%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

'.) Check for updates

The Australian Journal of

Agricultural and

Resource Economics
Australian Journal of Agricultural and Resource Economics, 65, pp. 704-728

On the joint volatility dynamics in international
dairy commodity markets*

Anthony N. Rezitis ® and Gregor Kastner ®'

The present study investigates the price (co)volatility of four dairy commodities—skim
milk powder, whole milk powder, butter, and cheddar cheese—in three major dairy
markets. It uses a multivariate factor stochastic volatility model for estimating the
time-varying covariance and correlation matrices by imposing a low-dimensional
latent dynamic factor structure. The empirical results support four factors represent-
ing the European Union and Oceania dairy sectors as well as the milk powder
markets. Factor volatilities and marginal posterior volatilities of each dairy
commodity increase after the 2006/07 global (food) crisis, which also coincides with
the free trade agreements enacted from 2007 onward and EU and US liberalization
policy changes. The model-implied correlation matrices show increasing dependence
during the second half of 2006, throughout the first half of 2007, as well as during 2008
and 2014, which can be attributed to various regional agricultural dairy policies.
Furthermore, in-sample value at risk measures (VaRs and CoVaRs) are provided for
each dairy commodity under consideration.

Key words: multivariate statistics, dynamic correlation, dynamic covariance, factor
stochastic volatility, free trade agreements, global food crisis, globalization.
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1. Introduction

Over the past two decades, the international dairy commodity market has
experienced episodic periods of extreme price volatility combined with
periods of comparative price stability. In particular since 2007, regional dairy
markets in the EU, the United States, and Oceania have become interrelated
and dairy has evolved into a global market (Fousekis et al. 2017; Fousekis &
Trachanas, 2016; Newton, 2016). Dairy prices are inherently volatile due to
the perishable nature of milk, seasonal production, and a combination of an
inelastic demand with unanticipated variation in supply caused by factors
such as weather and disease. Thus, even small shifts in supply can cause very
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large changes in price. Furthermore, price volatility is affected by bilateral
and multilateral trade agreements and government dairy policy changes
enacted around 2007/08. Dairy price volatility in the world market has an
impact on virtually all national markets. The size and the speed of this
impact, however, may vary (IFCN-The Dairy Research Network, 2017).

Rapid dairy price rises and falls since 2007 have increased interest in dairy
price volatility, and nowadays, price volatility constitutes an important area
for empirical research in the agricultural economics literature (e.g., Bergmann
et al. 2016; Briggs et al. 2011; O’Connor & Keane, 2011). Price volatility is a
directionless measure of the extent of the variability of a price. Moderate
price variation is desirable for providing price signals that reflect changing
market conditions and thus facilitate efficient use of resources. However,
extreme price volatility is undesirable with many negative consequences. For
example, extremely high prices cause product substitution, which might
eventually become irreversible, whereas extremely low prices result in
financial losses, which might result in insolvency.

Changes in supply conditions in significant milk-producing and milk-
exporting regions (such as the EU, the United States, and New Zealand) and
demand conditions in the main importing regions (such as China, Russia, and
Southeast Asia) have impacted dairy commodity prices over the last 20 years.
In 2007, world dairy prices increased substantially for skim milk (SMP) and
whole milk powder (WMP), respectively, and for the three regions under
scrutiny, that is, the EU, Oceania, and the United States. This was due to
factors related to dairy production, consumption, stocks, trade, and govern-
ment policies. In particular, in 2007, there was a reduction in supply from the
main exporting regions combined with an increase in demand from developing
economies in South-East Asia, the Middle East, and North Africa. The
reduction in supply was due to adverse weather conditions in Australia,
Argentina, and Uruguay and a higher production cost because of increasing
fertilizer prices and cattle feed cost (Briggs et al. 2011). Furthermore, recent
changes in US energy policies, such as the 2007 Energy Independence and
Security Act and the 2009 American Recovery and Reinvestment Act, have
included many provisions for conservation with grants and tax incentives for
both renewable and non-renewable energy, which have also contributed to
worldwide price volatility. In this context, bilateral and multilateral trade
agreements as well as government dairy policy changes, enacted around 2007/
08, have sought to liberalize the dairy sector by eliminating trade barriers and
facilitating trade. Thus, a more globalized dairy market might have exacer-
bated dairy price volatility where the price range for SMP, WMP, butter, and
cheese expanded after 2007/08 and for the three regions under study (Fousekis
et al. 2017; Fousekis & Grigoriadis, 2016a, 2016b; Fousekis & Trachanas,
2016; Newton, 2016; O’Connor et al. 2009).

The present paper explicitly examines co-volatility price linkages in
international dairy markets using a multivariate factor stochastic volatility
model, while most of the recent literature investigates price co-movements in
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international dairy markets without explicitly exploring price volatility
relations. In other words, the literature’s focal point lies on the co-
movement (and transmission) of price levels or changes instead of volatility,
as opposed to the present paper, in which volatility transmission is modeled
and examined explicitly. For example, Fousekis and Trachanas (2016)
investigate price linkages in SMP for the three major exporters (the EU,
Oceania, and the United States) using a nonlinear autoregressive distributed
lag model; Fousekis and Grigoriadis (2016a) study price co-movements in the
main SMP-producing regions (the EU, Oceania, and the United States) using
wavelet analysis; Fousekis and Grigoriadis (2016b) examine price dependence
in the international butter markets using the copula and wavelet method-
ologies; Fousekis et al. (2017) assess the integration of the international SMP
market by examining the price relations among the three main producing
regions (the EU, Oceania, and the United States), applying nonparametric
and time-varying copulas; and Rezitis and Rokopanos (2019) examine the
impact of trade liberalization on butter and WMP price co-movements
between the EU, Oceania, and the United States using R-vine copulas.

The study by Rezitis and Rokopanos (2019) provides a discussion of
regional dairy policies, mainly in the EU and the United States, and a
summary of the various trade agreements around the world. These are
considered as some of the main causes of international dairy price volatility
changes, apart from some natural factors, such as the seasonality of milk
production, the perishability of the milk commodity, the inelastic demand,
diseases, and adverse weather conditions. More specifically, the EU dairy
sector underwent various policy reforms, such as the 2003 Common
Agricultural Policy (CAP) that decreased the dairy intervention prices and
introduced the Single Payment Scheme (SPS); and the 2008 CAP Health
Check that gradually increased the milk quotas until their final abolition in
April 2015. Furthermore, the 2008 Farm Act of the US Dairy Product Price
Support Program specified support prices for purchased dairy commodities
instead of milk prices; and the 2014 Farm Act abolished subsidy on US dairy
exports, since US dairy exports were significantly increasing from 2004
onward. Among the various trade agreements are the trade agreement
between China and New Zealand in October 2008; the EU and India, Korea,
and the ASEAN countries in April 2007; and the North American Free Trade
Agreement (NAFTA) in January 2008; and the Central America Free Trade
Agreement (CAFTA) in March 2007. It is worth mentioning that in 2008
Fonterra established Global Dairy Trade delivering electronic auctions (twice
a month) in internationally traded dairy commodities like WMP and butter
allowing sellers from Europe, North America, Oceania, and India to associate
with registered international bidders and thus providing an efficient way for
price discovery (Rezitis & Rokopanos, 2019).

The aim of this article is to analyze the price volatility of four dairy
commodities—skim milk powder, whole milk powder, butter, and cheddar
cheese—in three significant regional markets—the EU, Oceania, and the
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United States—for the period from January 20, 2001, to May 13, 2017. These
dairy commodities determine international dairy prices as the regions
included constitute the leading players of the international dairy market.
Our study contributes to the existing literature because—to the best of our
knowledge—it is the first to employ a multivariate factor SV model, whereas
previous studies mainly used multivariate generalized autoregressive condi-
tionally heteroscedastic (GARCH) models. There are several advantages to
using the multivariate factor SV approach. First, it reduces the high-
dimensional data (i.e., 12 international dairy prices) to a lower dimensionality
by estimating a small number of latent factors (i.e., 4 factors), which are
themselves able to exhibit heteroscedasticity. For this reason, the present
paper is able to analyze more dairy products than previous studies (e.g.,
Fousekis et al. 2017; Rezitis & Rokopanos, 2019, among others). Second,
these factors can be interpreted as the main driving forces of the international
dairy market, being allowed to display volatility clustering and time-varying
volatilities. Third, the SV factor model is simple, flexible, and robust. Last,
the present study may be of interest to dairy industry participants,
researchers, and policymakers because it provides a visualization of price
volatilities of all dairy commodities under investigation; it shows the
proportion of variance of each dairy price, which is explained by the
common factors; it provides cross-volatility correlations between dairy prices;
and it supplies model-implied value at risk (VaR and CoVaR) measures at
5% and 1% levels for each dairy commodity.

The GARCH class of models embodies a prominent way of modeling the
evolution of volatility deterministically (Bollerslev, 1986); Engle, 1982;
alternatively, it is often appropriate to treat volatility itself as a random
quantity and consequently model it stochastically. This can be achieved via a
state-space model where the logarithms of the squared volatilities (i.e., the
latent states) follow an autoregressive (AR) process of order one (Taylor,
1982). The approach later became known as the SV model, and through time,
it has been investigated in numerous studies. Early seminal works in this
regard include Jacquier et al. (1994) and Kim et al. (1998). For a recent
empirical comparison of GARCH and SV in the context of modeling
agricultural commodity prices, see Yang and Hamori (2018).

In the multivariate case, the GARCH framework presents a large number
of parameters, which are difficult to estimate because of the complicated
constraints imposed on those parameters. Simpler versions of multivariate
GARCH, such as Bollerslev (1990), assume that the conditional correlations
between the series are constant and thus are not able to model certain
complexities of the data properly. On the other hand, multivariate SV models
along the lines of Harvey et al. (1994), Jacquier et al. (1994), Ghysels et al.
(1996), Kim et al. (1998), Aguilar and West (2000), or Chib et al. (2006) have
oftentimes proven to adequately capture multivariate volatility dynamics
without being over-parameterized.
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Previous studies in commodity price volatility have mainly used the
GARCH approach in examining volatility relations and persistence rather
than the SV approach of the present study. For example, the study by Buguk
et al. (2003) tested univariate volatility spillovers for prices in the US catfish
supply chain; Apergis and Rezitis (2003) investigated agricultural price
volatility spillover effects in Greece; Yang et al. (2001) studied agricultural
liberalization policy and commodity price volatility; Gilbert and Morgan
(2010) discussed food price volatility with a special focus on rice; Jacks et al.
(2011) investigated commodity price volatility and world market integration;
Serra and Gil (2013) studied US corn price fluctuations; Ji and Fan (2012)
analyzed the effect of oil price volatility on non-energy commodity markets;
Gardebroek and Hernandez (2013) examined volatility transmission between
US oil, ethanol, and corn markets; Wang et al. (2014) investigated the
responses of agricultural commodity prices to oil price changes; Cabrera and
Schulz (2016) investigated linkages between energy and agricultural com-
modity prices; Hernandez et al. (2014) examined the dynamics of volatility
across major global exchanges for corn, wheat, and soybeans in the United
States, Europe, and Asia; Li et al. (2017) investigated regime-dependent
agricultural commodity price volatilities; and Bohl and Sulewski (2019)
studied the impact of long—short speculators on the volatility of agricultural
commodity futures prices, among others.

The main advantage of the multivariate factor SV model used in the
present article is its parsimony. Because variances and covariances are
determined by a low-dimensional common factor with the components
following independent SV models, even higher-dimensional covariances can
be modeled efficiently and without relying on too many parameters. The
factor SV model achieves a combination of simplicity, flexibility, and
robustness. Simplicity is obtained by reducing the potentially high-
dimensional observation space to a lower-dimensional orthogonal latent
factor space, in a similar way as in the classic factor model case. Flexibility is
achieved by allowing these factors to display volatility clustering. Robustness
is reached because idiosyncratic deviations are themselves stochastic volatility
processes, thus permitting for the degree of volatility co-movement to be
time-varying. For the study at hand, we use a recently developed method for
Bayesian inference (Kastner et al. 2017), which combines an efficient method
for estimating univariate SV models (Kastner & Frituhwirth-Schnatter, 2014)
with a standard Gibbs sampler for regression problems. This method also
uses interweaving strategies (Yu & Meng, 2011), and thus, it achieves a
quicker convergence and better mixing of the Markov chain Monte Carlo
(MCMC) method.

The remainder of the article is structured as follows. In Section 2, the
factor SV model is introduced, some of its key properties are discussed, and
the Bayesian estimation methodology is described. Section 3 focuses on the
data and discusses some important descriptive statistics. The empirical
findings are reported in Section 4. Finally, Section 5 concludes.
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2. Model specification and estimation

We first introduce the factor SV model in Section 2.1, followed by
Section 2.2, which discusses the prior choices. Finally, Section 2.3 briefly
discusses the estimation methodology.

2.1 The factor stochastic volatility model

The two main ingredients that comprise the dynamic covariance model used
in this study are, on the one hand, the univariate SV model, and, on the other
hand, the factor model. Observing m time series y;, where i=1, ---, m and
t=1, ---, T, we first fix the number of latent factors r and consequently specify
m+r conditionally independent univariate SV models. More concretely, for
i=1,m+r, let

hit:,”i_(bi(hi,f*l _ﬂi)+6i’7it’ 77iz~=/‘/(0a 1), (1)

denote latent AR(1) processes driving the time dynamics of both factor log
variances as well as residual (idiosyncratic) log variances. The parameter
w;ER is the level, ¢, €(—1, 1) the persistence, and 6;ER™ the volatility of log
variance h; = (hj, hy, -+, hi7). Furthermore, stack these—nonlinearly, to
guarantee positivity—into the following two diagonal matrices:

Ul — Diag(ehll’ .-, ehml)’ V[ — Diag(eherlJ, ., ehnH/‘,)‘). (2)
Finally, define the r-dimensional latent factors,
ffNJ‘/‘r(Oa Vt)7 (3)

and combine these with factor loadings A€R™*" to model the data through
an m-variate conditionally Gaussian distribution,

yt=Afz+€z, SzNJ‘/n1(Oa Uz)- 4)

The initial distribution of the latent log variances is given through
hig ~ N (u;, 6%/ (1 —¢?)), meaning that each /o is assumed to come from the
stationary distribution of (1). To identify the scale of the factors, we set u; =0
for i>m (Kastner et al. 2017, for details).

Some comments are in order. First, the model defined in (1) to (4) implies
that the observations—after integrating out the latent factors—have mean
zero and covariance matrix

T, =A,V,A' +U,. ®)

As V;and Ujare diagonal matrices, the dependence structure of the data is
solely driven through the factor volatilities in ¥, and the factor loadings in A,
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710 A. N. Rezitis and G. Kastner

whereas the idiosyncratic volatilities in U;model (temporary) deviations
therof. These diagonality assumptions are essential in the context of factor
models to guarantee sparsity of the covariance matrix representation (5),
which can be rewritten in terms of dynamic loadings X, = A,V,A’ +U,. with
A= AV,l and imply that the factors are a priori uncorrelated.’

Second, note that the only observables in this model are the data y, whereas
all other latent variables and parameters are to be estimated. Third, the
ordering and the sign of the factors is not likelihood-identified, which means
that these cannot be inferred from the data. In what follows, we chose an
arbitrary ordering of the factors and assume that the largest loading on each
factor is positive.

2.2 Prior specification

Our approach to estimation is Bayesian, which means that prior distributions
have to be specified for all parameters. Concerning the level of the log
variances, we use a standard uninformative Gaussian prior u; ~ .4"(0, 100) for
i=1, -, m. In order to bound the persistence to the interval (—1, 1), we use a
beta prior on an affine transformation of ¢, that is, % ~ %(20, 1.5) for
i=1, .-, m+r. This specific choice shifts prior mass close to 1, which
translates to persistent log variances (cf. Kim et al. 1998). For the volatility of
log variance, we use a gamma prior. 67 ~%(1/2,1/2) for i=1, -, m+r,
which is equivalent to stipulating a standard normal prior on +o;. This choice
—as opposed to the traditionally more commonly employed inverse gamma
prior—does not bound away o; from zero (see Frithwirth-Schnatter &
Wagner, 2010; Kastner & Friithwirth-Schnatter, 2014, for a more elaborate
discussion of this issue). We note that for the analysis at hand, this elicitation
exhibits only minor inferential influence and the posterior proves to be quite
stable when the prior hyperparameters are varied. The priors for the
parameters are visualized in Figure 3 in Section 4.1. Finally, for the factor
loadings matrix, we employ standard normal priors independently for each
element of A. We also experimented with alternative (shrinkage) prior
specifications for A such as those discussed in Kastner (2019) leading to
qualitatively similar results. Overall, we note that the results in Section 4
appear to be quite robust to the prior hyperparameter choices.

' For possible generalizations, we point toward Bai and Ng (2002) for an exposition to
approximate factor models where: U, need not be diagonal and to Zhou et al. (2014) for a
model featuring correlated factors.

2 Note that these assumptions do not restrict the likelihood nor do they matter for the
estimated and predicted (co-)volatilities. They are, however, relevant for interpreting the latent
factors and their loadings.
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2.3 Posterior inference

Estimation itself is carried out via the R (R Core Team, 2021) package
factorstochvol (Hosszejni & Kastner, 2021). This software collection imple-
ments the MCMC algorithm of Kastner et al. (2017), which uses several
ancillarity-sufficiency interweaving strategies (ASIS, Yu & Meng, 2011) to
ensure convergence and appropriate mixing of the Markov chain. For
posterior inference, we use 100000 MCMC draws after a burn-in of 50000
(which we discard). To avoid excessive computer memory usage, we
furthermore thin the retained draws with a factor of 100. To conclude, the
posterior samples are checked for convergence by visually investigating
traceplots of the Markov chains and computing effective sample sizes for all
quantities of interest through the R package coda (Plummer et al. 2006).

Concerning order and sign identification of the factors and their loadings,
we choose not to impose any restrictions such as the commonly employed
lower-unitriangular factor loadings matrix (e.g., Aguilar & West, 2000; Chib
et al. 2006; Han, 2006; Zhou et al. 2014) instead “let the data speak.” To this
end, we run the MCMC chain on an unrestricted loadings space and identify
signs through post-processing where we require the highest loading on each
factor to have positive sign.

3. Data

Price data on four dairy commodities, that is, skim milk powder, whole milk
powder, butter, and cheddar cheese, in three regions, namely the EU, Oceania
(New Zealand and Australia), and the United States, have been obtained
from the databases of the Dairy Marketing and Risk Management Program/
University of Wisconsin and are collected from the Dairy Market News of
USDA/AMS. Price data are measured in dollars per metric ton, and the time
period considered ranges from January 6, 2001, to May 13, 2017. The data set
contains m=12 (all of which are available for this time frame) bi-weekly
dairy prices (i.e., prices of four dairy commodities in three regions) on 426
dates. For further analysis, we thus use 7=425 demeaned log dairy price
changes (i.e., log returns which have been shifted by a constant to have
unconditional mean zero). Figure 1 provides plots of prices and log returns.

The four major exporters of dairy products (i.e., SMP, WMP, Butter, and
Cheese) in the period 2013-2015 are Oceania with a share of about 38% (i.e.,
New Zealand with about 32% and Australia with about 6%), the European
Union (31%), and the United States (12%).

Based on Table 1, the leading SMP exporters are the EU-28, which
accounts for about 33.6% of the total world exports, Oceania with about
28.3%, and the United States with approximately 26% of the total exports.
SMP is extensively used in the food industries and for recombination with
butter oil and other fat products. It is an important product for low-income
countries and for countries with insufficient fresh milk production like China.
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° Price levels (logarithmic scale) and de-meaned percentage log returns
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Figure 1 Bi-weekly prices and returns of skim milk powder (SMP, top 3 panels), whole milk
powder (WMP, panels 4-6), butter (BUT, panels 7-9), and cheddar cheese (CHE, bottom 3
panels) for the European Union (EU), Oceania (OC), and the United States (US)

Such countries are going to become important export destinations in future
(Thiele et al. 2013). The larger world importers of SMP are South-East Asia,
North Africa, China, and Mexico. Trade flows among the areas under
consideration (i.e., EU-28, Oceania, and the United States) are negligible and
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Volatility in dairy markets 713

market integration may be attained indirectly through competition in the
international SMP market.

In the WMP international market, Oceania has dominated with a share of
about 57%, while the EU-28 accounted for approximately 17%, and the
United States for less than 1% (Table 1). WMP is an important ingredient in
the food industry, providing both milk fat and non-fat milk solids. It is
demanded more by countries with strong economic power, like oil-exporting
countries. China, the Middle East, North Africa, and South-East Asia are the
major import markets. As in the case of SMP, trade flows are negligible
among the EU-28, Oceania, and the United States, and market integration
may be achieved only through competition in the international WMP market.

In the international butter market, Oceania has been the main exporter,
with a market share of above 57%, followed by Europe and the United States
with about 25% and 6.5%, respectively (Table 1). In the case of butter, the
three regions under consideration interact with each other through direct
trade because substantial butter volumes are imported in the United States
from various EU counties (mainly Ireland) and from New Zealand (Groves,
2016). Moreover, substantial butter exports take place from New Zealand to
the EU due to trading agreements and duty free access for inward processing
(Fousekis & Grigoriadis, 2016b). Furthermore, these regions compete
indirectly in the international butter market. Among the major importers
are the Middle East, Russia, North Africa, South-East Asia, and China.

In the worldwide cheese trade, the EU-28 was the main exporter, with
about a 44% share, followed by Oceania with about 19%, and the United
States with about 14% (Table 1). The larger importers of cheese (in value) in
2015 were Russia, the United States, and Japan (Davis & Hahn, 2016).
Significant trade also takes place in countries with a lower level of
consumption but with consumers familiar with cheese, such as Latin
American, North African, and Middle East countries (Thiele et al. 2013).
Thus, the three regions (i.e., the EU-28, Oceania, and the United States)
interact between each other through direct trade as well as indirect trade in
the international cheese market.

Table 1 Dairy commodity exports. Averages 2013-2015 in 1000 tones product weight.
Source: OECD/FAO (2016)

SMP WMP Butter Cheese

Quantity % Quantity % Quantity % Quantity %

EU-28 0.7069 33.59 0.4249 16.94 0.2294 24.89 1.0775 44.14
Oceania 0.5960 28.32 1.4305 57.02 0.5284 57.33 0.4542 18.61

USA 0.5485 26.07 0.0177 0.70 0.0595 6.45 0.3331 13.65
Other 0.2529 12.02 0.6356 25.34 0.1044 11.33 0.5760 23.60
World 2.1043 2.5087 0.9217 2.4408
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714 A. N. Rezitis and G. Kastner

Despite the low share of the United States in total world exports in the
cases of WMP and butter (i.e., 0.75% and 6.46%, respectively), we are
including the United States in our analysis because it is expected to play a
significant role in the international dairy market in future due to its bilateral
trade with the EU (Boulanger et al. 2016). This is especially so after July 2018,
when President Donald Trump and the EU decided to resume talks regarding
bilateral trade similar to the Transatlantic Trade and Investment Partnership
(TTIP) negotiations, which were halted by the Trump administration
initiating a trade conflict with the EU. However, due to the lack of more
updated data, we do not consider these changes in the present article.

4. Results

In this section, we present the results of the estimation procedure. We begin
by discussing the factor loadings and the estimated factor volatilities,
alongside the communalities, in Section 4.1. Thereby, we gain structural
insight into the covariance structure of the international dairy commodity
market. In Section 4.2, we discuss the marginal volatilities of each component
series and the parameter estimates of the idiosyncratic volatilities. In
Section 4.3, we turn toward examining the model-implied dynamic correla-
tion structure per se. Finally, in Section 4.4, we look at in-sample value at risk
measures (VaRs and CoVaRs) based on the model-implied posterior median
covariance matrix.

4.1 Factor volatilities and loadings

Factor loadings are presented in Figure 2, alongside the corresponding log
variances of the latent factors. The first factor can be interpreted as the EU
dairy sector as all dairy EU variables (EU-SMP, EU-WMP, EU-BUT, and
EU-CHE) load very highly on this factor. This is supported by the fact that
the EU is one of the world’s leading dairy exporters. The loadings of the
second factor are primarily the Oceania and secondarily the European milk
powder variables, that is, OC-SMP, OC-WMP, EU-SMP, and EU-WMP.
This finding can be explained by the fact that both Oceania and Europe are
among the main world milk powder exporting regions. The third factor can
be viewed as the Oceania dairy sector as all Oceania dairy variables (OC-
SMP, OC-WMP, OC-BUT, and OC-CHE) load highest on this factor. This
finding is also expected because Oceania, like the EU, is one of the driving
forces of the world dairy export market. Investigation of the fourth factor
indicates that the United States should also be considered as an additional
force in the milk powder market. This is because the US milk powder
variables (US-SMP and US-WMP) load highly on the fourth factor. Note
that the other variables that are loaded significantly on the fourth factor are
the EU and Oceania milk powder variables (EU-SMP, EU-WMP, OC-
SMP, and OC-WMP). It seems that the fourth factor expands the second
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Volatility in dairy markets 715

factor by including the US milk powder variables as additional loadings to
those of the second factor. This finding suggests that the United States is a
significant player in the international SMP market but to a lesser extent than
the EU and Oceania. This argument is also supported by Fousekis and
Grigoriadis (2016a) and Fousekis et al. (2017), who find that the price
integration and linkages have been stronger between the EU and Oceania.
The United States has been catching up with them since it was a latecomer to
the SMP global market.

One common feature of the latent factors is that their volatilities increased
after the 2006/07 period. This could be attributed to the greater dairy market
integration that occurred after 2007 due to the various bilateral and
multilateral trade agreements enacted and gradually implemented after this
year as well as to the agricultural policy changes in the EU and the United
States. The more globalized dairy market might have exacerbated the dairy
price volatility due to several causes, such as supply and demand shocks,
uncertainty about dairy stock levels, adverse weather conditions, climate
changes, financial speculation, exchange rate volatility, and oil price
volatility, among others. From the covariance decomposition in Equation
(5), it follows that higher factor volatilities directly correspond to higher
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Figure 2 Loadings (top) and volatilities (bottom) of the four estimated factors (0.1/0.5/0.9
posterior quantiles)
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716 A. N. Rezitis and G. Kastner

covariances during this period. This finding is also supported by the previous
literature. For example, Fousekis et al. (2017) indicate an increasing degree of
price co-movement as well as statistically significant probabilities of joint
price crashes and booms for the three main SMP-producing regions (the EU,
Oceania, and the United States); Fousekis and Grigoriadis (2016b) support
strong long-run price linkages in the two butter-producing regions (the EU
and Oceania); Fousekis and Trachanas (2016) suggest stable long-run price
linkages in SMP in the three regions (the EU, Oceania, and the United States)
but find that the law of one price does not hold; and Rezitis and Rokopanos
(2019) find slightly increasing price dependence after the year 2007 in the
butter and WMP markets for the EU-Oceania and EU-US pairs, which is
attributed to the aftermath of the liberalization changes. However, their
results provide evidence that the dairy market is segmented rather than well
integrated. Furthermore, the first factor, which is related to the EU dairy
sector, shows an increasing volatility around 2003, which can be attributed to
the 2003 CAP reform, and high volatility during the subperiod 2007-2010
and around 2014. The second and fourth factors, which are related to milk
powder, exhibit similar patterns and clearly an increase in volatility after the
period 2006/07. Note that the second factor shows an increase in volatility
around 2003, whereas the third factor, which is attributed to the Oceania
dairy sector, displays high volatility around the subperiods 2007-2010 and
2014-2016. Note that the first and the third factors show higher volatility and
smaller persistence in comparison with the second and the fourth factors.

This finding is corroborated by Figure 3, which displays the posterior
distributions of the model parameters y;, ¢;, and o; (i.e., the level, the
persistence, and the volatility of log variance, respectively). More specifically,
the bottom four rows of Figure 3 correspond to the four factors. Note in
particular that the persistence of factor two and factor four are very close to
one, whereas the persistence of factor one and three are only around 0.8.
Furthermore, the volatility of the third factor is much higher than the
volatility of the rest of the factors, while the volatility of the first factor is a
little higher than the volatility of the remaining two factors.

The above-mentioned four factors are supported by the communalities,
which are presented in Figure 4. Communalities show the proportion of
marginal variance of each variable, which is explained by the common
factors. The common factors explain a significant amount of the variance of
each one of the variables under consideration except those of US butter and
cheese (i.e., US-BUT and US—-CHE). This is in line with the fact that neither
US-BUT nor US-CHE load significantly on any of the four factors of our
factor stochastic volatility (FSV) model. It is worth noting, however, that
based on Figure 4 the proportion of the variance of the US whole milk
powder explained by common factors is significant after 2006. Note that,
based on Fousekis and Grigoriadis (2016a) and Fousekis et al. (2017), the
dairy price integration and linkages have been stronger between the EU and
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Figure 3 Prior (dashed, gray) and posterior (solid, black) distributions of the model
parameters. The first 12 rows correspond to the idiosyncratic volatilities, and the bottom 4
rows correspond to the factor volatilities

© 2021 The Authors. The Australian Journal of Agricultural and Resource Economics published by John Wiley & Sons Australia, Ltd
on behalf of Australasian Agricultural and Resource Economics Society Inc.

0 pUe SLWiB L L3 885 *[7202/70/9T] U0 ARIq1T8UIIUO ABIIM ‘A VHEIT NOSTIM OLT YLOSINNIN SO ALISHIAINN Ad EEYZT 6878-L9PT/TTTT OT/I0p/W0d 4| 1M AReiq1pul|uo//SdNY Woi) pepeolumod ¢ ‘TZ0Z '6878L9YT

fo A

85UB017 SUOWILLIOD ANERID 3|ded 1 dde aU) Aq pauA0B 8/ SIPILE YO ‘8N JO S3|N1 o) A1 BUIUO ABIM UO



718 A. N. Rezitis and G. Kastner

Oceania, and this might be because the US entered the international dairy

markets much later.

4.2 Marginal volatilities

A thorough visualization of the marginal posterior volatilities of all dairy
commodities, presented in Figure 5, indicates that the volatility of each of the
dairy commodities increases after the 2006/07 global (food) crisis period. In
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Figure 4 Communalities, that is, the proportions of marginal variance explained through the

common factors (0.1/0.5/0.9 posterior quantiles)
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Figure 5 Marginal volatilities (0.1/0.5/0.9 posterior quantiles)

general, the graphs show that for most of the commodities, volatility rates are
higher during the subperiods 2007-2010 and 2014-2016. Moreover, the
pattern of marginal volatilities among the dairy commodities in Figure 5
shows strong heteroscedasticity as well as considerable co-movement,
providing some empirical support for multivariate modeling through
common latent factors.
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720 A. N. Rezitis and G. Kastner

An examination of the top twelve rows of Figure 3, showing the posterior
distributions of the level (y;), persistence (¢,), and volatility (o;) of the
idiosyncratic log variance of the components corresponding to each of the
dairy commodities under consideration, indicates that EU-CHE, OC-WMP,
and US-SMP exhibit the highest persistence among all idiosyncratic
volatilities. Dairy commodities with the highest idiosyncratic volatility of
log variance o;, i=1, ---, m, are OC-SMP, OC-BUT, OC-CHE, and EU-
BUT. This finding is in line with the observation that factor three,
representing Oceania’s dairy sector, shows a higher volatility of log variance
than the others.

4.3 Posterior correlations

Posterior means of some of the model-implied correlation matrices are
displayed in Figure 6. The matrices indicate positive and substantially time-
varying correlations that tend to increase during crisis times and periods of
agricultural policy changes. Subfigures 6a to 6d, corresponding to the period
before the 2007 crisis year, show a low correlation between dairy commodi-
ties, while, during the 2007 crisis year (Subfigure 6e), the correlation increases
substantially. Moreover, Subfigures 6f to 6j show a strong correlation after
2007 due to the ongoing bilateral and multilateral international trade
agreements between the regions under consideration as well as to the various
changes in regional agricultural policies, such as the 2008 CAP Health Check
(Subfigure 6g), the 2008 US Farm Act (Subfigure 6g), and the 2014 CAP
reform (Subfigure 6h). Furthermore, in Subfigures 6e to 6j, some clusters of
highly correlated dairy commodities (such as skim and whole milk powders)
can be spotted, whereas cheeses show little correlation. Trade agreements and
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Figure 6 Ten posterior mean correlation matrices [Colour figure can be viewed at wileyonline
library.com]
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Volatility in dairy markets 721

policy changes might have globalized the dairy market, rendering agricultural
commodity prices more correlated across regions. Along these lines, the
establishment of the Global Dairy Trade by Fonterra in 2008 should be
mentioned; this provides electronic auctions in internationally traded
commodities such as butter and milk powder, further contributing to the
globalization of the international dairy market. However, as one of the
reviewers of the present paper indicated, a careful inspection of Figure 6
suggests that the interplay between the domestic demand and the domestic
supply for dairy commodities has a far more significant impact than that
between the international demand and the international supply. This might
be because the dairy markets under consideration are not perfectly integrated,
as suggested by the current literature. In particular, the paper by Fousekis
and Trachanas (2016) supports the idea that the law of one price does not
hold in SMP markets in the regions under consideration (the EU, Oceania,
and the United States), while the study by Rezitis and Rokopanos (2019)
finds that the dairy markets of the three regions (the EU, Oceania, and the
United States) are segmented rather than well integrated.

4.4 VaRs and CoVaRs

In order to assess what our model implies in terms of risk management, we
now turn toward assessing posterior quantiles of our model-implied return
distribution y, ~ .A",(0, ;). More concretely, for each series i=1, ---, m and
each point in time ¢, we find the value VaR}? such that

P(y;, <VaR;")=q, ¢€{0.01,0.05, 0.95, 0.99}.

In addition to discussing marginal VaRs, we also investigate CoVaRs (Adrian
& Brunnermeier, 2016). These are defined as the quantile of some return
distribution conditional on the fact that each element of some other set of
returns ¢ is at their respective marginal VaR. More specifically, CoVar"z@ i
implicitly defined by

P(y; < CoVaRy‘ |y, ,=VaR')=¢, ¢€{0.01,0.05,0.95,0.99}.

To compute CoVaR for the problem at hand, we use the fact that any
multivariate normal variate can be trivially decomposed into two subsets.
More concretely, we have that y, = (y!, y?) ~ A" (0, E,) where

12
3 = (Efl Ry ) .
il Ve
Then, the conditional dlstrlbutlon of y! g1ven known values for y? is again a

multivariate normal, that is, y!|y? ~ M(u,' , 2‘.” ) with
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-1
Wr=YR(rP) y? (6)

- t t t>

M0l Y ()
and we can use, for example, posterior medians of X, to compute the
respective CoVaRs. Note that Equations (6) and (7) imply that when the two
subsets under consideration are uncorrelated at a certain point in time, VaR
and CoVaR coincide. On the other hand, VaR and CoVaR differ greatly
whenever the correlation is high.

The univariate two-sided VaRs are presented in Figure 7 in black solid lines.
Considering 5% and 1% levels, the most extreme values of the VaR estimates
occur after 2006, confirming the previous findings. In particular, the most
extreme value for EU-SMP occurs on 2008/12/20, while for OC-SMP on
2013/4/13, US-SMP on 2010/1/23, EU-WMP on 2009/1/10, OC-WMP on
2016/8/20, US-WMP on 2009/1/24, EU-BUT on 2007/6/9, OC-BUT on 2016/
8/20, US-BUT on 2014/10/25, EU-CHE on 2009/1/10, OC-CHE on 2009/1/
10, and for US-CHE on 2004/4/3. Data points are plotted as well, whereby
light-brown points indicate dates that lie within the 5% VaRs, red points
indicate dates that correspond to 5% (but not 1%) exceedances, and dark-
brown points correspond to 1% exceedances.

In addition to standard VaRs, Figure 7 also contains two CoVaR
specifications. The first specification is CoVaRf.’;’ for i=2, ---, 12, that is, the
conditional quantiles of series 2 to 12 given that EU-SMP is fixed at VaR}’.
The “CoVaR |EU-SMP” is visualized in purple and can be thought of as a
measure of risk given that the returns of EU-SMP are extreme. We see that
CoVaRs generally tends to be more extreme than the respective VaRs.
However, note that there are certain series and certain stretches in time where
VaRs and CoVaRs (almost) coincide, see, for example, US-BUT and US-
CHE. This finding again shows that shocks to a series in a certain region (here
EU) do not necessarily carry over to other regions (here US).

The second CoVaR specification corresponds to “shocking” all four EU
series at the same time: CoVaRl’."{qLM’IO} for ie{2,3,5,6,8,9,11, 12}. It is
labeled “CoVaR | entire EU” and depicted in green. Interestingly, the two
CoVaR specifications mostly align, implying that extreme values of all EU
series mean little extra risk as opposed to only seeing extreme values of EU-
SMP. Only around 2007-2010, the two specifications tend to differ slightly, in
particular for Oceania. Again, we see that US-BUT and US-CHE are barely
affected.
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Figure 7 1%, 5%, 95%, and 99% in-sample VaRs (black lines) and CoVaRs (purple and green
lines) based on the model-implied posterior median covariance matrix. Regular data points are
plotted in light brown, whereas VaR exceedances at the 5% level are plotted red and
exceedances at the 1% level are plotted in dark brown [Colour figure can be viewed at wile
yonlinelibrary.com]

5. Conclusions

This study uses a multivariate factor stochastic volatility model for estimating
time-varying (dynamic) covariance and correlation matrices of dairy prices of
four commodities (skim milk powder, whole milk powder, butter, and
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cheddar cheese) in three main regional markets (the EU, Oceania, and the
United States) for the period from January 20, 2001, to May 13, 2017. The
model imposes a low-dimensional latent factor structure where the factors are
allowed to exhibit stochastic volatility and hence determine co-movement of
volatility over time. The distinguishing feature of the present study relative to
most of the recent literature is that it explicitly models dairy price co-volatility
linkages in the international dairy markets rather than examining the (signed)
co-movements and transmissions of dairy price levels or price changes.

The empirical results support four factors, where the first and the third
factor reflect the EU and the Oceania dairy sectors, respectively. The second
and fourth factors capture the milk powder markets. Note that the fourth
factor expands the second factor by incorporating the US milk powder
market alongside the EU and Oceania markets already included in the second
factor. These results are supported by the fact that both the EU and Oceania
are the main driving forces of the international dairy market, whereas the
milk powders are the main dairy commodities traded by the EU, Oceania,
and the United States internationally. Furthermore, the empirical results
show that the United States is also an important participant in the global
dairy market but to a lower degree than the EU and Oceania, since the
United States entered the international dairy market later than the other two
regions. The first and third factors show higher volatility and less persistence
than the second and fourth factors. Estimated time-varying volatilities of the
four factors increase after the 2006/07 global (food) crisis, which also
coincides with the free trade agreements enacted from 2007 onward and the
EU and the US liberalization policy changes. These trade and policy events
have created a more globalized and volatile international dairy market.
However, the empirical results of the present study show that domestic
demand and supply factors for dairy commodities are more significant than
international demand and supply factors, indicating that international
markets are not perfectly integrated.

Marginal posterior volatilities of all dairy commodities show that the
volatility of each of the dairy commodities increases after the 2006/07 global
(food) crisis and for most of the commodities, and volatility rates are higher
during the 2007-2010 and 2014-2016 subperiods. The Oceania dairy
commodities are those showing the highest volatility. Implied correlation
matrices indicate increasing correlation during the 2006/8/5 to 2007/6/9
period as well as during 2008 and 2014, which can be attributed to various
regional agricultural dairy policies, such as the 2008 CAP Health Check, the
2008 US Farm Act, and the 2014 CAP reform as well as to the establishment
of the Global Dairy Trade by Fonterra in 2008. The most extreme values of
the VaR estimates for most dairy commodities occur after the year 2006 and
are in line with the general volatility findings of the present study. Finally,
CoVaRs conditional on extreme values in the EU tend to be higher than
standard VaRs, in particular in times of high correlations.
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Both publicly as well as privately, a broad range of instruments should be
utilized to manage price volatility. Such instruments include over-the-counter
contracts, forward contracting, futures contracts, and insurance contracts.
Several private and public sector risk management instruments have already
been employed by the US dairy sector, which could be used as indicators for
other dairy sectors such as by the EU dairy sector. Finally, it is recommended
that some public measures such as counter-cyclical measures are maintained
in order to mitigate the effects of high price volatility. However, such
instruments should not inhibit the development of private measures.

Data availability statement

The data that support the findings of this study are available from the
corresponding author upon reasonable request.

References

Adrian, T. & Brunnermeier, M.K. (2016). CoVaR, American Economic Review 106, 1705-
1741. https://doi.org/10.1257 /aer.20120555.

Aguilar, O. & West, M. (2000). Bayesian dynamic factor models and portfolio allocation,
Journal of Business & Economic Statistics 18, 338-357. https://doi.org/10.1080/07350015.
2000.10524875.

Apergis, N. & Rezitis, A. (2003). Agricultural price volatility spillover effects: the case of
Greece, European Review of Agricultural Economics 30, 389-406. https://doi.org/10.1093/
erae/30.3.389.

Bai, J. & Ng, S. (2002). Determining the number of factors in approximate factor models,
Econometrica 70, 191-221. https://doi.org/10.1111/1468-0262.00273.

Bergmann, D., O’Connor, D. & Thiimmel, A. (2016). An analysis of price and volatility
transmission in butter, palm oil and crude oil markets, Agricultural and Food Economics 4,
4-23. https://doi.org/10.1186/s40100-016-0067-4.

Bohl, M.T. & Sulewski, C. (2019). The impact of long-short speculators on the volatility of
agricultural commodity futures prices, Journal of Commodity Markets 16, 100085, https://
doi.org/10.1016/j.jcomm.2019.01.001.

Bollerslev, T. (1986). Generalized autoregressive conditional heteroskedasticity, Journal of
Econometrics 31, 307-327. https://doi.org/10.1016/0304-4076(86)90063-1.

Bollerslev, T. (1990). Modelling the coherence in short-run nominal exchange rates: a
multivariate generalized ARCH model, The Review of Economics and Statistics 72, 498-505.
https://doi.org/10.2307/2109358.

Boulanger, P., Dudu, H., Ferrari, E., Himics, M. & Mbarek, R. (2016). Cumulative economic
impact of future trade agreements on EU agriculture. JRC Science for Policy Report EUR
28206 EN. https://doi.org/10.2788/194880

Briggs, P., Harker, C., Ng, T. & Yao, A. (2011). Fluctuations in the international prices of oil,
dairy products, beef and lamb between 2000 and 2008: a review of market specific demand
and supply factors. Reserve Bank of New Zealand Discussion Paper Series DP2011/02.
Reserve Bank of New Zealand. https://ideas.repec.org/p/nzb/nzbdps/2011-02.html.

Buguk, C., Hudson, D. & Hanson, T. (2003). Price volatility spillover in agricultural markets:
an examination of U.S. catfish markets, Journal of Agricultural and Resource Economics 28,
86-99. http://www jstor.org/stable/40987174.

© 2021 The Authors. The Australian Journal of Agricultural and Resource Economics published by John Wiley & Sons Australia, Ltd
on behalf of Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] Uo ARIGITBUIUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad EEFZT 688-L97T/TTTT OT/I0p/L0d A8 1M Akeiq 1 putjuo//SAny woij papeo|umod ‘€ ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://doi.org/10.1257/aer.20120555
https://doi.org/10.1080/07350015.2000.10524875
https://doi.org/10.1080/07350015.2000.10524875
https://doi.org/10.1093/erae/30.3.389
https://doi.org/10.1093/erae/30.3.389
https://doi.org/10.1111/1468-0262.00273
https://doi.org/10.1186/s40100-016-0067-4
https://doi.org/10.1016/j.jcomm.2019.01.001
https://doi.org/10.1016/j.jcomm.2019.01.001
https://doi.org/10.1016/0304-4076(86)90063-1
https://doi.org/10.2307/2109358
https://doi.org/10.2788/194880
https://ideas.repec.org/p/nzb/nzbdps/2011-02.html
http://www.jstor.org/stable/40987174

726 A. N. Rezitis and G. Kastner

Cabrera, B.L. & Schulz, F. (2016). Volatility linkages between energy and agricultural
commodity prices, Energy Economics 54, 190-203. https://doi.org/10.1016/j.eneco.2015.11.
018.

Chib, S., Nardari, F. & Shephard, N. (2006). Analysis of high dimensional multivariate
stochastic volatility models, Journal of Econometrics 134, 341-371. https://doi.org/10.1016/j.
jeconom.2005.06.026.

Davis, C.G. & Hahn, W. (2016) International Food and Agribusiness Management Review. 19
(B): 1-10. https://www.ifama.org/resources/Documents/v19ib/120150107.pdf.

Engle, R.F. (1982). Autoregressive conditional heteroscedasticity with estimates of the
variance of United Kingdom ination, Econometrica 50, 987-1007. https://doi.org/10.2307/
1912773.

Fousekis, P., Emmanouilides, C. & Grigoriadis, V. (2017). Price linkages in the international
skim milk powder market: empirical evidence from nonparametric and timevarying copulas,
Australian Journal of Agricultural and Resource Economics 61, 135-153. https://doi.org/10.
1111/1467-8489.12147.

Fousekis, P. & Grigoriadis, V. (2016a). Price co-movement in the principal skim milk powder
producing regions: a wavelet analysis, Economics Bulletin 36, 477-492.

Fousekis, P. & Grigoriadis, V. (2016b). Spatial price dependence by time scale: empirical
evidence from the international butter markets, Economic Modelling 54, 195-204. https://
doi.org/10.1016/j.econmod.2015.12.023.

Fousekis, P. & Trachanas, E. (2016). Price transmission in the international skim milk powder
markets, Applied Economics 48, 5233-5245. https://doi.org/10.1080/00036846.2016.1173183.

Frithwirth-Schnatter, S. & Wagner, H. (2010). Stochastic model specification search for
Gaussian and partial non-Gaussian state space models, Journal of Econometrics 154, 85-100.
https://doi.org/10.1016/j.jeconom.2009.07.003.

Gardebroek, C. & Hernandez, M.A. (2013). Do energy prices stimulate food price volatility?
Examining volatility transmission between US oil, ethanol and corn markets, Energy
Economics 40, 119-129. https://doi.org/10.1016/j.eneco.2013.06.013.

Ghysels, E., Harvey, A.C. & Renault, E. (1996). Stochastic volatility. in Maddala, G.S. & Rao,
C.R. (eds), Statistical methods in finance, 14. Handbook of Statistics, Elsevier, pp. 119-191.
https://doi.org/10.1016/S0169-7161(96)14007-4.

Gilbert, C. & Morgan, C. (2010). Food price volatility, Philosophical Transactions of the Royal
Society B, 365, 3023-3034. https://doi.org/10.1098/rstb.2010.0139.

Groves, D. (2016). US becoming a dumping ground for world’s dairy surpluses. Cheese
Reporter 140(35). Available from URL: http://www.cheesereporter.com/Past%20Issues/
2016/February%2019,%202016.pdf. [Accessed on 24 April 2017]

Han, Y. (2006). Asset allocation with a high dimensional latent factor stochastic volatility
model, Review of Financial Studies 19, 237-271. https://doi.org/10.1093/rfs/hhj002.

Harvey, A.C., Ruiz, E. & Shephard, N. (1994). Multivariate stochastic variance models,
Review of Economic Studies 61, 247-264. https://doi.org/10.2307/2297980.

Hernandez, M.A., Ibarra, R. & Trupkin, D.R. (2014). How far do shocks move across
borders? examining volatility transmission in major agricultural futures markets, European
Review of Agricultural Economics 41, 301-325. https://doi.org/10.1093/erae/jbt020.

Hosszejni, D. & Kastner, G. (2021) Modeling univariate and multivariate stochastic volatility
in R with stochvol and factorstochvol, Journal of Statistical Software forthcoming, https://
arxiv.org/abs/1906.12123.

IFCN - The Dairy Research Network (2017). The global dairy world 2016/17. Available from
URL: https://ifcndairy.org/wp-content/uploads/2017/06/WorldDairyArticle201617.pdf.
[Accessed 12 May 2020]

Jacks, D.S., O’Rourke, K.H. & Williamson, J.G. (2011). Commodity price volatility and world
market integration since 1700, The Review of Economics and Statistics 93, 800-813.

© 2021 The Authors. The Australian Journal of Agricultural and Resource Economics published by John Wiley & Sons Australia, Ltd
on behalf of Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] Uo ARIGITBUIUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad EEFZT 688-L97T/TTTT OT/I0p/L0d A8 1M Akeiq 1 putjuo//SAny woij papeo|umod ‘€ ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://doi.org/10.1016/j.eneco.2015.11.018
https://doi.org/10.1016/j.eneco.2015.11.018
https://doi.org/10.1016/j.jeconom.2005.06.026
https://doi.org/10.1016/j.jeconom.2005.06.026
https://www.ifama.org/resources/Documents/v19ib/120150107.pdf
https://doi.org/10.2307/1912773
https://doi.org/10.2307/1912773
https://doi.org/10.1111/1467-8489.12147
https://doi.org/10.1111/1467-8489.12147
https://doi.org/10.1016/j.econmod.2015.12.023
https://doi.org/10.1016/j.econmod.2015.12.023
https://doi.org/10.1080/00036846.2016.1173183
https://doi.org/10.1016/j.jeconom.2009.07.003
https://doi.org/10.1016/j.eneco.2013.06.013
https://doi.org/10.1016/S0169-7161(96)14007-4
https://doi.org/10.1098/rstb.2010.0139
http://www.cheesereporter.com/Past%2520Issues/2016/February%252019,%25202016.pdf
http://www.cheesereporter.com/Past%2520Issues/2016/February%252019,%25202016.pdf
https://doi.org/10.1093/rfs/hhj002
https://doi.org/10.2307/2297980
https://doi.org/10.1093/erae/jbt020
https://arxiv.org/abs/1906.12123
https://arxiv.org/abs/1906.12123
https://ifcndairy.org/wp-content/uploads/2017/06/WorldDairyArticle201617.pdf

Volatility in dairy markets 727

Jacquier, E., Polson, N.G. & Rossi, P.E. (1994). Bayesian analysis of stochastic volatility
models, Journal of Business and Economic Statistics 12, 371-389. https://doi.org/10.1080/
07350015.1994.10524553.

Ji, Q. & Fan, Y. (2012). How does oil price volatility affect non-energy commodity markets?
Applied Energy 89, 273-280. https://doi.org/10.1016/j.apenergy.2011.07.038.

Kastner, G. (2019). Sparse Bayesian time-varying covariance estimation in many dimensions,
Journal of Econometrics 210, 98—115. https://doi.org/10.1016/j.jeconom.2018.11.

Kastner, G., Frithwirth-Schnatter, S. & Lopes, H.F. (2017). Efficient Bayesian inference for
multivariate factor stochastic volatility models, Journal of Computational and Graphical
Statistics 26, 905-917. https://doi.org/10.1080/10618600.2017.1322091.

Kastner, G. & Friiuhwirth-Schnatter, S. (2014). Ancillarity-sufficiency interweaving strategy
(ASIS) for boosting MCMC estimation of stochastic volatility models, Computational
Statistics and Data Analysis 76, 408—423. https://doi.org/10.1016/j.csda.2013.01.002.

Kim, S., Shephard, N. & Chib, S. (1998). Stochastic volatility: likelihood inference and
comparison with ARCH models, Review of Economic Studies 65, 361-393. https://doi.org/
10.1111/1467-937X.00050.

Li, N., Ker, A., Sam, A.G. & Aradhyula, S. (2017). Modeling regime-dependent agricultural
commodity price volatilities, Agricultural Economics 48, 683-691. https://doi.org/10.1111/
agec.12366.

Newton, J. (2016). Price transmission in global dairy markets, International Food and
Agribusiness Management Review 19, 57-72.

O’Connor, D., Keane, M. & Barnes, E. (2009). Measuring volatility in dairy commodity prices.
Paper prepared for presentation at the 113th EAAE Seminar “resilient European food
industry and food chain in a challenging world", Chania, Crete, Greece, September 3-6,
2009. Available form URL:http://ageconsearch.umn.edu/record/58106. [Accessed 5 April
2020]

O’Connor, D. & Keane, M. (2011) Empirical issues relating to dairy commodity price
volatility, in Piot-Lepetit, I. & M’Barek, R. (eds), Methods to Analyse Agricultural
Commodity Price Volatility. Springer, New York, pp. 63-83. https://doi.org/10.1007/978-1-
4419-7634-5_5.

OECD, FAO (2016) OECD-FAO Agricultural Outlook 2016-2025. OECD Publishing, Paris.
https://doi.org/10.1787/agr_outlook-2016-en.

Plummer, M., Best, N., Cowles, K. & Vines, K. (2006) CODA: convergence diagnosis and
output analysis for MCMC. R News, 6(1), 7-11. http://CRAN.R-project.org/doc/Rnews/
Rnews_2006-1.pdf.

R Core Team (2021). R: A Language and Environment for Statistical Computing. R Foundation
for Statistical Computing. https://www.R-project.org/.

Rezitis, A.N. & Rokopanos, A. (2019). Impact of trade liberalisation on dairy market price co-
movements between the EU, Oceania, and the United States, Australian Journal of
Agricultural and Resource Economics 63, 472-498. https://doi.org/10.1111/1467-8489.12320.

Serra, T. & Gil, J.M. (2013). Price volatility in food markets: can stock building mitigate price
fluctuations? European Review of Agricultural Economics 40, 507-528.

Taylor, S.J. (1982). Financial returns modelled by the product of two stochastic processes: a
study of daily sugar prices 1691-79, in Anderson, O.D. (ed), Time Series Analysis: Theory
and Practice 1. North-Holland, Amsterdam, pp. 203-226.

Thiele, H., Richarts, E. & Burchardi, H. (2013). Economic analysis of EU dairy sector
development beyond 2015: trade, exports and world market integration. Research Paper,
University of Applied Sciences Kiel, Faculty of Agriculture, Osterrdonfeld. Available form
URL: https://www.ifeev.de/attachments/article/50/ifefhkiel Dairy_Research_Paper_9%2009-
2013.pdf. [Accessed 18 June 2020]

Wang, Y., Wu, C. & Yang, L. (2014). Oil price shocks and agricultural commodity prices,
Energy Economics 44, 22-35. https://doi.org/10.1016/j.eneco.2014.03.016.

© 2021 The Authors. The Australian Journal of Agricultural and Resource Economics published by John Wiley & Sons Australia, Ltd
on behalf of Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] Uo ARIGITBUIUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad EEFZT 688-L97T/TTTT OT/I0p/L0d A8 1M Akeiq 1 putjuo//SAny woij papeo|umod ‘€ ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://doi.org/10.1080/07350015.1994.10524553
https://doi.org/10.1080/07350015.1994.10524553
https://doi.org/10.1016/j.apenergy.2011.07.038
https://doi.org/10.1016/j.jeconom.2018.11
https://doi.org/10.1080/10618600.2017.1322091
https://doi.org/10.1016/j.csda.2013.01.002
https://doi.org/10.1111/1467-937X.00050
https://doi.org/10.1111/1467-937X.00050
https://doi.org/10.1111/agec.12366
https://doi.org/10.1111/agec.12366
http://ageconsearch.umn.edu/record/58106
https://doi.org/10.1007/978-1-4419-7634-5_5
https://doi.org/10.1007/978-1-4419-7634-5_5
https://doi.org/10.1787/agr_outlook-2016-en
http://CRAN.R-project.org/doc/Rnews/Rnews_2006-1.pdf
http://CRAN.R-project.org/doc/Rnews/Rnews_2006-1.pdf
https://www.R-project.org/
https://doi.org/10.1111/1467-8489.12320
https://www.ifeev.de/attachments/article/50/ifefhkiel_Dairy_Research_Paper_%252009-2013.pdf
https://www.ifeev.de/attachments/article/50/ifefhkiel_Dairy_Research_Paper_%252009-2013.pdf
https://doi.org/10.1016/j.eneco.2014.03.016

728 A. N. Rezitis and G. Kastner

Yang, J., Haigh, M.S. & Leatham, D.J. (2001). Agricultural liberalization policy and
commodity price volatility: a GARCH application, Applied Economics Letters 8, 593-598.
https://doi.org/10.1080/13504850010018734.

Yang, L. & Hamori, S. (2018). Modeling the dynamics of international agricultural commodity
prices: a comparison of garch and stochastic volatility models, Annals of Financial
Economics 13, 1850010. https://doi.org/10.1142/S2010495218500100.

Yu, Y. & Meng, X.-L. (2011). To center or not to center: that is not the questionl an
ancillarity-sufficiency interweaving strategy (ASIS) for boosting MCMC efficiency, Journal
of Computational and Graphical Statistics 20, 531-570. https://doi.org/10.1198/jcgs.2011.
203main

Zhou, X., Nakajima, J. & West, M. (2014). Bayesian forecasting and portfolio decisions using
dynamic dependent sparse factor models, International Journal of Forecasting 30, 963-980.
https://doi.org/10.1016/j.ijforecast.2014.03.017.

© 2021 The Authors. The Australian Journal of Agricultural and Resource Economics published by John Wiley & Sons Australia, Ltd
on behalf of Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] Uo ARIGITBUIUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad EEFZT 688-L97T/TTTT OT/I0p/L0d A8 1M Akeiq 1 putjuo//SAny woij papeo|umod ‘€ ‘TZ0T ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon


https://doi.org/10.1080/13504850010018734
https://doi.org/10.1142/S2010495218500100
https://doi.org/10.1198/jcgs.2011.203main
https://doi.org/10.1198/jcgs.2011.203main
https://doi.org/10.1016/j.ijforecast.2014.03.017

