN(Prob(COECO; = X| ¥, exp(ﬁyRETLCATy))) )
p=1X=0 y=1

where L is the log-likelihood function for a sample of q observations, and d,x refers to an indicator
variable where alternative X occurs at observation p. We follow Kleiber and Zeileis (2008) and
Bilder and Loughin (2015) for the estimation procedure of the multinomial logit model and the
postestimation analysis. Note that if the numbers of coexceedances are only 0 and 1, we use the
logistic regression instead.

4. Empirical results
Table 2 presents the descriptive statistics of daily price changes for the sixteen commodities.

We find that the averages of daily price changes range from 0.0236 percent (cotton) to
0.1970 percent (natural gas). The volatilities of the daily price changes range from 0.0645 (natural
gas) to 0.010 (gold). We can see that natural gas has the highest average return followed by crude
oil, while that for cotton has the lowest. Note that the averages of daily price changes for the
commodities tend to be zero. Regarding risk, as measured in the standard deviation of returns, the
natural gas return also has the highest value followed by heating oil, while that for gold return has
the lowest. This finding implies that gold was the superior investment asset of the six commodities
due to possessing a higher risk reward ratio during the sample period. The skewness and kurtosis
measures demonstrate that all the distributions of returns exhibit fat tails. All of the Jarque-Bera
statistics for returns are positive and statistically significant, indicating non-normalities. Overall,
the descriptive statistics of our sample commodities are similar to other papers on commodities
(for example, Algieri & Leccadito, 2017; Han et al., 2015; Nagayev et al., 2016).

Table 3 presents the estimated conditional (unadjusted) correlation coefficients, whereas
Table 4 presents the estimated unconditional (adjusted—equation (1)) correlation coefficients for
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commodities daily returns. Overall, the conditional correlation coefficients tend to be positive, and
the highest value is noted for the correlation between gold and silver (0.6837) followed by that
between platinum and palladium (0.5865). Likewise, the unconditional correlation coefficients tend
to be positive, and the highest is the correlation between gold and silver (0.6142) followed by that
between platinum and palladium (0.5526). We should note that only those two correlations are
greater than 0.5 for both conditional and unconditional correlations. We also note that there is no
significant difference between conditional and unconditional correlations. These findings indicate
that 1) the dependence among commodities are not so strong and 2) the heteroskedasticity biases
are not so high at least compared with the biases in the stock markets (as observed by Forbes &
Rigobon, 2002).

We argue that the lower biases in commodities are due to the heterogeneity characteristics.

Unlike financial assets, commodities tend to be heterogenous (Ausubel, 2006; Fleurbaey &
Tadenuma, 2007; Pereira et al., 2017) and more independent (Fleurbaey & Tadenuma, 2007). We
should also note that commodities are not only representatives of market relations but also
nonmarket relations (Lapavitsas, 2004). Nonmarket relations do not shrink inexorably, thus redu-
cing the biases. The estimated conditional correlation coefficients for the high-variance (from
15 September 2008 to 16 October 2012) and low-variance (from 4 January 1999 to
12 September 2008 and from 17 October 2012 to 1 November 2017) periods are shown in
Tables 5 and 6, respectively. Table 7 reports the t-values for one-tailed t-tests examining whether
the cross-commodity conditional correlation coefficient during the high-variance period is signifi-
cantly greater than that during the low-variance period (hypotheses in equation (2)).

We can observe several apparent patterns here. First, the significant increase in the conditional
correlation coefficient during the high variance period occurs only in 63 (or 52.5 percent) pairs of
commoadities. This finding implies that financial contagion occurred only to (slightly above) half of
the commodities. This finding also indicates that commodities tend to be resilient assets during
a highly volatile market. We document that commodities have better diversification benefits than
stocks given the following reasons: 1) stock markets experience significant dependences during
global financial crisis (Wang et al., 2017), and 2) commaodities exhibit low synchronization with the
stock market (Pereira et al., 2017). Second, platinum and palladium tend to be the most contagious
commodities because the 13 (out of other 15) other commodities experience significant increase in
the conditional correlation coefficient during the high-variance period when paired with them. The
next contagious commodity is oat (11 out of other 15) followed by corn and cotton (10 out of other
15). Third, natural gas (4 out of other 15), followed by gold and coffee (5 out of other 15), tends to
be the least contagious. We can conclude that 1) commodities tend to partially integrate, 2)
natural gas, gold and coffee are good portfolio diversifiers because they experience few significant
increases in the conditional correlation coefficient, even during highly volatile markets, and 3)
platinum and palladium are bad portfolio diversifiers because they experience many significant
increases in the conditional correlation coefficient during highly volatile markets. There are two
practical implications here. First, as a portfolio manager, I would use different commodities as
diversifiers because commodities are partially integrated. Second, I would add a kind of commod-
ity to our existing portfolio depending on our portfolio’s objectives, whether an aggressive or
conservative strategy.

As noted in our discussion in section 3.1, these contagion tests may be inaccurate due to
heteroskedasticity bias in the correlation coefficient. According to Forbes and Rigobon (2002),
the estimated increases in the conditional correlation coefficient could reflect either an increase
in cross-market linkages and/or increased market volatility. In our analysis, the market refers to
commodity market. To control the heteroskedasticity bias, we repeat our analysis but use the
correction in equation (1) to adjust for the bias. The estimated unconditional correlation coeffi-
cients for the high-variance (from 15 September 2008 to 16 October 2012) and low variance (from
4 January 1999 to 12 September 2008 and from 17 October 2012 to 1 November 2017) periods are
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shown in Tables 8 and 9, respectively. Table 10 reports the t-values for one-tailed t-tests examin-
ing whether the cross-commodity unconditional correlation coefficient during the high-variance
period is significantly greater than that during the low-variance period (hypotheses in equa-
tion (2)).

We observe similar apparent patterns here. First, the significant increase in the conditional
correlation coefficient during the high-variance period occurs only in 60 (or 50 percent) pairs of
commoadities. This finding implies that financial contagion occurred only to (slightly above) half of
the commodities. This finding also indicates that commodities tend to be resilient assets during
highly volatile markets. Our analysis reveals no significant difference between conditional and
unconditional correlation coefficients. This finding implies that the heteroskedasticity bias is not
significant, at least compared with the bias in the stock market. This finding is consistent with our
argument stating that the lower biases in commodities are due to the heterogeneity character-
istics. Second, palladium tends to be the most contagious commaodity because the 13 (out of other
15) other commodities experience significant increases in the unconditional correlation coefficient
during the high variance period when paired together. The next contagious commodity is platinum
(12 out of other 15) followed by oat and cotton (10 out of other 15). Third, natural gas and gold (4
out of other 15) followed by coffee (5 out of other 15) tend to be the least contagious commod-
ities. We can conclude that 1) commodities tend to partially integrate, 2) natural gas, gold and
coffee are good portfolio diversifiers because they experience few significant increases in the
conditional correlation coefficient, even during highly volatile markets, and 3) platinum and
palladium are bad portfolio diversifiers because they experience many significant increases in
the conditional correlation coefficient during highly volatile markets. There are two practical
implications here. First, as a portfolio manager, I would use different commodities as diversifiers
because commodities are partially integrated. Second, I might use a commodity to reduce the
heteroskedasticity bias in our existing stock portfolio.

We can see that the analysis using unconditional correlation coefficients is similar with that of
using conditional correlation coefficients. Overall, we can conclude that 1) commodities tend to
partially integrate, and 2) natural gas, gold and coffee are good portfolio diversifiers, whereas
platinum and palladium are bad portfolio diversifiers. Platinum is not only a bad portfolio diversifier
but also demonstrated a speculative bubble (Emekter et al., 2012). Palladium is similar to platinum
given their similar chemical characteristics (Kotzé et al., 2019; Rane, 2019). Gold is proven as a safe
haven nature because gold protects investors by providing a fall back during harsh investment
periods (Pereira et al., 2017).

Natural gas and coffee are good portfolio diversifiers because they have small net spillover
(Chevallier & Ielpo, 2013). Coffee is also a good portfolio diversifier because it exhibits stationarity
after multiple structural breaks (C. H. Yang et al., 2012).

We then compare the correlations between within-category and outside-category commaodities
using Equations (3), (4), (5), (6) and (7).

Table 11 reports the conditional and unconditional correlations within a category (as expressed
in Equation (3)), outside a category (as expressed in Equation (4)), the average within a category
(as expressed in Equation (5)), the average outside a category (as expressed in Equation (6)), and
the t-values for one-tailed t-tests examining whether the average within category correlation
coefficient is significantly greater than the average outside category correlation coefficient.
There are several patterns according to Table 11. First, almost all metals and grains (silver is the
exception) have higher correlation coefficients within category than outside category correlation
coefficients. Second, on the other hand, all energies have lower within category than outside
category correlation coefficients. Third, regarding softs, coffee and cocoa have lower whereas
cotton and sugar have higher within category than outside category correlation coefficients.
Fourth, although the average within category correlation coefficient is greater than the average
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outside category correlation coefficient, the one-tailed t-tests reveal that the differences are not
statistically significant for both conditional and unconditional correlation coefficients. We can
conclude that 1) metal and grain commodities tend to integrate, whereas energy commodities
do not tend to integrate; 2) the integration of soft commodities is inconclusive; 3) there is no
significant difference of comovement between within a category and outside a category in
commodity markets; 4) (again) the heteroskedasticity bias is not significant for commodities.

Our results in Table 11 can be explained as follows. First, recall that commodities are hetero-
geneous (Ausubel, 2006; Fleurbaey & Tadenuma, 2007; Pereira et al., 2017). Second, metal com-
modities offer much less diversification potential for equity investors (Pereira et al., 2017). Third,
grain commodities have spillover risks (Ji et al., 2017) and the highest directional spillover effects
(Chevallier & Ielpo, 2013). This property of commodities is due to seasonality factors (Pereira et al.,
2017) or is highly dependent on climate (Adhikari & Putnam, 2019). Fourth, both metal and grain
commodities have strong correlations (Cai et al., 2019). Fifth, energy commodities have different
behaviors on spillover effects (Uddin et al., 2018). Sixth, we should note that i) soft commodities
showed no jump comovement and ii) jumps for many soft commodities are even negatively
correlated to Goldman Sachs Commodity Index jumps (Nguyen & Prokopczuk, 2019). Seventh,
our insignificant difference of comovement between within category and outside category com-
modity markets is somewhat significant in light of the results of Adhikari and Putnam (2019) who
also reported statistical insignificance.

The next step is performing a multinomial logit analysis. First, the exceedance and coexcee-
dances were identified as defined in section 3.2. We then estimated a multinomial logit model as
expressed in Equation (8). Recall that if the numbers of coexceedances are only 0 and 1, we use
logistic regression instead. Table 12 reports the multinomial logit (or logit) regression results for
positive coexceedances in the four different commodity categories. According to Table 12, slightly
more covariates (14 out of 27—excluding intercepts) tend to be statistically significant. This finding
demonstrates that the probability of positive coexceedances is somewhat affected by the other
categories price changes in the commodity markets. We can also see that softs tend to be
contagious to metals and grains, metals tend to be contagious to energies, and energies and
grains tend to be contagious to softs. However, energies do not tend to be contagious to grains.

Table 13 reports the multinomial logit (or logit) regression results for negative coexceedances in
the four different commodity categories. According to Table 13, most of the covariates (17 out of
27—excluding intercepts) tend to be statistically significant. This finding demonstrates that the
probability of negative coexceedances is affected by the other categories price changes in the
commodity markets. We can also see that softs tend to be contagious to grains, metals tend to be
contagious to energies, and grains tend to be contagious to softs. However, energies do not tend
to be contagious to grains.

Overall, we document that commodity price changes tend to affect the probability of both
positive and negative coexceedances. We also observe that a positive daily change tends to
increase the probability of positive coexceedances, and a negative daily change tends to increase
the probability of negative coexceedances. This finding indicates that contagion exists in both
directions, i.e., positive and negative extreme events. Therefore, there is a contagion in the
commodity markets. As a portfolio manager, I would need to carefully evaluate the commodities’
diversification benefits and contagion costs as financial instruments. On one side, commodities
bring diversification benefits. On the other side, commodities have contagion effects.

Further analysis based on AIC values and the multinomial (or merely) logit models demonstrate
that the contagion is stronger for negative coexceedances. This finding implies that commodities
tend to be contagious in negative rather than positive extreme returns. This asymmetric contagion
is somewhat similar to that reported by Amonlirdviman and Carvalho (2010). They find that
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correlations are higher in market downturns than in upturns. Furthermore, the asymmetric depen-
dence is also addressed by Hameed et al. (2015) and Malceniece et al. (2019).

5. Conclusion

This article investigates comovement and contagions in the commodities markets. A simple
approach to examine a contagion is calculating the correlation among variables. However, this
method is neither robust nor appropriate. We examine the comovement by analyzing both the
conditional and unconditional correlation coefficients and comparing the correlations between
within-category and outside-category commodities. We perform contagion tests by identifying
coexceedances and estimating multinomial logit to explain joint occurrence of those
coexceedances.

Analyzing both conditional and unconditional (after correcting the heteroskedasticity bias)
correlation coefficients, we find that 1) commodities tend to partially integrate; 2) natural gas,
gold and coffee are good portfolio diversifiers, whereas platinum and palladium are bad portfolio
diversifiers. We also demonstrate that our analysis using unconditional correlation coefficients is
similar with that of using conditional correlation coefficients. This finding implies that the hetero-
skedasticity biases tend to be insignificant in commodity markets, which is different from the
biases in the stock markets.

Comparing the correlations between within-category and outside-category commodities, we
find that 1) metal and grain commodities tend to integrate, whereas energy commodities do not
tend to integrate, 2) the integration of soft commodities is inconclusive, 3) there is no significant
difference between within category and outside category comovement in commodity markets,
and 4) the heteroskedasticity bias is not significant for commaodities.

Estimating the multinomial logit, we find that commodity price changes tend to affect the
probability of both positive and negative coexceedances. We also document that a positive daily
change tends to increase the probability of positive coexceedances, and a negative daily change
tends to increase the probability of negative coexceedances.

Overall, we conclude that there are comovement and contagions among commodities. The
degrees of comovement and contagion however are different among categories and between
positive and negative extreme returns. This difference is due to heterogeneity in commodity
markets. The contagion among commodities is asymmetric and worse during negative extreme
returns. These results suggest that the diversification benefit from commodities market is limited.
Different type of commodity might give a different level of diversification benefit since the
integration level among commaodities are different. The financialization seems to drive the com-
modity markets to be more integrated, thus reduce the diversification benefit.

As a portfolio manager, I would need to carefully evaluate the commodities’ diversification
benefits and contagion costs as financial instruments. On one side, commodities bring diversifica-
tion benefits. On the other side, commodities have contagion effects. This cost-benefit analysis of
commodities could be interesting future research. Our study is limited to the comovement test
focusing only on heteroskedasticity biases control and contagion test focusing on biological
contagion (multinomial logistic analysis). A broad analysis of different focuses can contribute to
the literature by analyzing comovement and contagion using different methods.
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