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Abstract
This study aims to examine whether the price exuberances in the prices of four main precious 
metals stem from their status as safe havens against economic uncertainty (proxied by the US EPU 
and Chinese CEPU indices). The findings reveal that the effects of both uncertainty measures 
on gold and silver prices, notably more pronounced in the case of the CEPU, persist for longer, 
particularly during the surge of uncertainty triggered by the COVID-19 pandemic. This finding 
highlights the safe-haven status of these metals, with a notable dominance of the CEPU 
in influencing the price dynamics of the gold and silver markets. However, as the observed price 
exuberances in gold and silver more closely align with periods of supply and demand imbalances, 
it is less likely that these movements are driven solely by investors seeking safe havens during 
times of uncertainty. Furthermore, the effect of the EPU on platinum and palladium prices is 
particularly pronounced during economic turmoil, whereas the effect of the CEPU is confined 
to the periods that coincide with price exuberances in these metals. In sum, this paper argues that 
the safe-haven status of individual precious metals is dynamic, and that price exuberances do not 
consistently originate from their safe-haven status.
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1.  Introduction

Commodity prices are traditionally recognized as a leading indicator of economic activity and are 
therefore strictly associated with economic uncertainty (Wang et al., 2015; Bannigidadmath and 
Narayan, 2021). There are at least two reasons behind this fact. Firstly, as commodities (especially 
primary ones) are inputs and crucial components in the production process, the price level of these 
inputs directly affects production costs. Secondly, as many basic commodity prices are determined 
by demand and supply conditions, they react to changes in supply and demand more quickly than 
manufactured goods and services (Kaldor, 1987; Garner, 2017). Hence, the drivers of global eco-
nomic activity are significantly shaped by commodity price movements (Ding et al., 2021) and, 
consequently, commodity prices may serve as early signals of the future path of global economic 
activity1 (Duarte et al., 2021). However, the story is somewhat different for the precious metal com-
modities. Because gold, for example, has a money-like characteristic regardless of whether it is kept 
in physical form or through the financial system (Narayan and Liu, 2011; Jones and Sackley, 2016) 
and in line with this fact, approximately half of the gold mined is utilized as a store of value and 
in bank transactions (Shafiee and Topal, 2010). Furthermore, with the advent of financial deriva-
tives in the early 2000s, the precious metal markets, along with the rest of the commodity markets, 
became investable assets (Brooks et al., 2015). For all these reasons, economic agents tend to use 
precious metals as hedges against stocks (Baur and Lucey, 2010; Baur and McDermott, 2010; Cou-
dert and Raymond-Feingold, 2011; Hasan et al., 2021) and exchange rates (Li and Lucey, 2017), 
as well as safe havens during economic and financial turmoil (Li and Lucey, 2017; Bilgin et al., 
2018; Huynh, 2020; Yilanci and Kilci, 2021; Umar et al., 2021; Chen et al., 2022; Chebbi, 2021).

The unprecedented spike in economic uncertainty caused by COVID-19 has prompted 
the need for further research into the interactions between economic uncertainty and precious 
metal prices. While the prevailing literature strongly highlights the safe haven status of precious 
metals, a notable tendency in studies within the field links the price exuberance of their prices 
to their perceived safe haven status, often without robust empirical evidence. To fill this gap, this 
study aims to identify the price exuberance of precious metals and then questions whether eco-
nomic uncertainty accounts for these exuberances for the period from January 1992 to July 2022. 
To this end, we follow a two-step estimation procedure. In the first step, we employ the SADF 

1 This function of commodity prices also underpins the “commodity price rule” argument, which 
contends that commodity prices and the general price level are tightly correlated, so achieving 
a targeted commodity price level would also control the overall inflation rate (Garner, 2017). Increasing 
commodity prices, for instance, indicate that the real economy is expanding so quickly that the general 
price level is in danger of accelerating (Cody and Mills, 2014). Therefore, many studies have argued 
the use of commodity prices as an information variable in the shaping and implementation of monetary 
and fiscal policies (Cody and Mills, 2014; Sephton, 2016; Garner, 2017).
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and GSADF approaches proposed by Phillips et al. (2011, 2012, 2015) to detect periods when 
precious metal prices exhibit signs of price exuberance. However, it is important to highlight that 
this method does not provide any hints as to the role of economic uncertainty in these instances 
of exuberance, leaving the results ambiguous with respect to the safe haven status of precious 
metals. Therefore, in the second step, we utilize the time-varying Granger causality (TVGC) ap-
proach proposed by Shi et al. (2018, 2020) to ascertain whether economic uncertainty2 contributes 
to the formation of price exuberance of precious metals.

Our study is innovative in several respects. Firstly, this paper extends its focus to a rela-
tively longer sample period spanning the last three decades, covering significant events such 
as the 1997 Asian Financial Crisis, the Global Financial Crisis (GFC), the Eurozone debt crisis, 
the 2014 oil price crash, China-US trade wars, COVID-19 pandemic and the Russo-Ukrainian 
War. Combined with the use of a methodology based on time-varying parameters, this enables us 
to capture whether the predicting power of economic uncertainty on precious metals would be he- 
terogeneous during these events. Secondly, despite the dearth of empirical evidence, the literature 
tends to attribute the formation of price exuberance coinciding with periods of heightened uncer-
tainty to the safe haven role of precious metals (Zhao et al., 2015; Ozgur et al., 2021). However, 
this paper contributes to the literature by testing the validity of this tendency, offering evidence 
of the potential predictive power of economic uncertainty on precious metal prices. To this end, 
we focus specifically on the US and Chinese economic policy uncertainties, considering their 
effect on commodity prices (Georgiadis, 2016; Trung, 2019; Bhattarai et al., 2020; Gai and Tong, 
2022; Chen et al., 2022). Thirdly, unlike previous studies, the paper investigates the roles of both 
US and Chinese economic policy uncertainties (EPUs) on precious metal prices in a comparative 
manner. This aspect adds novelty to the research as it explores the differential impacts of econom-
ic uncertainty from two major economies on precious metal markets. Lastly, the present study 
employs the time-varying Granger causality (TVGC) approach introduced by Shi et al. (2018, 
2020). Unlike constant coefficient models, the time-varying parameter models have the advantage 
of allowing time variation in the structural changes of the variable under consideration and thus 
provide a dynamic perspective in capturing the potential heterogeneity of the effects of exogenous 
shocks. Hence, these models are increasingly being adopted by the relevant literature examining 
the nexus of economic uncertainty and commodity prices (Tunc et al., 2022; Lyu et al., 2021; 
Ding et al., 2021; Gu et al., 2021; Huang et al., 2021). In addition, the existence and directions 
of causal links may change over time (Karabulut et al., 2020; Shafiullah et al., 2021), which fur-
ther justifies the use of a methodology based on time-varying parameters. 

2 Since the EPU index is an economy-wide uncertainty measure and reflects policy-related uncertainty 
as well as macroeconomic uncertainty (for detailed information, see Baker et al., 2016), we use 
the terms “economic uncertainty” and “economic policy uncertainty” interchangeably.
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The structure of this study is constructed as follows: The review of the literature covering 
both the pre- and post-COVID-19 pandemic periods is presented in Section 2. Section 3 provides 
the methodology and introduces the data. Section 4 presents the empirical findings and Section 5 
concludes the study.

2.  Literature

In addition to their industrial applications, precious metals function as investment instruments 
due to their money-like characteristics and safe-haven roles, and therefore the price exuberance 
of their prices has attracted increasing attention in the relevant literature. Since our primary ob-
jective is to detect the price exuberance in these prices and explore whether economic uncertainty 
accounts for in these instances of exuberance, our investigation holds particular relevance to two 
key strands of the literature.

The first strand of the literature comprises studies that focus on incidents of exuberance 
in precious metals prices. For example, Figuerola-Ferretti and McCrorie (2016) investigate inci-
dents of exuberance in four main precious metals prices for the pre- and post-GFC periods. Their 
findings indicate short-lasting common exuberance in gold and silver prices in the second quarter 
of 2006 and in 2011. The exuberance in platinum prices coincides with the beginning of the GFC 
while that in palladium prices aligns with the post-GFC period. Employing the SADF and GSADF 
tests on monthly data spanning from 1973 to 2014, Zhao et al. (2015) explore periods of price 
exuberance in gold. In addition to the one-and-a-half-year period of exuberance in late 1979, 
they reported two short-lasting episodes at the beginning of the GFC and a long-lasting period of 
exuberance from late 2009 to mid-2013. In line with these findings, Ozgur et al. (2021) reported 
longer-lasting periods of price exuberance for gold prices during the periods of 1997–1999, 
2003–2006 and 2007–2013. Compared to the exuberance in gold prices, periods of exuberance 
in palladium, platinum, and rhodium prices are typically short-lasting, with nine months on  
average. The longest-lasting period of exuberance in palladium prices coincides with price in- 
creases in 1998 caused by concerns about the supply disruption by Russia. Pan (2018) investigated 
the link between precious metals exuberance and market sentiments from 1990:01 to 2017:10. 
The results reveal evidence of price exuberance in both gold and silver prices during the GFC and 
Eurozone debt crises. Moreover, the results of logistic regression show that periods of price exu-
berance are more common when the volatility increases. Wahab and Adewuyi (2021) employed 
weekly data on copper prices as well as four precious metals prices for the period spanning from 
1990 to 2021. The exuberance in gold prices they detected coincide with the 1997–1999, 2006, 
2013 and 2020 periods while exuberance in silver prices is quite short-lasting and coincide with 
2004, 2006 and 2013. Periods of exuberance in palladium prices, on the other hand, intensified 
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during the 1997–1998 period, when palladium prices recorded highs due to the Russian supply 
crisis, and during the GFC period. Similarly, periods of exuberance in platinum prices coincide 
with the periods when palladium was increasingly being substituted by platinum. Gharib et al. 
(2021) investigated whether gold and WTI oil prices display similar behaviors of price exuber-
ance during the COVID-19 pandemic and report that both commodities’ prices exhibit common 
exuberance behaviors at the beginning of the outbreak of the pandemic. Employing the GSADF 
test, Khan and Köseoğlu (2020) focused on palladium prices for the period 1994:01-2020:01 and 
reported multiple periods of exuberance in palladium prices. The increasing substitution of palla-
dium due to the switchover of the automobile manufacturers to palladium in 1998 caused the first 
period of exuberance, while the second was related to the supply disruptions by Russia. The last 
period of exuberance coincides with the 2019–2020 period which is characterized by supply defi-
cits on palladium due to low production. 

Despite this abundant literature on the hedge functions of precious metals against stocks 
(Baur and Lucey, 2010; Baur and McDermott, 2010; Coudert and Raymond-Feingold, 2011; Lu-
cey and Li, 2015, 2017; Burdekin and Tao, 2021; Hasan et al., 2021) and bonds (Li and Lucey, 
2017), the literature on their status as safe havens against uncertainty is extremely scarce. Em-
ploying the NARDL approach, Bilgin et al. (2018) focused on the asymmetric effects of various 
uncertainty proxies on gold prices. The findings revealed that although the price of gold rises 
in response to heightened uncertainty, this rise is unlikely to be followed by a fall when uncertain-
ty conditions improve due to the asymmetry in responses. Using the EPU and VIX indices, Huynh 
(2020) analysed the causality between the four main precious metals and economic uncertainty. 
Based on the evidence on the existence of causality from economic uncertainty to precious metals, 
their results indicate the safe haven function of these metals to protect against uncertainty. How-
ever, as gold is more resistant to uncertainty shocks, the author concluded that it shows a lead-
ing safe haven status against uncertainty. Mokni et al. (2021) examined the effect of the EPU 
on the connectedness among precious metals during the COVID-19 pandemic using the quantile 
VAR methodology. They reached the conclusion that gold functions as the most dominant safe 
haven, whereas others exhibit heterogeneous responses to COVID-19. Shah et al. (2021) indicat-
ed that longer horizons are what really drives the cross-spillovers between policy uncertainty and 
precious metals. Because of their greater immunity to policy shocks compared to equity markets, 
the safe haven status of precious metals is more pronounced. 

In light of the above findings, it is clear that the empirical literature is aware of the sta-
tus of precious metals as safe havens. Few studies, however, draw attention to the time-vary-
ing dynamics. Based on a time-varying SVAR model, a study by Chai et al. (2019) investi-
gates the effects of country-specific EPU measures on gold prices and provides evidence in favor 
of the time-varying dynamics. More specifically, the EPU exerted positive responses of gold  
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prices during the GFC; however, these responses are negative in most countries during the Eu-
rozone debt crisis. In other words, the safe-haven function of gold is not stable but dependent 
on economic and political conditions. Huynh (2020) reported significant causality episodes to pre-
cious metals, and these episodes coincide with times of heightened uncertainty, such as the GFC, 
the Eurozone debt crisis, and the pandemic. Focusing on the China-US trade war period, Chen 
et al. (2022) examined the spillovers and time-varying dynamics on the nexus of Chinese and US 
trade policy uncertainties (TPU) and precious metals. The findings point to the existence of spill-
over impacts from both uncertainty measures to the precious metal markets; however, the US TPU 
dominates the market. Yilanci and Kilci (2021) analysed the causation from global EPU (GEPU) 
to precious metals and report evidence of the existence of time-varying dynamics. They found 
that precious metals responded to GEPU during the GFC, the 2016 US elections, and the Brexit 
referendum. Focusing on the COVID-19 period, Umar et al. (2021) examined the nexus between 
the global panic index (GPI) and precious metals. Their findings reveal that GPI acts as a shock 
transmitter while precious metals act as a net receiver. Silver has the strongest shock resistance, 
whereas platinum and palladium display a transmission form that changes over time. 

3.   Methods and Data

3.1  SADF and GSADF tests

To detect the period of exuberance in precious metals prices, we employ the supremum aug-
mented Dickey–Fuller (SADF) and generalized supremum augmented Dickey–Fuller (GSADF) 
tests. In these methodologies, the unit root test employs a forward recursive algorithm to identify 
the repeated behavior of the unit root concerning explosive. A forward recursive test procedure 
that employs a right-side ADF test and a sup test is as follows:       

1

2
1

0

,   ~ (0, )
t

n

t y i t t t
i

m m NIDα β γ ε ε σ
− −

=

∆ = + + ∆ +∑   (1)

where mt − 1 is the price of interest and n is the lags. The null hypothesis is β = 1, and this hy-
pothesis suggests that mt − 1 is unit root procedure. The alternative hypothesis, on the other hand,  
β  > 1 indicates that mt − 1 is explosive. At this point, Phillips and Yu (2011) recommend determin-
ing the ADF test statistic recursively. Therefore, the SADF test is obtained as the supremum value 
of the ADF statistic and is dependent on the repeated estimate of the ADF model on a forward-ex-
panding sample sequence. The SADF statistic can be estimated as follows:        

( ) ( ) { }22 00 ,1 rr rSADF r sup ADF∈=   (2)

where r0 and r2 is the smallest window width and the termination point of each sample, respec-
tively. However, the SADF is suitable if the series exhibits only one exuberance. To defeat this 
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shortcoming, Philips et al. (2012, 2015) suggest the GSADF test, which proposes a flexible win-
dow width, for cases when the series exhibits multiple exuberance. By shifting the initial and final 
recursion levels in the variable window range to the viable range, the GSADF modifies the regres-
sion’s r2 termination from r0 to 1 and increases the sample size. One key feature of the GDSAF is 
that it allows r1 to change from 0 and r2 − r0. More sub-samples of the data and a broader window 
help to improve the accurate identification of the explosive behavior for multiple exuberance. 
The GSADF statistic can be described as follows (Philips et al., 2015):

( ) ( ) ( ) { }2

12 0 1 2 00 ,1 , 0,
r

rr r r r rSADF r sup ADF∈ ∈ −=  (3)

The limit distribution of the test statistic can be constructed as below;
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  (4)

where rw = r2 − r1window size and W is the Wiener process. Phillips et al. (2015) claim that  
the GSDAF settled into a normal distribution if the procedure was a random walk. Starting with 
a conventional Wiener technique that exhibits continuous and stochastic characteristics, the simu-
lation may generate just a path sampled from a finite set of locations. The GSADF statistics have 
a higher critical value than the right tail of SADF. Each exuberance’s starting and terminating 
dates can be calculated using BASDF statistics, which are as follows:

( ) ( ) { }2

2 11 2 00 0,
r

r rr r rBSADF r sup ADF∈ −=   (5)

Numerical simulation is used to determine asymptotic critical values (cv), while the boot-
strap method represents an average of the distribution across a finite set of data. The exuberance 
starts when this statistic exceeds the critical value and terminates when the statistic is less than 
the critical value (Phillips et al., 2015). The starting and terminating points of an exuberance are 
determined by the respective equations:



[ ] ( ){ }2 22 0 2 0,1 : SADF
e r rr rr inf r BSADF r cv∈= >

[ ] ( ){ }2 22 0 2 0,1 : SADF
e r rr rr inf r BSADF r cv∈= > 


[ ] ( ){ }2 22 0 2 0,1 : SADF
e r rr rr inf r BSADF r cv∈= >  (6)



 ( ) ( ){ }2 22
2 0/ ,1

:
e

SADF
f r rr r log T T

r inf r BSADF r cv
η ∈ + 

= >

 ( ) ( ){ }2 22
2 0/ ,1

:
e

SADF
f r rr r log T T

r inf r BSADF r cv
η ∈ + 

= > 
 ( ) ( ){ }2 22

2 0/ ,1
:

e

SADF
f r rr r log T T

r inf r BSADF r cv
η ∈ + 

= >  (7)

where 

[ ] ( ){ }2 22 0 2 0,1 : SADF
e r rr rr inf r BSADF r cv∈= >

[ ] ( ){ }2 22 0 2 0,1 : SADF
e r rr rr inf r BSADF r cv∈= > and 

 ( ) ( ){ }2 22
2 0/ ,1

:
e

SADF
f r rr r log T T

r inf r BSADF r cv
η ∈ + 

= >

 ( ) ( ){ }2 22
2 0/ ,1

:
e

SADF
f r rr r log T T

r inf r BSADF r cv
η ∈ + 

= > are the starting and terminating points, respectively. cvSADF is the critical value of  
the SADF statistic when the sample size is equal to r2T and ηlog(T) is the minimum exuberance 
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length. Accordingly, the starting point is determined as the point on which the BSADF statistic 
exceeds the critical value. 

3.2 Time-varying Granger causality test (TVGC)

The time-varying dynamic effects of the US and Chinese economic policy uncertainty indices 
on precious metals are examined in the study by employing the recent approach suggested by 
Shi et al. (2018, 2020). The test utilizes three algorithms including forward (FO), rolling window 
(RO) and recursive evolving (RE). Assume a k-vector time series (yt) such as:

0 1t ty t uβ β= + +   (8)

where the error term ut follows a VAR(p) process:

1 1 ...t t p t p tu u uα α ε− −= + + +   (9)

where εt is the error term. Substituting ut = yt – (β0 + β1t) from Eq. (9) into Eq. (8) yields:

0 1 1 1 ...t t p t p ty t y yδ βδ α α ε− −= + + + + +   (10)

where δi is a function of βi and αi in which i = 0, 1 and j = 1, …, p.

Relying on the lag-augmented VAR (LA-VAR) model of Toda and Yamamoto (1995) and 
Dolado and Lütkepohl (1996), a Granger causality test for an integrated variable, yt , can be con-
ducted utilizing a compacted form of the LA-VAR model outlined below.

Y = ηΓ ' + XΘ' + BΦ' + ε  (11)

where ( )1 2, , , T T n
Y y y y ′×
= … , ( )1 2 2

, , , T T
η η η η ′×
= … , ( )2 1

1,t tη
× ′= , 
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×
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, ( )1 2 1
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x y y y′ ′ ′− ′− − ×
= … '
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×
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, ( )'1 2
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= …   and d is the lag addition parameter. 

Based on the restriction imposed by the null, H0: Rθ = 0, the Wald test is given by:
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estrictions. The Wald statistic is asymptotically 2
mχ  under the assumptions of null and the condi-

tional homoscedasticity (Toda and Yamamoto, 1995; Dolado and Lütkepohl, 1996). The method-
ology of Shi et al. (2018, 2020) uses supremum (sup) Wald statistic sequences. Wf2(f1) provides 
the Wald statistic over [f1, f2], with a sample size proportion of fw = f2 – f1 ≥ f0. The sup Wald  
statistic is expressed as

( ) ( ) ( ){ }20 1
1 2 0 2,  ,f f

supS f f
f f f f

=
∈∧ =

   (13)

where ∧0 = {(f1, f2): 0 < f0 + f1 ≤ f2 ≤ 1, and 0 ≤ f1 ≤ 1 – f0} and  f0 ∈ (0, 1) stands for the reduced 
sample size for the estimation of the VAR system. Based on alternative simulations, Shi et al. 
(2018) concluded that when f0 takes a value ranging between 0.18 and 0.24, the RO and RE algo-
rithms become more powerful. Following Shi et al. (2018), we choose the minimum window size,  
f0 = 0.2, as an optimal choice. In a switch scenario, the procedures for establishing dating rules are 
outlined through the below procedures:

•	 		rolling

[ ] ( ){ } ( ){ }0 0
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e
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•	 		recursive evolving
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where [ ] ( ){ } ( ){ }0 0
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 and ˆ
ff  stand for the first chronological estimation of observations where the test statis-

tic surpasses or falls below the critical values, respectively. cv stands for the critical value of Wf 
and scv stands for the critical value of SWf  statistics. 

Since the LA-VAR models, on which the time-varying Granger causality methodology is 
based, are designed to be robust for integrated and trending data, they can be applied without pre-
filtering, de-trending and differencing (Shi et al., 2020). With a comprehensive simulation study, 
Shi et al. (2020) compared the results of the forward, rolling window and recursive evolving algo-
rithms. They reported that the power of the FO algorithm is far below the RO and RE algorithms. 
Although the RE algorithm offers higher power compared to the RO algorithm, both algorithms 
have good size control (Shi et al., 2020).
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3.3  Data

We utilize monthly data on the spot prices of four main precious metals, i.e. gold, silver, platinum 
and palladium, retrieved from the International Monetary Fund (IMF) database. In the analy-
sis, economic uncertainty is represented by the US and Chinese EPU indices retrieved from 
the website https://www.policyuncertainty.com. All the time series span from January 1992 
to July 2022. The overall performances and descriptive statistics of the series are given in Fig-
ure 1 and Table 1, respectively. While some of the major events during our sample period were 
directly associated with commodity markets, others evolved mainly independently of these 
markets. Therefore, combined with the use of a methodology based on time-varying parame-
ters, this enables us to capture whether the influence of economic uncertainty on precious met-
als would be heterogeneous during these events that have diverse origins.

During the last three decades, the world economy has experienced a period full of a va-
riety of shocks in both commodity prices and economic uncertainty conditions. As evident 
in Figure 1, precious metals prices, which had remained relatively steady until 2002, rose sharp-
ly between 2002 and 2008. Though gold and silver prices moved together to a large extent 
throughout the period, notable peaks were seen in silver prices during the GFC and in gold pric-
es during the pandemic period. With the exception of the significant decline during the GFC, 
platinum prices remained high throughout the 2002–2016 period as a result of the steady in-
creases in demand for catalytic converters. As of the last quarter of 2018, palladium prices had 
risen to an all-time high, driven by a combination of factors including the automotive industry’s 
switch from platinum to palladium and a market shortage led by low production and strict envi-
ronmental regulations. 

With the outbreak of COVID-19, the US and Chinese EPUs exhibit unprecedented highs. 
However, based on its standard deviation, as well as the minimum and maximum values, we 
observe that the CEPU stands out as more volatile than the EPU (see Table 1). All variables are 
positively skewed, except for platinum. While most series exhibit a platykurtic distribution, only 
the EPU exhibits a leptokurtic distribution. Taken together with skewness and kurtosis, the JB test 
indicates that none of the series are normally distributed.
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Figure 1: Original time series of variables 

Source: Authors’ own elaboration

Table 1: Descriptive statistics

Median Mean Max. Min. Std. Dev. Skewness Kurtosis J–B Obs.

EPU 4.474 4.526 6.221 3.618 0.432 0.617 3.585 0* 367

CEPU 4.661 4.657 6.495 2.314 0.715 0.075 2.703 0* 367

Gold 6.500 6.526 7.585 5.548 0.686 0.042 1.344 0* 367

Silver 2.534 2.330 3.737 1.294 0.695 0.093 1.540 0* 367

Platinum 6.775 6.667 7.627 5.832 0.524 −0.151 1.730 0* 367

Palladium 5.927 6.047 7.963 4.390 0.875 0.210 2.282 0* 367

Notes: This table displays the descriptive statistics of each variable (in  log), namely the US economic policy 
uncertainty index (EPU), the Chinese economic policy uncertainty index (CEPU) and precious metals commo-
dity prices (gold, silver, platinum and palladium). The data span from January 1992 to July 2022. * indicates 
significance at the 1% level.

Source: Authors’ own calculations
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4.   Results and Discussion

4.1 Identifying price exuberance in precious metals

Our first step in this empirical investigation is to identify the periods of exuberance in the four 
price series. To this aim, we employ the supremum Augmented Dickey–Fuller (SADF) test pro-
posed by Phillips et al. (2011) and the generalized supremum augmented Dickey–Fuller (GSADF) 
test proposed by Phillips et al. (2015). These results are obtained by 2 000 replications and test 
statistics and the corresponding critical values are displayed in Table 2. Since the 1% right-tail 
critical values exceed the bootstrap critical values, we conclude that each precious metal exhibits 
periods of price exuberance for the period spanning from 1992:01 to 2022:07.

Table 2: Results of SADF and GSADF tests

Metal group Test statistics
Bootstrap critical values

99 95 90

SADF GSADF SADF GSADF SADF GSADF SADF GSADF

Gold 5.096* 5.096* 2.039 2.602 1.417 2.136 1.137 1.895

Silver 4.235* 4.235* 2.039 2.602 1.417 2.136 1.137 1.895

Platinum 4.148* 4.148* 2.039 2.602 1.417 2.136 1.137 1.895

Palladium 3.477* 3.926* 2.039 2.602 1.417 2.136 1.137 1.895

Notes: We used a lag order of 1 and the corresponding critical values obtained from 2,000 replications.  
*  indicate significance at the 1% level.

Source: Authors’ own calculations

In order to identify the periods of exuberance in the series, we also compute the BSADF sta-
tistics3. The start and termination dates of these periods of exuberances are displayed in Table 3. 
Accordingly, we detect three main periods of price exuberance for gold prices. The first period 
is short and mild, starting in mid-1997 and terminating in early 1998. The gold price fluctuations 
during this period are mainly attributed to the Taxpayer Relief Act of 1997 in the USA (Wahab 
and Adewuyi, 2021). Aside from a few brief breaks (from October to November 2006 and from 
November 2008 to January 2009), the second period of exuberance encompasses the whole period 

3 The computed BSADF statistics are plotted in Appendix. In addition to the BSADF statistics, we 
reported the 95% finite sample critical values and the original time series of the variables on the same 
graphs for easy comparison.
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spanning from December 2005 to the first quarter of 2013. This long-lasting period of exuber-
ance matches perfectly a series of events. For example, in 2006, in addition to the strong demand 
originating from China, the weakening dollar, the rising oil prices and the political tensions over 
Iran’s nuclear activities caused gold to settle at the peak of the last two decades. With the outbreak 
of the GFC, in response to the economic downturn and loosening monetary policy, investors shifted 
their assets from the depreciating dollar to gold, further increasing gold’s value (Hergt, 2013). For 
the first time in years, gold prices dropped in 2013 as central banks reduced their net purchases 
and investor demand weakened. The stronger dollar also played an important role in pushing 
gold prices lower (Street et al., 2014). All these reasons contributed to the end of the long-lasting 
period of exuberance in gold prices in the second quarter of 2013. The third period of price exu-
berance we detected is short-lived and covers the period from July to September 2020 overlapping 
with the peak of the COVID-19 pandemic. Moreover, the collapse in oil prices and global stock 
markets have also contributed to the increase in gold prices during the pandemic (Wahab and 
Adewuyi, 2021; Gharib et al., 2021). It should be noted that our findings on gold price exuberance 
are generally similar to the studies of Ozgur et al. (2021), Gharib et al. (2021) and Wahab and 
Adewuyi (2021). 

Table 3: Periods of exuberance of precious metal prices

Starting 
date

Terminating 
date

Duration 
(months)

Starting 
date

Terminating 
date

Duration 
(months)

Gold

1997:07 1997:09 3

Palladium

1998:02 1998:07 6

1997:11 1998:02 4 1999:12 2000:05 6

2004:01 2004:02 2 2000:07 2001:03 9

2005:12 2006:09 10 2019:03 2019:05 3

2006:12 2008:10 11 2019:08 2020:03 8

2009:02 2013:04 51 2020:09 2021:09 13

2020:07 2020:09 3

Silver

2004:01 2004:05 5

Platinumm

2004:01 2004:05 5

2006:03 2006:07 5 2006:02 2006:11 10

2008:02 2008:09 8 2007:02 2008:09 20

2010:11 2011:11 13

Source: Authors’ own calculations
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We detect only four mild periods of exuberance in the price of silver. The first and second 
periods are short-lasting from January to May 2004 and from March to July 2006. The first period 
coincides with the time when the price of silver surged by 36% driven by the launch of the first 
silver exchange-traded funds (ETFs) by Barclays4. These rises persisted through the first three 
quarters of 2008 which coincided with the third period of exuberance, but the economic out-
look deteriorated dramatically at the end of the year, causing silver and other metal prices to fall. 
The price of silver rebounded throughout 2009, and this recovery continued as net investment 
in silver in 2010 nearly doubled from the level seen in 2009, leading to the last period of exu-
berance we detected, which began in November 2010 and terminated in November 2011. In ad-
dition, we detect six mild periods of exuberance in palladium prices, the first three of which are 
from February to July 1998, from December 1999 to May 2000, and from July 2000 to March 
2001. The first two periods were driven by the rise in the prices of palladium due to rising de-
mand from the automotive sector. However, in 2001, delays in Russian platinum group metals 
(PGM) shipments disrupted supplies, pushing palladium prices to historical highs. The high cost 
of palladium led to a decline in demand as car manufacturers switched to using less expensive 
platinum in catalytic converters for gasoline engines (US Geological Survey, 2012). Therefore, 
platinum prices had grown steadily till the end of 2007. This steady increase in platinum demand 
is responsible for the three main periods of exuberance in platinum prices between 2004 and 
2008 (see Table 5). Due to its much lower cost compared to platinum, manufacturers switched 
back to palladium. The last three periods of exuberance detected in palladium prices correspond 
to the periods from March to May 2019, from August 2019 to March 2020, and from September 
2020 to September 2021. As a result, the price of palladium increased by roughly 60% in 2019 
alone, making it the best-performing precious metal (Khan and Koseoglu, 2020). Despite the dis-
ruption in industrial demand driven by the COVID-19 pandemic, the palladium market deficit 
has also increased in 2020, with an increase in auto catalyst demand due to tightening emissions 
regulations (Bloxham et al., 2020). The main difference between the platinum and palladium price 
dynamics over the last three years is platinum’s stable position and its low price, and palladium’s 
sustained deficits and record high price (Chigumira, 2020).

In sum, the GSADF results indicate more persistent and long-lived periods of exuberance 
in gold among precious metals. In line with Figuerola-Ferretti and McCrorie (2016), our find-
ings seem to imply that silver price exuberance largely coincided with gold price exuberance 
during the 2004–2012 period and thus the price of these two metals was tied to each other during 
this period. It should also be noted that except for minor deviations in the start and termination 
dates of exuberant periods due to differences in sample selection and data frequency, our findings 

4 https://www.silverinstitute.org/silverprice/2000-2010/
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on gold, silver, platinum and palladium price exuberance are generally similar with the studies 
of Zhao et al. (2015), Ferretti and McCrorie (2016), Khan and Koseoglu (2020), Ozgur et al. 
(2021) and Wahab and Adewuyi (2021). 

4.2 Results of the time-varying Granger causality

To examine the dynamics of Granger causality running from both the EPU and CEPU to four 
precious metals prices, i.e. gold, silver, platinum and palladium, we utilize the TVGC approach 
proposed by Shi et al. (2018, 2020). As already stated in the methodology section, the TVGC test 
utilizes three algorithms, i.e. forward (FO), rolling window (RO) and recursive evolving (RE) 
algorithms. In empirical applications, the results of these algorithms show some heterogeneities. 
The reason is that the FO and RO algorithms are based on Wald statistics whereas the RE algorithm 
is based on the recursive computation of the test statistics for a sequence of backward-expanding 
samples. In addition, the RE algorithm endogenously determines the origination and termination 
points in Granger causality and allows for potential heteroscedasticity (see Shi et al., 2018, 2020). 
Considering all of these advantages, it is worth noting that the RE algorithm produces results that 
are more closely related to economic expectations than the FO and RO algorithms. Therefore, 
we prefer to report the results of the RE algorithm5. Figures 2–5 show graphical representations 
of the TVGC results using the RE algorithm, with panels (a) Granger causality running from 
the US EPU (EPU), and panels (b) Granger causality running from the Chinese EPU (CEPU).

Figure 2a shows the results of TVGC from the EPU to gold prices. The RE algorithm de-
termines four main episodes of Granger causality; the first lasts 6 months from February to July 
2008; the second from July to November 2016; the third in July 2019; and the fourth from January 
2020 to July 2022. The first and second episodes coincide with periods characterized by height-
ened uncertainty, such as the GFC and the US presidential election in November 2016. In addi-
tion, the last episode is the longest-lasting episode starting from the early phase of COVID-19 
to the end of the sample period. The plot in Figure 2b reveals that there are three main episodes 
in which Granger causality runs from the CEPU to gold prices. The first episode lasted approxi-
mately one year from April 2005 to March 2006; the second in March 2008; the third from Sep-
tember 2013 to the end of the sample period (with the exception of two small breaks in March 
2017 and from May to October 2021). In fact, this first episode is one of the two most notable 
differences between panels (a) and (b). To put it more clearly, in contrast to the EPU, the CEPU 
has significant predicting power on gold prices during the period 2005–2006. Similar to the case 
of the EPU, the second episode coincides with the GFC period during which the CEPU experi-

5  The results of the FO and RO algorithms are available upon request.
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enced moderate increases. Another difference between panels(a) and (b) is that the Granger cau-
sality channel from the CEPU to gold prices opened much earlier, specifically in 2013, compared 
to the channel from the EPU to gold prices, which opened with the early phase of COVID-19. 
The main implication is that the CEPU appears to have had an earlier and potentially more signif-
icant impact on gold prices compared to the EPU.

Figure 2: TVGC running from economic uncertainty to gold

Source: Authors’ own elaboration

Figures 3a and 3b display the results of TVGC running from the EPU and CEPU to silver 
prices, respectively. In both cases, the RE algorithm detects two main Granger causality episodes. 
For the EPU, the first episode lasts one year from February 2017 to January 2018 and the sec-
ond from January 2019 to the end of the sample period. For the CEPU, the first episode lasts six 
months from September 2012 to February 2013; the second from September 2013 to the end 
of the sample period. It is noteworthy that these channels have been quite similar to the channels 
in which Granger causality runs from the EPU and CEPU to gold prices (see Figures. 2a and 2b). 
The most striking point here is that, just as in the case of gold prices, the channel from the CEPU 
to silver prices opens much earlier than the EPU channel, that is, in late 2012. 
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Figure 3: TVGC running from economic uncertainty to silver

Source: Authors’ own elaboration

Three specific points stand out from the above findings. Firstly, in contrast to the moderate 
increases during the GFC period, both the EPU and CEPU have experienced unprecedented histor-
ical peaks throughout the 2020s due to the spread of COVID-19 variants and the Russo-Ukrainian 
War (see Figure 1). Combined with this fact, the longer-lasting episodes at the end of the sample 
period confirm the well-known fact that gold and silver act as safe investment havens during 
times of heightened uncertainty (Joëts et al., 2017; Bilgin et al., 2018; Bakas and Triantafyl-
lou, 2020; Chen et al., 2022; Dinh et al., 2022). Moreover, the effect of a prolonged uncertainty 
shock on these prices is more persistent and longer-lasting than that of a shorter one. Secondly, 
the current literature focusing on the emergence of exuberance in precious metals prices tends 
to attribute these price movements to the safe-haven roles of these metals against economic un-
certainty (Zhao et al., 2015; Ozgur et al., 2021). Our findings do not support this tendency, as we 
found no evidence of Granger causality from both the EPU and CEPU to gold and silver prices 
during these periods of exuberance. Instead, we argue that exuberance in gold and silver prices 
may have resulted from supply/demand imbalances, not due to their role as safe havens against 
economic uncertainty. Thirdly, beyond historical peaks of economic uncertainty, the significant 
predictive power of the CEPU on gold and silver prices becomes particularly apparent during 
periods of heightened demand for these metals in China. This observation highlights China’s 
increasing influence in these markets and underscores the heightened sensitivity of these markets 
to uncertainty dynamics in China. Consequently, we assert that the CEPU exerts a greater influ-
ence on the gold and silver markets compared to the EPU.
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The TVGC running from the EPU and CEPU to platinum prices are illustrated in Figures 
4a and 4b, respectively. The RE algorithm determines two episodes in which Granger causality 
runs from the EPU to platinum prices; the first from February to July 2008; and the second from 
October 2016 to the end of the sample period (with the exception of small breaks). The first  
episode coincides with the GFC, while the second covers important historical events such as the 
US-China trade war, COVID-19 and the Russo-Ukrainian War. Fig. 4b, on the other hand, detects 
a long-lasting episode from October 2006 to July 2008, as well as two short episodes in March 
2020 and from November 2020 to January 2021. One specific point stands out from these find-
ings. The EPU has a significant predicting power on platinum prices during periods of economic 
turmoil, such as the GFC, the US-China trade war, COVID-19, and the Russo-Ukrainian War, in-
dicating the role of platinum as a safe haven against economic uncertainty in the USA. The CEPU, 
on the other hand, has significant predicting power on platinum prices during the periods when 
platinum prices exhibited the longest-lasting period of exuberance (see Table 3). In other words, 
CEPU becomes particularly influential in shaping platinum prices when there are upward price 
movements characterized as price exuberance.

Figure 4: TVGC running from economic uncertainty to platinum

Source: Authors’ own elaboration

Figures 5a and 5b display the results of TVGC running from the EPU and CEPU to palladi-
um, respectively. The algorithm determines three main episodes: the first from May 2003 to April 
2007; the second from August 2017 to June 2018; and the third from February 2019 to April 2020 
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(Figure 5a). Interestingly, the first episode coincides with the 2003–2007 period characterized 
by the sharp declines in global palladium demand due to the increasing substitution of platinum 
in catalytic converters. The other two episodes coincide with the post-2016 period when palladi-
um prices began to experience unprecedented increases due to the increasing demand for palla-
dium, and the last episode terminates in mid-2020 when palladium prices began to decline. For 
the CEPU-palladium pair, on the other hand, the RE algorithm detects only two episodes from 
November 2015 to April 2016 and from June 2017 to the end of the sample period (Figure 5b). 
Compared to the post-2016 channel from the EPU, the Granger causality channel from the CEPU 
opens earlier in April 2016, at the beginning of the unprecedented increases in prices, and it lasts 
until the end of the sample period. Note that the Granger causality episodes from the EPU and 
CEPU corresponding to the end of the sample period cover the long-lasting period of exuberance 
in palladium prices we detected (see Table 5). 

Figure 5: TVGC running from economic uncertainty to palladium

Source: Authors’ own elaboration

The most striking finding is that significant Granger causality episodes from the CEPU 
to both platinum and palladium coincide with observed periods of their price exuberance. In other 
words, the majority of the price exuberances that we detected in platinum and palladium prices 
overlap with the periods during which the CEPU has significant predicting power on these metal 
prices. This raises intriguing implications, particularly considering China’s pivotal role as a major 
consumer of platinum group metals (PGM), accounting for approximately 30% of global demand 
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in 2021, a significant increase from about 5% in 1998 (Mattley, 2021). This surge in China’s 
demand for PGM offers a plausible explanation for the dominance of the CEPU in influencing 
the prices of these metals during episodes of exuberance. The ever-growing demand for PGM 
positions the CEPU as a key influencer on the prices of platinum and palladium during episodes 
of significant price surges.

In sum, it is obvious from the above findings that the effects of both the EPU and CEPU 
on individual precious metals are time-varying. This result is consistent with the literature that 
has highlighted the time-varying dynamics (Chai et al., 2019; Huynh, 2020) and provides comple-
mentary evidence to the literature focusing on the effects of other uncertainty and risk measures 
on precious metals (Chen et al., 2022; Yilanci and Kilci, 2021; Umar et al., 2021). As a result, we 
conclude that the role of individual precious metals as safe havens against economic uncertain-
ty cannot be considered regardless of existing economic and political conditions. Additionally, 
in contrast to the literature that emphasizes the dominant role of gold as a safe haven (Huynh, 
2020; Mokni et al., 2021), we find that the role played by individual precious metals as safe 
havens against economic uncertainty changes over time. This result is in line with Lucey and Li 
(2015), Li and Lucey (2017) and Hasan et al. (2021). 

5.  Conclusion

Precious metal commodities have historically functioned independently from other commodity 
classes, especially during turbulent periods, due to their safe-haven roles. Consequently, the no-
table exuberance in their prices and their safe haven status against economic uncertainty have 
attracted increasing attention in the relevant literature. However, the prevailing tendency with-
in this body of literature leans towards attributing these exuberances that coincide with periods 
of heightened uncertainty to the safe-haven role of precious metals, even in the absence of empiri-
cal evidence. To test the validity of this tendency, this study aims to identify the periods of exuber-
ance in precious metals prices and question the extent to which economic uncertainty contributes 
to these price exuberances. 

The key question we addressed was whether precious metals, namely gold, silver, platinum 
and palladium, tend to exhibit price exuberances during the period from January 1992 to July 
2022 and, if so, to what extent economic uncertainty contributes to these price exuberances. Eco-
nomic uncertainty was proxied by the economic policy uncertainty index (EPU) constructed by 
Baker et al. (2016). Since the US and China are the largest consumers of precious metals, we 
comparatively concentrated on the US and Chinese EPUs in this study. To this end, we followed 
a two-step estimation procedure. In the first step, we employed the SADF and GSADF method-
ologies proposed by Phillips et al. (2011, 2012, 2015) to detect the periods of exuberance of pre-
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cious metal prices. We then utilized the time-varying Granger causality (TVGC) approach of Shi 
et al. (2018, 2020) in the second step.

The estimation results reveal that all precious metals prices – gold, silver, platinum, and 
palladium – display exuberant behavior. Specifically, gold and silver experienced their most pro-
longed periods of price exuberance during the Global Financial Crisis (GFC) and the Eurozone 
debt crisis. Platinum showed similar behaviors from 2004 to 2008, while palladium’s main pe-
riods of exuberance occurred from 1998 to 2001 and from 2019 to 2021. Moreover, our results 
provide strong evidence in favor of the time-varying Granger causal effect of both economic 
uncertainty measures on individual precious metals. More specifically, the predicting powers 
of the EPU and CEPU on gold and silver prices are more pronounced and persist for longer 
at the end of the sample period, particularly during the great spike of uncertainty brought about by 
the pandemic and the Russo-Ukrainian War. Moreover, the effect of the EPU on these metals be-
comes more pronounced during periods of heightened uncertainty, whereas the effect of the CEPU 
becomes noticeable when demand for these metals from China is increasing. Therefore, we argue 
that the CEPU is more dominant in the gold and silver markets compared to the EPU. However, 
it should also be noted that the EPU and CEPU have no predicting power on gold and silver prices 
during the periods of exuberances we detected. This suggests that not all price exuberances in pre-
cious metal prices can be attributed to heightened uncertainty. Instead, the exuberances in gold 
and silver prices are more likely due to imbalances in supply and demand, rather than being driven 
by investors seeking a safe haven during times of uncertainty. On the platinum and palladium side, 
the EPU has a significant predicting power on these prices during periods of economic turmoil, 
indicating their safe haven roles against economic uncertainty in the USA. Conversely, the CEPU 
has a significant predicting power on platinum and palladium prices during the periods when these 
prices exhibited the longest-lasting periods of exuberances. In other words, the CEPU becomes 
particularly influential in shaping these prices when there are upward price movements character-
ized as price exuberance.

In sum, our findings clearly demonstrate that the effects of both the EPU and CEPU on in-
dividual precious metals are time-varying. Therefore, in contrast to the literature that emphasizes 
the dominant role of gold as a safe haven, we conclude that the role of individual precious metals 
as safe havens against economic uncertainty changes over time. Given that precious metals have 
money-like characteristics and serve as crucial inputs into production processes, these findings 
have important policy implications. By identifying periods of price exuberance for precious met-
als, we can better understand the underlying causes of these fluctuations. Furthermore, exploring 
how this price behaviour interacts with economic uncertainty can deepen our comprehension 
of their attributed safe haven status. Therefore, one of the critical implications of this study is 
that investors, policymakers and other relevant stakeholders may closely monitor the uncertainty  
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conditions of global players on these metal markets, as well as the supply and demand conditions 
for these metals. For future research, broadening this analysis to comprise other commodity class-
es may yield further policy implications and improve our knowledge of market dynamics.
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Appendix

Figure A: BSADF sequence: periods of exuberance in precious metals prices 

Notes: The original time series are depicted by the solid black line on the right vertical axis, whereas BSADF 
sequences and 95% finite sample critical values are depicted by the  dashed blue and red lines on  the  left 
vertical axis, respectively. An exuberance phase is identified whenever the BSADF sequence heightens over 
the corresponding critical value.

Source: Authors’ own elaboration
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