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Abstract

In recent years, as a result of an increasing financialisation of financial markets,
white precious metals have slowly transformed from mere production inputs to in-
vestment assets. In order to analyse the characteristics of white precious metals and
the consequences of the transition, this paper examines the long-run inflation hedg-
ing effectiveness of silver, platinum, and palladium using both linear and non-linear
cointegration relationship procedures. This study is the first to formally investigate
the inflation hedging effectiveness of white precious metals across different coun-
tries. Overall, the results point towards the superiority of palladium as the most
reliable inflation hedge. Furthermore, country-specific graphical evidence uncovers
time-variation in the inflation hedging potential of white precious metals.
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1. Introduction

A considerable amount of research was published on the relationship be-
tween precious metals and inflation over the last few years (see O’Connor
et al. (2015) and Vigne et al. (2017)), though the findings and conclusion are
by no means consistent!. The theoretical underpinning for an alleged rela-
tionship between precious metals and inflation depends on the philosophical
approach taken in defining what precious metals are. If precious metals are
considered to be international currencies, which up until the 20** century
they were, then an increase in expected inflation should lead to investors
driving down their cash holding in order to invest in precious metals, driv-
ing up their price. On the other hand, if precious metals are considered
regular commodities needed as production inputs, their prices should rise
alongside the prices of any other regular assets for that is the very definition
of inflation (Jaffe (1989)).

Even though white precious metals in general, and platinum and palla-
dium in particular, were usually considered to be mere production inputs,
the recent introduction of a silver ETF in April 2006 and ETF's for platinum
and palladium in August 2010 have substantially strengthen the investment
side of the metals. Furthermore, an upwards and quite substantial trend in
the physical demand for white precious metals as investment assets can be
observed for all three metals over recent years (see Lau et al. (2017) for more
details and figures). Historically, the golden constant has been identified as
the most effective hedge against inflation, however, in more recent years, as
a result of an increasing financialisation of commodity markets (see Gogolin
and Kearney (2016) and Lucey et al. (2018)), white precious metals have
transformed from mere production goods to actively traded securities. As

investment assets, white precious metals could serve as an alternative, and

LA thorough presentation and discussion on academic findings about the gold-inflation

relationship can be found in Lucey et al. (2017).



maybe more effective protection against inflation.

In a recent investigation involving silver, Bampinas and Panagiotidis
(2015) document a strong time-varying relationship between silver and in-
flation for the UK but not for the US. However, McCown and Shaw (2016)
find evidence that white precious metals such as platinum and palladium
offer better hedging characteristics than gold in the US between 1992 and
2015. These conflicting results call for a thorough investigation of the infla-
tion hedging ability of white precious metals across different countries.

To take into account the transition and consequences resulting from a
shift towards an investment asset, this study employs a time-varying cointe-
gration framework to uncover whether white precious metals offer protection
against inflation. We investigate the long-run dynamics of those relation-
ships in order to compare pre- and post-transition characteristics of silver,
platinum and palladium using monthly data between January 1988 and De-
cember 2016. The countries in this study have been selected based on their
relative importance in the supply and demand of white precious metals. As
a result the countries selected are Canada, China, Germany, Italy, Japan,
Mexico, South Africa, South Korea, Switzerland, the United Kingdom, and
finally, the United States of America?.

Previous research on the financial aspects of white precious metals tends
to focus on trading activity (Batten et al. (2018)), or on hedging and safe
haven aspects of white precious metals against debt and equity (Lucey and
Li (2015) and Li and Lucey (2017)) more than on the hedging potential of
the precious metals against consumer price inflation. In this paper, we iden-
tify the inflation hedging potential of silver, platinum and palladium against
inflation rates in 11 countries. Working with the Johansen (1995) cointe-
gration test, we identify the relationship between white precious metals and

inflation, offering a sober approach to the subject and an insightful anal-

2Country-specific details can be found in The Silver Institute (2016) and Gold Field
Mineral Services Ltd. (2015).



ysis for investors and regulators. Furthermore, the identified cointegration
relationships are tested for time-variancy in order to understand the develop-
ment of a long-run positive relationship between the time series. We follow
previous research on precious metals (Beckmann and Czudaj, 2013, Batten
et al., 2014, Lucey et al., 2017) and offer a visualisation and an explanation
of changing relationships between the series. The findings are augmented
with the advanced quantile cointegration method, which are again set in a
time-varying framework.

The findings point to the superiority of platinum as an effective long-term
inflation hedge. While palladium is also found to be an effective inflation
hedge, the relationship is dominated by short-run dynamics. In line with
Bampinas and Panagiotidis (2015), silver is found to be the least effective
hedge across the elven countries considered. This relationship could be
explained by the predominantly industrial nature of platinum and palladium
compared to silver.

The empirical results suggest that white precious metals in general, and
platinum and palladium in particular, can be used as effective investment
assets in inflationary environments. Despite being yield free commodities,
they should be considered as candidates for a well diversified investment
portfolio.

In Section 2 the literature is briefly discussed, while Sections 3 and 4
will discuss the data and the methodology respectively. Empirical results

are presented in Section 5 while Section 6 concludes.

2. Literature Review

In comparison to the bulk of research that exists on the relationship
between gold and inflation, the research focusing on the inflation hedging
potential of white precious metals is limited (Vigne et al. (2017)). Taylor
(1998) provides first insides in respect to the hedging ability of silver. Us-
ing the US Consumer Price Index between January 1914 and April 1996,



the author finds that silver is both a short-run and long-run hedge against
American inflation. Results for silver indicate that the metal was a long-run
hedge over the entire period observed, but that silver also served as a short-
run hedge against the US CPI over many subperiods of the sample. This is
particularly true during the second Organisation of Oil Exporting Countries
(OPEC) crisis of 1979, but not during the first OPEC crisis of 1973.

The investigation is continued by Adrangi et al. (2003) a few years later
where the authors work with monthly averages of London Fix silver prices
between April 1967 and November 1999 as well as with the American Indus-
trial Production Index (IP) and the Consumer Price Index. Results show
that silver was a good hedge against inflation over the time period consid-
ered. Moreover, the authors find that the Fischer (1930) hypothesis holds,
in other words, real silver returns are not adversely affected by inflation.
Finally, the econometric results do not offer support in favour of the Fama
(1981) prozy hypothesis.

More recently, Bampinas and Panagiotidis (2015) take into account an-
nual data of gold and silver prices as well as consumer prices in the United
Kingdom and the United States of America between 1791 and 2010; Rein-
hart and Rogoff (2011) provide researchers with historical inflation data
going back this far. Both the linear Hodrick and Prescott (1997) filter and
an asymmetric Christiano and Fitzgerald (2003) band-pass filter are used
to derive expected CPI series. Bampinas and Panagiotidis (2015) are one of
the few papers to look at the relationship between silver and inflation in a
time-varying manner, where the methodology is based upon the Johansen
(1995) cointegration framework and upgraded with a Bierens and Martins
(2010) test for time-varying cointegration. For both countries, the UK and
the US, silver shares no long-run relationship with inflation; however, in a
time-varying framework, a strong long-run relationship does exist between
silver and UK inflation. Since a time-varying relationship still fails to exist

for the US, the authors conclude that silver was not an effective inflation



hedging instrument against American inflation in the past 200 years.

McCown and Shaw (2016) investigate the relationship between platinum,
palladium and inflation in the United States between 1992 and 2015. Cor-
relation results indicate that white precious metals are a better inflation
hedge than gold over the period considered. The authors go a step further
and also argue that platinum is the superior foreign exchange rate hedge,
akin to the alleged virtue of precious metals to function as international
currencies. Results based on the safe haven methodology proposed by Baur
and Lucey (2010) also indicate a strong potential of platinum to diversify
away equity portfolio risks.

In light of these conflicting findings about the ability of white precious
metals to hedge inflation, this study takes into account 28 years of data
for a multitude of developed and developing economies and rely on linear
and non-linear cointegration analyses in order to understand when and why

white precious metal act as inflation hedgers.

3. Data

The country selection is based on the relative importance of the individ-
ual countries on either the supply and demand side (or both) of silver, plat-
inum and palladium. Our investigation considers the previous mentioned
countries. National inflation is measured through the country’s official Con-
sumer Price Index (CPI) for all countries. Recent work has highlighted
the importance of unexpected inflation on the price of gold (Conlon et al.
(2017)), but is based on an understood relationship between realised inflation
and gold, which doesn’t exist so far for white precious metals and which this
paper is trying to provide. The most common white precious metal prices
are used, so that the prices considered are: the Handy & Harman US Dollar
price of silver per troy ounce, the US Dollar London Platinum Free Market
price of platinum per troy ounce, and finally, the London Metal Exchange

US Dollar price of palladium per troy ounce. The natural logarithm is con-



sidered across all series and the prices of silver, platinum and palladium were
converted into local currency in order to delete a possible US Dollar effect
in the relationship between white precious metals and inflation. Due to data
availability, the investigations ranges between January 1988 and December
2016, while a summary of the data and the relevant sources can be found in
Table 1.

Insert Table 1 about here

The selection of the 11 countries is motivated through their importance
on white precious metal markets and consist of a mixture of major produc-
ers, consumers, and markets. South Africa, Canada and the United States
are amongst the top five global producers of both platinum and palladium
(Gold Field Mineral Services Ltd. (2015)), alongside Zimbabwe and Russia,
which were both omitted from this study due to data availability. The role
of the United States and Canada as silver producing countries is also non-
negligible, where they rank on place 9 and 14 of the total global production
scale (The Silver Institute (2016)) - despite of course being two major play-
ers on the demand side of the market. While Australia is the 5" largest
producer of silver, it is very unfortunate that only quarterly inflation figures
exist for the Oceanic economy, leading to the decision of excluding the coun-
try from the investigation in order not to limit the data availability offered
by the 11 other countries. The world largest producer of silver is Mexico,
with 189.5 million ounces produced in 2015, considerably more than China
on the third place with 109.1 million ounces (The Silver Institute (2016));
while Mexico’s demand for white precious metals is not extraordinary, China
has a vast demand for all three metals, mainly coming from it’s industry and
high economic growth rate. Other big players of industrial demand for white
precious metals are Germany and the United Kingdom of Great Britain and
Northern Ireland, being together the two largest European demanders of
silver for industrial applications. While Italy is also a player on the indus-

trial demand side of white precious metals, it’s main importance is as the



largest demander of silver for jewellery production, where the Italian demand
stands for more than 50% of the total European silver demand (The Silver
Institute (2016)). A very different picture is seen for Japan, where nearly
the entirety of silver demand is industrial. Another Asian economy with a
large demand for silver in industrial applications is South Korea, though the
country is somewhat active as a jewellery producer as well. Switzerland is
an interesting actor on the silver market, while it’s role on both the supply
and demand side is relatively unimportant, the Furopean country is home to
13% of global ETP holdings, and alongside the United Kingdom, the major

trading centre for both platinum and palladium.

4. Methodology

The long-run inflation hedging potential of white precious metals against
inflation can be specified in the following equation using the generalised

Fisher effect framework:
WPMt:Oé—F,BCPIt—F,U,t (1)

Where W PM; stands for the natural logarithms of silver, platinum and
palladium prices respectively, while CPI; stands for the natural logarithm
of consumer prices; p; is the error term of the process. The cointegration
coefficient of regressors 5 denotes the long-run elasticity of white precious
metal prices with respect to inflation, illustrating the percentage change in
white precious metal prices for every 1% change in the level of inflation.
Superior hedge performance implies 8 > 1, while full hedge performance

implies 8 = 1 and partial hedge performance implies 0 < 8 < 1.

4.1. Time-Varying Vector Error Correction Model
Johansen (1991, 1995) proposes the error correction form of a given VAR
model of I(1) X's:

p—1
AXy =) ®AX, j+TIX 1 —q0—nt+e, &~ N(0,Q2)  (2)
j=1



where X is a k * 1 vector of the variables observed at time t =1, ..., 7.
Furthermore, 2 and ®; are k * k matrices with j = 1,...,p — 1, while 7o and
~1 are both the respective k x 1 vectors of the VECM’s intercepts and linear
trend coefficients.

Bierens and Martins (2010) propose a time-varying VECM of order p
in which the cointegrating vectors are smooth functions of time and that
for some t there are fixed r < k linearly independent columns of the time-

varying k x r matrix 8y = (Bit, ..., Brt):
p—1
AXy =) ®AX j+apiXi 1+ +e, t=1,...T (3)
j=1

In the above equation, e; ~ N¢(0,9), , is a fixed k * r matrix (with r
representing the cointegrating rank of the system), and §; is a time-varying
kr matrix with rank r. The null hypothesis of time-invariant cointegration
(IT, = II' = «fy) is tested against the alternative hypothesis of time-varying
cointegration of the type II} = af;. Q and ®; are k * k matrices while T
stands for the number of observations.

Assuming standard smoothness and orthonormality conditions, Bierens
and Martins (2010) argue that the parameters of vector ; can be approxi-
mated by a finite sum of Chebyshev time polynomials P; 7(t) of decreasing
smoothness for some fixed m:

m

B =Bm(t/T) => &rPr(t), t=1,..,T (4)
i=0
where 1 <m < T —1. &p = =31 BrPip(t) fori = 0,..,T — 1 are
unknown k * r matrices.
By substituting Equation 4 into Equation 3, the following is obtained:
p—1

AX; = & AXj+ a8 X" + 90+ 21, (5)
j=1

where & = (§,&1,-.-,&),) is an 7 % (m + 1)k matrix of rank r and Xt(Tl)



is defined by
X" = (X|_1, PLo(t) Xy, Por() Xy, oo, Por(DX1_y)  (6)

where the null hypothesis of time-invariant cointegration corresponds to
¢ = (8,0 k.m), so that §’Xt(in1) = ﬁ’Xt(inl), with Xt(g)l = X;_1 and can be
tested with a likelihood ratio test?.

4.2. Quantile Cointegration Analysis

Following Xiao (2009), we examine the relationship between white pre-
cious metals and consumer price indices across the quantiles in the condi-
tional distribution and investigate if the relationship follows a time-varying
process. This approach augments the findings of the Bierens and Martins
(2010) procedure proposed earlier by examining the entire distribution of
white precious metal prices as well as the time-varying cointegration coeffi-
cients. The long-run equilibirum between two time series can be estimated

with the following equation including lead-lag terms:

n
WPM; = a+ BjCPL+ Y ACPI_;jU;+ (7)
j=—-n
Given that Q,(7) with ®; = o{CPI;, ACPI;,Vj} can be used to denote
the 7’th quantile of ¢, conditional on ®;, the 7’th quantile of W PM,; is
given by:

n
Qwpa, (T|®) = a+ B(r)CPL+ > ACPI_;U; +1L,'(r)  (8)
j=—n
Where H;l(T) is the cumulative density function of ;; and Equation 7
can be rewritten as:
WPM, = 0(r) Z, (9)

3More details about the application of the Bierens and Martins (2010) procedure can
be found in Bampinas and Panagiotidis (2015) and in Lucey et al. (2017).
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while Equation 8 becomes:
Qwr,(T|®) = O(1)'Z, (10)

Where Z; is the vector of regressors including (1, CPI;) and (ACPI;_;,j =
—n, ...,n). Furthermore, © = (o, B, V", ..., ¥, ), and O(7) = (a(7), B(7), V", ..., V)
while a(7) = a 4+ I, '(7).
Time-variation behaviour of the cointegration vector §; can be tested
by means of the Kolgomorov-Smirnov statistic sup.|Vi(7)|, where Vp(7) =
T(9(r) — ¥). Note that ¥ = £, and J(r) is the quantile estimator from
Equation 8 and ¥ is a T-consistent estimator of ©. Finally, the sup,|J7(7)]
statistic has a non-standard asymptotic distribution while re-sampling meth-

ods are used to generate critical values.

5. Empirical Results

5.1. Cointegration Results

The Augmented Dickey Fuller procedure is applied to every series and
results indicate that all the time series are non-stationary and possess a unit
root (Table 2).

Insert Table 2 about here

The Johansen test results are displayed in Tables 3a and 3b and reveal

interesting findings for all the different countries.
Insert Tables 3a and 3b about here

Both platinum and palladium are cointegrated with inflation in Canada,
but silver fails to be. Indeed, while the importance of Canada is relatively
weak as a silver producing country, Canada is an important producer of
both platinum and palladium, a reason which could explain the observed

relationship.
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Regarding China, none of the three white precious metal are found to
have a long-run cointegration relationship with inflation. Concerning silver
and platinum, results indicate that no long-run relationship with inflation
exists; results different to those observed for palladium, where two cointe-
gration vectors indicate stochastic movements in the relationship pointing
towards short-term co-movements between the series. Indeed, the results
found for the relationship between palladium and inflation in China call for
a more detailed investigation into the short-term drivers of the cointegration
relationship which is provided later on.

In Germany, all three precious metals are cointegrated with inflation and
served as a hedge against inflation over the past 30 years. The demand for
white precious metals in Germany is very large on a Global scale, mainly
in the light that the demand for platinum and palladium in Germany is
fueled by a growing and strengthening vehicle production which is about one
third of the total European production (Gold Field Mineral Services Ltd.
(2015)). An identical finding is observed for Italy and South Korea, two
other industrial Nations where the prices of silver, platinum and palladium
were cointegrated with inflation over the past 30 years.

Considering the results of three other industrialised countries, namely
Japan, the United Kingdom of Great Britain and Northern Ireland, and
the United States of America, results point towards the ability of silver and
platinum to hedge inflation, but also towards stochastic elements in the
relationship between palladium and the three national inflation measures.

South Africa is a Global player on the supply market of both platinum
and palladium while Mexico is the globally leading producer of silver. In
both countries, all three white precious metals served as hedging instruments
against inflation between 1988 and 2016.

Finally, results for Switzerland indicate that while platinum is a long-run
hedge against inflation, the relationship for silver and palladium is somewhat

more complex and should be considered more carefully.
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5.2. Time-Variation and Quantile Cointegration

According to Table 4, time-variation is identified in the cointegration
relationship between all white precious metals and inflation indices, pointing

towards trends and seasonalities of the series.
Insert Table 4 about here

A country level quantile cointegration analysis between white precious
metal prices and inflation rates is conducted next. We examine the hedg-
ing performance at different points of the conditional distribution of metal
prices; the methodology of Xiao (2009) takes into account time varying coin-
tegrating coeflicients and estimates the cointegrating coefficient at different
quantiles of the conditional estimation of metal prices for each country.

Table 5 reports the results of the stability test, and the sup,|Vy(r)]
statistic shows that most of the results provide evidence that the long-run
relationships are not constant over time, except for the case of palladium in
China - where stochastic elements driving the relationship where identified

by the Johansen (1995) procedure.
Insert Table 5 about here

Table 6 presents the country-specific quantile cointegrating regression
results and it can be seen, that the coefficients are statistically significant
for the majority of the countries across quantiles. Overall, the quantile
regressions lend support to the hedging relationship between white precious
metals and inflation; and it is interesting to note that the occurrence of a
cointegrating relationship increases at higher quantiles, such as 7 = 0.75
and 7 = 0.90, for platinum in China. Further evidence seems to indicate
that some metals have no hedging effectiveness against inflation (for example
silver in China, Italy, Japan, Mexico, and South Korea; or palladium in Italy,
Mexico, and South Africa), results in contrast to those obtained through

a Johansen cointegration procedure (Tables 3a and 3b). Furthermore, it is
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suggested that the most superior hedge performance is the palladium market
in Switzerland while the lowest partial hedge performance is the platinum

market in China.
Insert Table 6 about here

Finally, when considering the effectiveness of the different white precious
metals in comparison to one another, it is evident that platinum ranks first
in terms of the number of significant cointegrating relationship at the 1%
significant level, followed by palladium and silver - indeed, we observe that
platinum has the highest percentage of superior hedge performance (82%),
followed by palladium (64%) and silver (45%).

5.8. Variation in long-run Relationships

Somewhat conflicting results are delivered by the two cointegration method-
ologies presented above and call for a formal and consolidating country-
specific investigation into the true nature of the relationship between white
precious metals and inflation. Indeed, an important issue that remains to
be addressed is when and how the long-run relationship between the series
changed.

The scaled trace statistic of Johansen’s cointegration procedure is ex-
tracted for every series and plotted over time, allowing for a visualisation
of the evolving relationship between white precious metals and inflation,
ultimately revealing when silver, platinum and palladium served as hedges

against inflation across the 11 different countries.
Insert Figure 1 about here

In Canada, palladium was the most reliable hedge against inflation through-
out the period considered, though silver also proved to be a somewhat effec-
tive hedge over certain time periods. Two things should be noted when ex-

plaining the superiority of palladium against platinum. First of all, Canada’s

14



relative importance as a supplier of palladium is more important than as a
supplier of platinum, and second, Canada’s demand for palladium as a pro-
duction factor for catalysts is much stronger than that for platinum. It is
noteworthy to mention that silver was a surprisingly good hedge against
inflation in Canada, except for a short period between 2000 and 2006, even
though the two series don’t share a formal long-run relationship (Table 3a).
It seems however, that while the demand for silver in Canada is relatively
low compared to other countries, the important chronological increase in
physical silver demand as an investment asset was beneficial for silver’s abil-
ity to hedge Canadian inflation. Around 2008, a break in the cointegration
relationship between platinum and Canadian inflation can be observed. An
explanation can be found in the strong fall in price of the white precious
metal between 2008 and 2009 and the continuous decrease in Canadian mine
production for platinum to approximately half the level of 2008 in the year
2010 (Gold Field Mineral Services Ltd. (2016)).

In conclusion, it can be said that while silver proved to be a surprisingly
effective hedging instrument against inflation in Canada, palladium was by
far the most effective inflation hedge of the three white precious metals
considered. The driving force behind the hedging relationship of platinum
and palladium with Canadian inflation seems to stem from mining activi-
ties, while the gradual shift towards using silver as an investment asset was

beneficial for the metals inflation-hedging abilities.
Insert Figure 2 about here

In China, the striking observation is similar to that made for Canada,
where it seems that palladium is the most reliable hedging instrument against
inflation. The trend for all three precious metals is that they became effec-
tive inflation hedgers over time, starting around the late 1990s for platinum
and palladium, and around the mid 2000s for silver. A break in cointegration
between platinum and Chinese inflation is indicated around the global finan-

cial crisis; pointing towards the relative superiority of silver and especially
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palladium to act as hedging instruments. Silver starts to be cointegrated
with inflation in China when the industrial demand for silver strongly grows
in line with silver linked industrial activities (The Silver Institute (2008)); a
similar story is observed for platinum in China, where industrial demand for
platinum starts picking up in the late 1990s (Johnson Matthey (2017)). Of
the three white precious metals considered, palladium was the most reliable
inflation hedge starting only around 1998, results in line with the stochastic
elements indicated by the Johansen (1995) procedure and suggesting that
the distribution of the different quantiles are pooled in the bipolar tails of
the sample. Again, the start of a cointegration relationship with inflation oc-
curs in line with the beginning of a period of growing demand for palladium
as an industrial production input (Johnson Matthey (2017)).

In China, the inflation hedging ability of white precious metals is a reac-
tion to their growing importance in industrial applications; similarly to what
is observed in Canada, palladium was the most effective inflation hedging

instrument of the three white precious metals.
Insert Figure 3 about here

In Germany, a trend away from cointegration can be observed over time
for all three white precious metals considered. However, similarly to what
is observed for Canada and China, palladium proved to have been the most
reliable investment to hedge inflation over the past 30 years. Furthermore,
the detrimental impact of the global financial crisis on the relationship be-
tween platinum and inflation can again be observed. However, in stark
contrast to what is observed for Canada and China, the recent crisis was
also detrimental to the relationship between silver and consumer price in-
flation in Germany. So while silver indeed has a considerable track record
as an investment asset in Germany, a formal investigation uncovers that
palladium is the more attractive inflation hedge out of the three precious
metals considered. The break in the cointegration relationship between sil-

ver and German inflation around 2009 is in line with a downturn in physical
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silver demand as a reaction to a lesser importance of the precious metal in
industrial applications and as an investment asset. The German car market
accounts for approximately one-third of European vehicle production, and
while both platinum and palladium can be used in the production of diesel
and gasoline engines, a decreasing importance of platinum to the benefit of
palladium can be noticed over the past decade (The Silver Institute (2016)).
So while the three precious metals were cointegrated with German inflation
during the beginning of the sample, pushed by their importance as industrial
production factors in the automobile industry for platinum and palladium,
and notably in the photographic industry for silver, a decreasing industrial
demand for silver and platinum led to a break in the relationship with in-
flation. On the other hand, the gradual shift away from using platinum as
a production factor in the automobile industry has strengthen the abilities
of palladium to act as an inflation-hedger.

Results for Germany are similar to those obtained for China, where
industrial application is the main driving force behind a possible inflation-
hedging ability. In line with results obtained for Canada and China, the

superiority of palladium as an inflation-hedge is revealed.
Insert Figure 4 about here

In Italy, results indicate that white precious metals were inefficient in-
flation hedges and that the positive long-run relationship with inflation is
driven by the early part of the sample. Indeed, silver, platinum, and pal-
ladium only acted as a hedge until mid-1998, and offered no protection
against inflation ever since; urging investors to reconsider investing in silver,
platinum, and palladium as a hedge against inflation. Results for Italy are
very insightful as the break in relationship between the three white precious
metals and national inflation is not in line with a slowing demand per se;
furthermore, the fact that Italy is the second global producer of silver jew-
ellery after India (The Silver Institute (2016)) doesn’t seem to play a role

on the metals inflation-hedging potential.
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So while the relationship between white precious metals and inflation
in Italy doesn’t depend on changes in the demand for any of the metals, it
can be concluded that none of the metals are attractive hedging instruments

against inflation due to underlying inflation dynamics in the country.
Insert Figure 5 about here

A somewhat similar story is observed in Japan, where all three white
precious metals stop to be cointegrated with inflation around the late 1990s,
early 2000s - similar results for gold are observed by Lucey et al. (2017).
A likely explanation can be found in the period of deflation the Japanese
economy was going through over the past decades, but also in the stagnating
economic activities of the country - results similar to those obtained for Italy,
where a break in the relationship between white precious metal prices and
inflation is also observed. While a downturn in the demand for silver in
Japan can only really be observed towards the end of the sample, the drop
in demand for platinum around the late 1990s is in line with the observed
break in Figure 5. Results in Japan are in stark contrast to those observed
for Germany, a comparably strong producer of vehicles driving the industrial
demand for platinum and palladium. Indeed, while the Japanese demand
for palladium was growing considerably over the 2000s (Johnson Matthey
(2017)), the metal never offered a protection against inflation; akin to the
more complex nature of inflation rates in Japan, that was going through
periods of deflation during the past three decades.

While Japan is one of the most industrial countries in the sample and has
had a record of considerable demand for the three precious metals over the
period considered, none of the three white precious metals considered offer a
reliable refuge against inflation; pointing towards the detrimental effects of
deflationary episodes on inflation-hedging abilities of precious metals (Hoang
et al. (2016)).

Insert Figure 6 about here
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Results for Mexico are in line with those obtained for Canada, China,
and Germany: palladium is the superior inflation hedge across all three
white precious metals considered. Indeed, palladium and the Mexican CPI
were cointegrated throughout nearly the entire sample, while platinum goes
in and out of inflation hedging phases. While Mexico is a very important
producer of silver, a break in cointegration is identified around the mid
2000s, indicating that changes in mining activities are not as important in
Mexico as they are in Canada.

The insightful results for Mexico reveal palladium as the most reliable
hedging instrument over the time period considered, while the relationship
with both silver and platinum breaks around 2004 - indicating that mining
activity is not the driving force of inflation hedging potential in the North

American economy.
Insert Figure 7 about here

The relative superiority of silver and palladium as inflation hedges is
again observed in South Africa, where the two metals were cointegrated with
the CPI during the early part of the sample. Considering silver, the slow
shift upwards of the trace statistic is in line with a steady decrease of silver
mine production over the past decades (The Silver Institute (2016)). Indeed,
the African country only produced about 40% of the silver quantity in 2015
compared to 2006, the year where silver isn’t cointegrated with inflation any
longer. South Africa is the world’s biggest producer of platinum and also a
global leader in the production of palladium. However, the inflation-hedging
capacities of platinum are scare to say the least; palladium only hedged
inflation during the first part of the sample. While a formal reasoning can’t
be found on the supply side of the two precious metals, a possible explanation
might be found in the underlying economy rather than in price movements
of the white precious metals per se. Indeed, it could be the importance of
white precious metals as exports of the South African economy; here the

argument is that the exposure to international metal prices is a driver of

19



national inflation and therefore, that the relationship between the metals
and the inflation rate is more complex than for other countries.

In South Africa, silver proved to have been the relatively most reliable
inflation hedge in comparison to platinum and palladium. So while South
Africa is an important producer of both metals, they did not serve as effective

hedges against rising prices in the African economy.
Insert Figure 8 about here

In South Korea, palladium is by far the most superior inflation-hedging
instrument out of the three white precious metals considered. While short
cointegration breaks can be observed around the mid 1990s and early 2000s,
palladium was comfortably cointegrated with South Korean inflation rates
up until 2013. So while the East Asian economy is home to an impor-
tant economy, and notably an important automotive industry, silver and
platinum were not very effective inflation hedges over the past 30 years.
However, similarly to Germany, another important car producing economy,
palladium was the most effective cointegration hedge over the entire sample.

A similar pattern to Germany is observed for South Korea, were palla-
dium was the most effective inflation hedge over the period considered. This
offers further evidence for the detrimental effects of deflation and disinflation
in Japan, were one would indeed expect hedging potential of palladium, in

the light of the importance of the automotive industry in the country.
Insert Figure 9 about here

Switzerland is, alongside the United Kingdom, one of the two major
trading centres for paltinum and palladium bullion (Gold Field Mineral Ser-
vices Ltd. (2015)), while the importance of Switzerland on the silver market
has been declining over the past few years (The Silver Institute (2016)),
with countries facing a decline of the amount of silver held nationally. The

relationship between white precious metals and inflation is telling a similar
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story, with silver being the weakest metal to hedge inflation. Again, pal-
ladium proves to be the most reliable inflation hedge, though it stopped
around the recent global financial crisis of 2008.

In Switzerland, the importance of the country as a trading centre seems
to be the decisive element in explaining the relationship between white pre-
cious metals and inflation. Indeed, while Switzerland is a key player on the
platinum and palladium market, the importance of the domestic market for
silver diminished over the past years, probably explaining why silver was not
a reliable inflation hedge. Considering palladium however, while the metal

was the best inflation hedge, this relationship stopped around 2008.
Insert Figure 10 about here

In the United Kingdom, white precious metals were surprisingly ineffec-
tive in hedging inflation. While some evidence of cointegration is found for
silver and palladium in the beginning of the sample, a break in cointegration
for all series with the CPI is observed around the early 2000’s. The differ-
ence in dynamics between precious metals and inflation series is in contrast
to the findings of Lucey et al. (2017), who formally investigate the long-
run relationship between gold and the UK CPI and provides evidence for
long-term cointegration between the series, that only breaks around 2009.

It therefore seems that gold is a far more reliable inflation hedge in the
United Kingdom compared to white precious metals (Lucey et al. (2017)).
While the United Kingdom is home to an important trade centre for precious
metals in general, despite being also an important player on the demand side,
it seems that the inflation dynamics of the country rather co-move with gold,

which official price is being fixed in London since 1919.
Insert Figure 11 about here

Results for the United States of America are very revealing and un-
cover the superiority of palladium as a white precious metal hedging con-

sumer price inflation. Indeed, palladium was cointegrated with the US CPI
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throughout the sample, except for a few short periods. Silver and platinum
on the other hand prove themselves to be quite unreliable hedging instru-
ments, though the United States are a very important player on the demand
side of both precious metals.

Results for the United States reveal the hedging superiority of palladium,
the most industrial of the three precious metals. Interestingly, silver is found
to be a very weak inflation hedging instrument, showing again that gold is
the precious metal capable of offer protection to investors, rather than silver
(Lucey et al. (2017)).

6. Conclusion

This study provides insights into the relationship between white precious
metals and inflation. The research is motivated by a lack of a detailed inves-
tigation, the apparent transition from industrial input to investment assets
and the recent introduction of ETFs for all three white precious metals.
Thereby allowing individual and institutional investors to better exploit the
investment characteristics of silver, platinum, and palladium.

Covering a 28 year period across eleven countries, the study finds that
platinum is the most effective long-term hedge. Whereas the inflation hedg-
ing abilities of palladium are expressed through short-term dynamics. While
many former studies investigate the inflation-hedging potential of gold (see
Batten et al. (2014), Hoang et al. (2016), or Lucey et al. (2017)) and silver
(Bampinas and Panagiotidis (2015)), none have formally investigated the
relationship between platinum, palladium, and inflation. Findings suggest
that platinum and palladium are more reliable inflation hedges because of
their industrial nature, while silver, the metal with the most precious at-
tributes to it is not very effective in this regard.

The empirical findings have important policy and investment implica-
tions, as investors view the commodity market as an attractive asset class

to diversify traditional portfolios of stocks and bonds. Our findings indicate
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that platinum and palladium outperform silver in an inflationary environ-
ment, thereby qualifying the two white precious metals as potential alter-
natives to classical inflation hedgers and also tools to further diversify an
investment portfolio.

Future research can build upon these findings and uncover the relation-
ship between unexpected inflation and white precious metals (Conlon et al.
(2017)), and derive safe haven properties of silver, platinum, and palladium
based on quantile regressions (Baur and Lucey (2010) and Lucey and Li
(2015)).
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Table 1: Data Sources used in the Study

Precious metals Source

Silver Handy & Harman (Ney York) USD/Troy ounce
Platinum London Metal Exchange USD/Troy ounce
Palladium London Metal Exchange  USD/Troy ounce

Countries Inflation Data

Canada CANSIM - Statistics Canada

China National Bureau of Statistics of China

Germany Federal Statistical Office, Germany

Italy Istat - National Institute of Statistics, [taly

Japan Ministry of Internal Affairs and Communications, Japan
Mexico INEGI - Instituto Nacional de Estadistica,

South Africa
South Korea
Switzerland
United Kingdom
United States

Geografia e Informatica, Mexico

Statistics South Africa

KOSTAT - Statistics Korea

FSO - Federal Statistical Office, Switzerland

ONS - Office for National Statistics, United Kingdom
Bureau of Labor Statistics, U.S. Department of Labor
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Table 2: Augmented Dickey Fuller Unit Root Test Results

Silver Platinum Palladium CPI
Canada -2.725%**  -2.490**"  -1.942*** -3.519*
China -2.400"**  -1.809***  -2.135"*  -2.406***
Germany -2.525"*  -2.268***  -1.981***  -2.181***
Ttaly -2.507*  -2.328***  -1.977***  2.885""*
Japan -2.485"*  -2.163**  -2.333*** -3.712*
Mexico -2.380™**  -1.723**  -1.829***  -1.446***
South Africa 2.813"* 2237 _1.883*** -3.928*
South Korea -2.7317 -1.887**  -1.938***  -1.690***
Switzerland -2.406™**  -1.830***  -2.066***  -3.008***
United Kingdom -2.201"** -2.251"**  -2.116"** -3.525*
United States -2.162***  -1.763**  -2.315™*  -2.213***

Note: We report the Test Statistic of the Dickey and Fuller (1979) test where

kokk  kok
)

1%, 5% and 10% level respectively.
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Table 3a: Johansen Cointegration Test Results

Max. Trace Max. Trace

Country Metal Rank LL Statistic | Country Metal Rank LL Statistic

0 1,866.4685 . 25.2116* 0 2,027.0531 . 60.1964

Silver 1 1,876.1781  0.05473 5.7922 Silver 1 2,054.5488  0.14734  5.2049*
2 1,879.0742  0.01665 2 2,057.1513  0.01497

0 1,953.6599 . 30.6545 0 2,105.5650 . 98.3713

Canada Platinum 1 1,966.0403  0.06945 5.8938* Italy Platinum 1 2,151.9287  0.23509 5.6440*
2 1,968.9872  0.01699 2 2,154.7507  0.01618

0 1,788.6496 . 26.1954 0 1,961.6789 . 50.1703

Palladium 1 1,799.0233  0.05853 5.4480* Palladium 1 1,984.4779  0.12381 4.5722%
2 1,801.7473  0.01571 2 1,986.7640  0.01317

0 1,581.4894 . 14.6206* 0 1,836.6138 . 19.3539

Silver 1 1,587.6826  0.03537 2.2341 Silver 1 1,845.9727  0.05296  0.6362*
2 1,588.7997  0.00647 2 1,846.2907  0.00185

0 1,656.9390 . 13.4134* 0 1,910.9172 . 20.4459

China Platinum 1 1,661.2681  0.02486 4.7552 Japan Platinum 1 1,920.4176  0.05404  1.4450*
2 1,663.6457  0.01373 2 1,921.1401  0.00422

0 1,521.2539 . 16.1810 0 1,760.5529 . 24.2835

Palladium 1 1,526.4424  0.02971 5.8041 Palladium 1 1,770.7432  0.05785 3.9027
2 1,529.3444  0.01673 2 1,772.6946  0.01135

0 2,033.2569 . 33.7277 0 1,726.5642 . 23.3600

Silver 1 2,047.0528  0.07644  6.1359* Silver 1 1,737.1161  0.05934  2.2562*
2 2,050.1208  0.01753 2 1,738.2442  0.00652

0 2,122.9717 . 32.0494 0 1,800.0031 . 26.1792

Germany  Platinum 1 2,136.4821  0.07491  5.0286* | Mexico Platinum 1 1,809.9669  0.05612  6.2518%
2 2,138.9964  0.01439 2 1,813.0928  0.01796

0 1,963.9575 . 26.3393 0 1,659.6616 . 26.0222

Palladium 1 1,975.2200  0.06285 3.8143* Palladium 1 1,670.4653  0.06071 4.4146*
2 1,977.1271  0.01093 2 1,672.6726  0.01271

Note: * stands for the failure to reject the null hypothesis at the respective rank. If the null
hypothesis can not be rejected at rank 0, the series are not cointegrated; if the null-hypothesis

can not be rejected at rank 1, the series are cointgrated with one cointgeration vector etc.
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Table 3b: Johansen Cointegration Test Results

Max. Trace Max. Trace
Country Metal Rank LL Statistic | Country Metal Rank LL Statistic
0 1,754.1527 . 32.7610 0 1,784.4830 . 47.0568
Silver 1 1,769.0563  0.08323 2.9538% Silver 1 1,806.1351  0.11828 3.7526*
2 1,770.5332  0.00857 2 1,808.0114  0.01085
0 1,818.7546 . 34.5730 0 1,873.4901 . 49.1810
South Africa Platinum 1 1 4414 0.08184 5.1994* United Kingdom Platinum 1 1,895.8993  0.12282 4.3625%
2 1,836.0411  0.01500 2 1,898.0806  0.01267
0 1,661.8358 . 36.7814 0 1,717.8391 . 22.2513
Palladium 1 1,678.3342  0.09121 3.7846* Palladium 1 1,725.0271  0.04116 7.8752
2 1,680.2265 0.01091 2 1,728.9648  0.02276
0 1,778.7567 . 62.4012 0 1,992.3986 . 28.2779
Silver 1 1,806.9995  0.15143 5.9157* Silver 1 2,005.1094  0.07104 2.8562%
2 1,809.9573  0.01705 2 2,006.5375  0.00824
0 1,877.4427 . 40.3831 0 2,088.4933 . 34.2486
South Korea Platinum 1 1,895.0011  0.09731 5.2664* United States Platinum 1 2,104.0254  0.08635 3.1844*
2 1,897.6343  0.01524 2 2,105.6176  0.00921
0 1,733.7410 . 34.5866 0 1,925.0291 . 20.4068
Palladium 1 1,748.5517  0.08228  4.9653* Palladium 1 1,932.6099  0.04312 5.2453
2 1,751.0344  0.01429 2 1,935.2325  0.01513
0 1,865.0535 . 54.1088
Silver 1 1,889.7418  0.13371 4.7323
2 1,892.1080  0.01366
0 1,944.3998 . 60.1007
Switzerland Platinum 1 1,972.1688  0.14909  4.5626*
2 1,974.4502  0.01318
0 1,791.3033 . 42.7491
Palladium 1 1,809.2724  0.09975 6.8110
2 1,812.6779  0.01972

Note: * stands for the failure to reject the null hypothesis at the respective rank. If the null
hypothesis can not be rejected at rank 0, the series are not cointegrated; if the null-hypothesis

can not be rejected at rank 1, the series are cointgrated with one cointgeration vector etc.
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Table 4: Bierens and Martins (2010) Test for Time-Varying Cointegration

Chebyshev Time Test 10% 5%
Country Metal p value
Polynomials Statistic Critical Value Critical Value

Platinum 2 0.0017 17.29%* 7.78 9.49

Canada
Palladium 1 0.0007 14.53%* 4.61 5.99
Silver 2 0.01677  12.08** 7.78 9.49
Germany Platinum 1 0.00053 15.08%* 4.61 5.99
Palladium 1 0.02536 7.35%* 4.61 5.99
Silver 2 0.03482 10.36** 7.78 9.49
Italy Platinum 1 0.00018  17.27** 4.61 5.99
Palladium 2 0.08648 8.14* 7.78 9.49
Silver 1 0.00582 10.29%* 4.61 5.99

Japan
Platinum 1 0.00211 12.33%* 4.61 5.99
Silver 1 0.00079 14.3%* 4.61 5.99
Mexico Platinum 1 0.06578 5.44* 4.61 5.99
Palladium 3 0.04212 13.06** 10.64 12.59
Silver 2 0.0218 11.47** 7.78 9.49

South
Platinum 2 0.00019  22.09** 7.78 9.49

Africa
Palladium 1 0.00055  15.02** 4.61 5.99
Silver 3 0.0585 12.16%* 10.64 12.59

South
Platinum 2 0.00153 17.52%* 7.78 9.49

Korea
Palladium 2 0.07313 8.56%* 7.78 9.49
Switzerland Platinum 1 0.00064  14.72** 4.61 5.99
United Silver 1 0.00235 12.11%* 4.61 5.99
Kingdom  Platinum 1 0 26.57** 4.61 5.99
United Silver 3 0.05959 12.11* 10.64 12.59
States Platinum 4 0.00566  21.62** 13.36 15.51

Note: ** and * stand for the rejection of the null hypothesis of time-invariance at the 5%
and 10% level respectively, depending on a 10% confidence level p-value. The Bierens and
Martins (2010) test approximates the cointegrating vector in the Johansen (1991) test by a
finite number of Chebyshev time polynomials and can be used to determine whether or not
the cointegrating vector varies with time. We follow Bampinas and Panagiotidis (2015) in
reporting results for m up to four and conclude that time-variation is observed unless at least

one m fails to rejects the null hypothesis.
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Table 5: Stability Test Results

. 1% 5% 10%
Country Metal sup:|Vp(7)| ’ ° ¢
Critical Value Critical Value Critical Value
Silver 88.652%** 5.785 4.308 3.652
Canada Platinum  152.708*** 4.598 3.166 2.666
Palladium  247.424*** 10.418 7.607 5.708
Silver 8.743%** 6.989 4.779 3.799
China Platinum 6.699%** 6.224 4.579 3.63
Palladium 4.792 7.89 5.705 5.127
Silver 238.569*** 5.198 4.348 3.588
Germany Platinum  279.452%** 4.118 3.117 2.652
Palladium  348.352%** 9.168 7.446 6.556
Silver 132.501%%* 8.622 5.399 4.464
Italy Platinum  203.041%** 5.964 4.344 3.496
Palladium  148.296%** 13.532 8.858 6.634
Silver 1569.7%%* 8.568 6.137 4.873
Japan Platinum  1785.6%** 7.577 5.054 3.855
Palladium 1134%%* 10.229 7.586 6.328
Silver 49.032%** 14.666 10.164 8.611
Mexico Platinum  53.783%** 8.905 7.708 6.18
Palladium  61.184*** 29.521 18.49 13.637
Silver 81.461*** 8.582 6.934 5.728
South
Platinum  101.458%** 8.774 6.43 4.925
Africa
Palladium  97.140*** 14.981 10.708 8.723
Silver 66.017*** 7.481 5.432 4.45
South
Platinum  115.689*** 5.146 3.984 3.384
Korea
Palladium  131.001%** 11.808 7.585 6.267
Silver 684.967*** 5.484 4.702 3.941
Switzerland Platinum  1274.8%** 4.506 3.524 3.098
Palladium  654.765%** 8.282 6.41 4.729
Silver 285.461*** 7.531 5.577 4.432
United
Platinum  200.190*** 4.735 3.681 3.119
Kingdom
Palladium  295.883%** 11.268 8.412 5.817
Silver T1.213%** 6.206 4.036 3.403
United
Platinum  146.617%%* 4.455 3.345 2.636
States
Palladium  136.716%** 6.975 5.788 4.914

Note: *** ** and * indicates statistical significance at the 1%, 5%, and 10% level respectively.
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Table 6: Individual Quantile Cointegration Analysis

Country Metal 7=0.1 7=0.25 7=0.5 T=0.75 7=0.9

Silver 3.1056%F*  3.1032%F*F  3.1032%F*F  3.0989**F*  3.1058***
Canada Platinum  2.6003*** = 2.6017*** 2.6017*** 2.6029*** 2.6021***
Palladium  3.1892%**  3.1904*** 3.1904***  3.186***  3.181***

Silver 0.1467 0.1408 0.1408 0.1345 0.1357
China Platinum  0.1212%¥%  0.1189%**  (0.1189%**  (.1206*** (.1222%**
Palladium 0.1645%**  0.16%** 0.16™%*%  0.1655%*F*  0.1714%**

Silver 3.6258%**  3.6357FFF  3.635TF**  3.6412%**  3.6352%F*
Germany Platinum  3.0138%**  3.0136*** 3.0136*** 3.0203***  3.018%**
Palladium  3.9181***  3.9065*** = 3.9065*** = 3.9046***  3.9002***

Silver 2.5259 2.5272 2.5272 2.5259 2.5263
Ttaly Platinum  2.1939%*%%  2.1963***  2.1963*** 2.1976***  2.194%**
Palladium 2.7374 2.7768 2.7768 2.7814 2.7764
Silver 1.3695 1.3718 1.3718 1.3657 1.354
Japan Platinum  0.3986***  0.4014%** = 0.4014%**  0.4047*** (.3978***
Palladium  8.5305%**  8.5231*** 8.5231*%** §.5155%**  8.512%**
Silver 1.292 1.309 1.309 1.2962 1.2911

Mexico Platinum ~ 1.2287#¥%  1.2282%%*  1.2282%** 12357+ 1.2309%**
Palladium 1.4579 1.4556 1.4556 1.4586 1.4443

South Silver 1.8325 1.8262%**  1.8262%**  1.8249%** 1.8237***
ou

Platinum 1.6681 1.6568 1.6568%* 1.653%* 1.6494**
Africa

Palladium 1.9165 1.9096 1.9096 1.9047 1.9188
South Silver 2.276 2.2777 2.2777 2.2754 2.2713

ou

Platinum  2.0221%%%  2.0246***  2.0246*%**  2.0276%**  2.028%**

Korea

Palladium  2.4548**%  2.4587*%  2.4587*%  2.4575%%  2.4595%*

Silver 3.3758*HFK 3. 3T49FHKE  3.3T49FKE  3.3696%**  3.367FF*
Switzerland Platinum  2.8063***  2.8102*%** 2.8102*** 2.8115%** 2.8039%***
Palladium  4.0733%**  4.0857***  4.0857***  4.0873***  4.0856***

Silver 3.0531%#FF  3.05%** 3.05%**  3.0383***  3.0375%H*

United
Platinum  2.4882%**  2.4796***  2.4796%**  2.4808*** 2. 4775%**

Kingdom
Palladium  3.2149%%%  3.2191***  3.2191%**  3.2173*** 3.2129%***
United Silver 2.7306 2.725%%F Q7K 9 7Rg¥HK 9 7IHAH

nite
Platinum 2.3161 2.3268%*F  2.3268%F*F  2,3289*** 2 3307***

States

Palladium 2.8311 2.8411%F8F  2.84171%FF  2.841%**  2.8339%**

Note: *** ** and * indicates statistical significance at the 1%, 5%, and 10% level respectively.
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Figure 2: Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - China

Figure 1: Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - Canada
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Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - Germany

Figure 3
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Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - Italy

Figure 4
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Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - Japan

Figure 5
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Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - South Afr

Figure 7
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Plot of Johansen’s Trace Statistic scaled by the 5% Crit

Figure 8
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Figure 9: Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - Switzerland
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Figure 10: Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - United

Kingdom
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Figure 11: Plot of Johansen’s Trace Statistic scaled by the 5% Critical Value - United

States
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