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Abstract: Commodity price co-movements significantly impact investment decisions. High corre-
lations constrain portfolio diversification and limit risk mitigation potential. While international
markets often exhibit strong price linkages, understanding national-level dynamics is crucial for
effective portfolio optimization. In this paper, we examine the commodity price co-movements within
three key sectors—energy, metals, and agriculture—in the specific context of Pakistan. Utilizing data
from 13 January 2013 to 20 August 2020 and employing an autoregressive distributed lag (ARDL)
model, we reveal a surprising finding: co-movement among these sectors is weak and primarily
short-term. This challenges the conventional assumption of tight coupling in national markets and
offers exciting implications for investors. Our analysis suggests that Pakistani commodities hold
significant diversification potential, opening promising avenues for risk-reduction strategies within
the national market.

Keywords: commodity prices; diversification; Pakistan Mercantile Exchange; ARDL; energy

1. Introduction

The heightened scholarly interest in commodity price research over the past two
decades can be attributed to the growing recognition of two fundamental aspects. Firstly,
commodities play a pivotal role in shaping economic decision-making processes. This
key role stems from the macroeconomic landscape, where commodity price movements
serve as critical indicators of the fundamental economic conditions. The research by Cody
and Mills (1991) stresses the role of commodity prices as signals for future economic
trends, while Clarida et al. (1998) emphasized their informative value regarding inflation,
interest rates, and output growth. Additionally, commodity prices play a substantial role
in the strategic design of monetary policies and serve as crucial input factors in industrial
production, as demonstrated by Bhar and Hamori (2008). Importantly, the link between
commodity prices and macroeconomic variables, including inflation rates, interest rates,
and trade balances, is particularly evident in futures markets, as observed by Zhang and
Ding (2021). In contemporary society, commodity consumption (e.g., energy) serves as the
cornerstone of both economic prosperity and social progress (Dospinescu and Dospinescu
2018). Considering these connections, the impact of commodity pricing on policymaking
becomes apparent. Zhang and Ding (2021) advocate for leveraging commodity futures
price movements for real-time economic oversight, enabling timely adjustments in policies.
Furthermore, the work of Janzen et al. (2018) highlights the substantial influence of
commodity price swings on the internal and external stability of countries, thereby shaping
specific monetary and financial policies.

Secondly, the evolving role of commodities as a distinctive asset class for investment
purposes has emerged as a notable catalyst for research in this field. Once traditionally per-
ceived as tangible goods with intrinsic use value, commodities have progressively evolved
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into an appealing avenue for investment diversification. According to Marshall et al. (2012),
commodities have not only gained popularity among commodity customers and manufac-
turers but have also become a sought-after investment class. Referred to as “financializa-
tion”, commodities have obtained growing appeal as an asset class for investors (Tang and
Xiong 2012; Wimmer et al. 2021). Due to their typically low correlations with stocks and
bonds, commodities serve as valuable instruments for achieving a high level of portfolio
diversification (Hollstein et al. 2021). Various researchers (e.g., Cai et al. 2018; Fernández-
Avilés et al. 2020; Gagnon et al. 2020; Liu et al. 2023; Mensi et al. 2020; Pham et al. 2023;
Zaremba et al. 2021) have explored the role of commodity markets in portfolio diversifica-
tion. The correlation patterns, risk-return profiles, and hedging capabilities associated with
commodity investments have captured the attention of financial analysts, investors, and
portfolio managers.

Given the profound significance of commodity prices, numerous studies have explored
the co-movement of commodity prices to extract valuable insights for policymakers and
investors. Notable among these are the works of (Bouri et al. 2023; Chen et al. 2019; Ding
and Zhang 2020; Farid et al. 2023; Flori et al. 2021; Khalfaoui et al. 2021; Umar et al. 2020;
Zaremba et al. 2021; Zhang et al. 2019). However, a closer examination reveals that these
studies present a somewhat ambiguous picture of commodity price co-movement. For
instance, while Zhang et al. (2019), and Zhang and Ding (2021) provided evidence of
co-movements, Bouri et al. (2023), Farid et al. (2023), and Mensi et al. (2020) found weak
evidence, introducing an element of uncertainty into the existing body of knowledge.

Furthermore, it is noteworthy that most of these studies have predominantly focused
on international or developed economies. In contrast, our research concentrates on a
relatively nascent emerging market, specifically the Pakistan Mercantile Exchange (PMEX).
Specifically, the current study investigates two primary research questions: firstly, whether
commodity prices co-move on the PMEX; secondly, whether the relationship between
commodities is long-term or short-term. To the best of our knowledge, this market has
not been explored in previous studies. This shift in focus allows us to contribute new
perspectives and insights into the co-movement of commodity prices in an underexplored
context, offering a unique and valuable contribution to the existing body of research.

Established in 2002 and commencing operations in May 2007, the Pakistan Mercantile
Exchange (PMEX) stands as the pioneering commodity futures market in the country.
Offering a diverse range of domestic and foreign products across various asset classes,
the PMEX holds the distinction of being the first institution in Pakistan to provide a
centralized and regulated platform for trading in commodity futures. Regulated by the
Securities and Exchange Commission of Pakistan (SECP), the PMEX plays a crucial role
in shaping the landscape of futures trading in the nation. The PMEX facilitates trading in
a comprehensive range of international and domestic commodities, as well as financial
futures. The exchange offers a holistic suite of services, encompassing trading, clearing,
settlement, and administration, effectively functioning as a one-stop-shop for market
participants. Currently, the PMEX boasts a portfolio of more than 20 different commodities,
organized into four distinct asset classes: agriculture, energy, metal, and financial futures.
In addition to its domestic operations, the PMEX has garnered international affiliations,
holding memberships in prominent bodies such as the Future Industry Association (FIA)
and the Association of Futures Markets (AFM). This global connectivity positions the
PMEX as a key player in the international futures market arena, fostering collaboration and
exchange of expertise in the dynamic field of commodity trading.

This study makes several significant contributions. Firstly, it addresses a notable gap
in the existing literature by examining the co-movement of commodity prices and the role
of market liquidity in Pakistan, with a specific focus on the PMEX. The absence of prior
research on commodity prices in Pakistan emphasizes the urgency of this study.

Secondly, this research contributes to the growing body of literature on commodity
price co-movements. It expands our understanding of how commodities behave in the
Pakistani market.
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Thirdly, the findings of this study hold valuable insights for both policymakers and
investors. Policymakers should consider formulating sector-specific policies rather than
adopting a one-size-fits-all approach. Investors can leverage the PMEX by implementing
sector-specific investment strategies. For instance, commodities in the metal sector may
serve as hedges against each other, whereas the oil sector may not offer similar opportunities.
Additionally, intra-sector hedging prospects are also available.

This paper is structured as follows: First, the relevant literature is reviewed, providing
context and a foundation for the study. Then, the data and methodology employed for the
analysis are presented in detail. Following this, the results of the study are presented and
discussed, exploring their implications. Finally, the paper concludes with our key findings
and recommendations.

2. Literature Review

Commodity prices often move together due to shifts in macroeconomic factors im-
pacting demand and/or supply across various commodity categories. These shifts can
influence prices in two primary ways. Firstly, macroeconomic changes directly affect
commodity demand and supply; for instance, increased industrial production rates boost
demand for industrial commodities, like copper and crude oil, as well as non-industrial
commodities, like wheat, due to income growth. Secondly, macroeconomic variables shape
expectations about future supply and demand, influencing current prices. With storable
commodities, expectations about future market conditions drive current pricing through
storage demand (Pindyck and Rotemberg 1990). Exploring this co-movement is crucial,
as it holds significant welfare implications for both commodity importers and exporters
(Byrne et al. 2013). The study by (Cashin et al. 2002) highlighted that movements in com-
modity prices exhibit cyclical patterns, emphasizing this as a fundamental aspect of their
evolution. They emphasize that these repetitive cycles hold significant consequences for
many developing nations relying on commodity exports, as price fluctuations can cause
income instability for these countries.

In addition to countries, the co-movement of commodity prices holds equal signif-
icance for investors, who can utilize these trends for efficient portfolio diversification
strategies. Consequently, researchers have extensively examined the role of commodities in
diversifying portfolios (e.g., Cai et al. 2018; Fernández-Avilés et al. 2020; Gagnon et al. 2020;
Mensi et al. 2020). Studies by (Fernández-Avilés et al. 2020) and (Gagnon et al. 2020) high-
light commodities low correlation with other assets and potential diversification benefits
for investors. However, the extent of these benefits varies depending on the chosen index,
as noted by (Gagnon et al. 2020). Moreover, evidence from the studies of (Daskalaki and
Skiadopoulos 2011; Fernandez 2015; Umar et al. 2020) deny the diversification benefits. An
additional body of literature investigates the diversification advantages of commodities,
particularly in conjunction with the emerging asset class of cryptocurrencies. This is evi-
denced by studies such as those by (Ji et al. 2019; Mo et al. 2022; Naeem et al. 2020; Okorie
and Lin 2020; Aivaz et al. 2023; Bouazizi et al. 2023).

The increased correlations observed in commodity markets are often attributed to
the “financialization” trend. This refers to the growing presence of financial institutions
and instruments, like derivatives and index funds, in markets traditionally dominated
by physical trade (Tang and Xiong 2012). While some argue financialization reduces
diversification benefits by tightening market linkages (Tang and Xiong 2012), others suggest
it merely reflects existing market features rather than causing the increased co-movements
themselves (Zaremba et al. 2021).

Studies like the one by (Rehman and Vo 2021) explore these co-movements, finding
low to moderate integration in the short-to-medium term but increased connectedness
in the long term, particularly during bearish or normal market conditions. In the study
by (Bouri et al. 2023), they also observed weakened short-term correlations and stronger
long-term correlations among commodity prices. This suggests short-term diversification
benefits that may dwindle in the long run.
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One potential limitation exists in the current research, i.e., a focus on developed
markets by various researchers (e.g., Abid et al. 2019; Bouri et al. 2023; Fry-McKibbin and
McKinnon 2023; Gagnon et al. 2020). This niche focus limits the broader applicability of
these findings. The current research on commodity co-movement in emerging markets
is insufficient, particularly for countries like Pakistan. The co-movement of commodity
prices is poised to exert significant inflationary pressure on countries reliant on importing
commodities (Byrne et al. 2013). Given Pakistan’s status as a significant importer of various
commodities, such as oil, gold, and silver, the urgency of investigating the co-movement of
Pakistani commodities is reinforced.

Recognizing that the existing research on the PMEX, such as the study by (Shear 2021),
primarily explores specific aspects like the role of speculative trading, this study aims to fill
a critical gap in understanding the broader phenomenon of co-movement across diverse
commodities in Pakistan. By investigating these relationships, this research will contribute
valuable insights to portfolio diversification strategies and risk management practices in
the emerging Pakistani market.

3. Data and Methodology

Currently, the PMEX offers an array of more than 20 commodities, comprising a total
of 40-plus future contracts with varying values. These commodities fall into four distinct
classes: agriculture, energy, metal and financials. From the agriculture category, we have
selected the international cotton commodity. The energy class includes brent crude Oil,
crude oil, and natural gas. Within the metal class, our selection encompasses gold, copper,
silver, and platinum. For our analysis, we specifically chose the eight most liquid contracts
among these commodities, reflecting those with the highest trading activity in the market.
Our data collection spans from 13 January 2013 to 20 August 2020 and was sourced from the
official PMEX website daily. This dataset provides a comprehensive overview of the market
dynamics and price movements over this time frame, allowing for a detailed examination
of the selected commodities and their respective contracts.

Model

The autoregressive distributed lag (ARDL) method was introduced by Pesaran et al.
(1999) and expanded by Pesaran et al. (2001). The ARDL’s unique strength, i.e., its ability to
handle different lag structures across variables (Menegaki 2019) is the primary motivation
for the selection of this model. The ARDL method enables the estimation of both long-
term and short-term impacts of variables on each other, regardless of whether they are
integrated as different orders (I(0), I(1), or a combination of both). It remains resilient to
endogeneity concerns, ensuring precise estimates even in the presence of bidirectional
causal relationships among the variables. Furthermore, the ARDL approach maintains its
robustness even with limited sample sizes (Derouez et al. 2024). Following previous studies
on commodity market price dynamics, e.g., (Arfaoui 2018), we employed the ARDL model
to investigate the relationship between commodity sport prices and liquidities, considering
both the short-run and long-run effects. The following equation presents the general form
of the ARDL model for the current study.

∆Yt = β0 + ∑n
i=1 βi Yt−i + ∑n

i=1 ∑p
j=1 Φij∆Xjt−i + ∑n

j=0 δj X jt + µt (1)

where

• ∆Yt is the first difference of the dependent variable Yt, i.e., spot prices/liquidities
of commodities.

• Yt−i are the lagged values of Yt up to lag n.
• ∆X jt−i are the first differences of the independent variables Xjt up to lag p for j = 1, 2,

. . . n, where n is the number of independent variables.
• Xjt are the current values of the independent variables.
• β0 is the intercept term.
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• βi are the coefficients of the lagged dependent variable.
• Φij are the coefficients of the lagged first differences of the independent variables.
• δj are the coefficients of the current values of the independent variables.
• µt is the error term at time t.

The initial stage of applying the ARDL method involves assessing the integration
order, namely whether the variables are integrated as I(0) or I(1) or mix of both. This is
determined through unit root tests, i.e., the augmented Dickey–Fuller (ADF) and Phillips–
Perron (PP) tests. Following the integration order assessment, the subsequent step entails
employing the ARDL bound test to investigate cointegration and analyze the long-term
relationships among the variables (Pesaran et al. 2001). The ARDL bound test relies on two
bounds, i.e., the lower bound and the upper bound. In the first case, I(0) is the lower bound,
whereas in the second, I(1) is the upper bound. A long-run relationship will exist, and the
null hypothesis of no cointegration will be rejected if the F statistic value is larger than
the upper bound. The no-cointegration hypothesis is supported if the F-statistic value is
smaller than the lower bound. The model is inconclusive if F is between the lower I(0) and
upper bound I(1). If a long-run relationship is not detected using the ARDL methodology,
the analysis can proceed to examine the short-run dynamics.

Next, we examined the correlation between liquidity and spot prices in commodities.
We adopted the Amihud liquidity measure, as suggested by Marshall et al. (2012), who
found it to be the best among various liquidity proxies. Our liquidity proxy, initially
introduced by Amihud (2002), is formulated as follows:

Amihud =
|Rt|

VOLt

where Rt is the return on the asset or commodity, and VOLt is the asset or commodity
trading volume at time t. The lower values of Amihud measure show higher liquidity.

4. Results and Discussion
4.1. Commodity Prices Co-Movement

In this section, we present various analytical tests to examine the level of co-movement
among our selected commodity prices. Firstly, we plotted sector-wise commodity spot
prices in Figures 1–3 below. It is evident from Figure 1 that the natural gas price does not
follow the oil price closely. This hints toward low co-movement in these two energy-sector
commodities. Figure 2 represents the prices of metals. It is evident that the prices of gold
and silver closely follow each other. However, the prices of copper and platinum show less
co-movement with those of the gold and silver.
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4.2. Correlation Analysis

To glean additional insights into the co-movement of prices, we employed correlation
analysis. The findings are outlined in Tables 1–3. It became apparent that within the
energy sector, all commodities exhibited a positive correlation, indicating a shared price
co-movement. Notably, the correlation is more pronounced within the subcategories of oil,
whereas it is comparatively lower between the natural gas and both oil subcategories.
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Table 1. Correlation analysis of energy sector.

Variables (1) (2) (3)

(1) Crude oil 1.000
(2) Brent oil 0.986 * 1.000

(3) Natural gas 0.469 * 0.502 * 1.000
Note: *** p < 0.01, ** p < 0.05, and * p < 0.1.

Table 2 illustrates the results of the correlation analysis of the metal sector. Notably,
silver and gold display a significant positive correlation, suggesting strong co-movement
in their prices. In contrast, gold exhibits a notably low and negative correlation with both
platinum and copper, indicating divergent price movements. Similarly, copper demon-
strates a lower correlation with silver. These observed patterns suggest that commodities
within the metal sector do not uniformly co-move, highlighting distinct price dynamics
within the industry.

Pairwise correlations

Table 2. Correlation analysis of metal sector.

Variables (1) (2) (3) (4)

(1) Gold 1.000
(2) Silver 0.745 * 1.000

(3) Platinum 0.063 0.473 * 1.000
(4) Copper −0.137 * 0.186 * 0.569 * 1.000

Note: *** p < 0.01, ** p < 0.05, and * p < 0.1.

Table 3 outlines the results of the correlation analysis of various commodities of all
sectors. The key findings mentioned are negative correlations of gold and silver with all
commodities in the energy sector, as well as a negative correlation between gold and cotton.
This implies that these commodities do not move in the same direction; when one goes up,
the others tend to go down.

This result contradicts previous studies (e.g., Zhang et al. 2019) that suggested co-
movements among commodities from different sectors. Co-movement generally implies a
tendency for the prices of different assets to move together, either positively or negatively.
In this case, the negative correlations indicate a divergent movement, suggesting that
changes in the prices of gold, silver, cotton, and the energy sector’s commodities are not
synchronized. These findings support the findings of Khalfaoui et al. (2021), who found
low dependence between energy and non-energy commodities.

Pairwise correlations

Table 3. Correlation analysis across sectors.

Variables (1) (2) (3) (4) (5) (6) (7) (8)

(1) Gold 1.000
(2) Silver 0.745 * 1.000

(3) Platinum 0.063 0.473 * 1.000
(4) Copper −0.137 * 0.186 * 0.569 * 1.000

(5) Crude oil −0.648 * −0.287 * 0.205 * 0.522 * 1.000
(6) Brent oil −0.681 * −0.361 * 0.112 * 0.481 * 0.986 * 1.000

(7) Natural gas −0.719 * −0.297 * 0.060 0.401 * 0.469 * 0.502 * 1.000
(8) Cotton −0.129 * 0.362 * 0.150 * 0.516 * 0.763 * 0.756 * 0.625 * 1.000

Note: *** p < 0.01, ** p < 0.05, and * p < 0.1.
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4.3. Short/Long-Term Co-Movement

To assess the short- and long-term relationships among commodity prices, the autore-
gressive distributed lag (ARDL) model was employed. The initial step in implementing
the model involves conducting a stationarity test. Table 4 provides insights into the sta-
tionarity characteristics of various variables, determining whether they necessitate first
differencing for suitability in the statistical analysis or if they are inherently stationary at
their current levels.

Table 4. Unit root tests.

Variables
ADF Test PP Test

At Level 1st Difference At Level 1st Difference

Cotton −2.334 −45.477 *** −2.319 −45.474 ***
Gold −0.883 −48.078 *** −0.860 −48.073 ***
Silver −2.039 −50.561 *** −2.022 −50.505 ***

Platinum −2.990 ** −27.446 *** −3.198 ** −27.426 ***
Copper −3.007 ** −34.078 *** −2.963 ** −34.043 ***

Crude oil −1.293 −29.629 *** −1.388 −29.661 ***
Brent oil −1.098 −29.328 *** −1.211 −29.381 ***

Natural gas −2.399 −29.817 *** −2.305 −29.821 ***
Note: *** and ** represent 1% and 5% levels of significance, respectively.

Table 4 reveals that several variables—namely cotton, gold, silver, crude oil, brent oil,
and natural gas–are not initially stationary at their current levels. However, the subsequent
application of first differencing rendered them stationary, as verified by both the augmented
Dickey–Fuller (ADF) and Phillips–Perron (PP) tests. In contrast, platinum and copper
exhibited distinct behavior. According to the ADF and Phillips–Perron tests, platinum and
copper are stationary at the 5% significance levels, indicating their suitability for analysis
without requiring first differencing.

Table 5 presents the results from the cointegration ARDL1 bound test, specifically
the F statistic values. The interpretation of these values is central for determining the
presence of a long-term relationship or cointegration among the variables. If the F statistic
surpasses the upper bound, it signals the existence of a long-term relationship among the
variables. Conversely, if the F statistic falls below the lower bound, it indicates that the
null hypothesis, asserting no cointegration, remains valid. In all the models examined,
the F values consistently fell below the lower bound at both the 5% and 1% significance
levels. This outcome implies a lack of evidence supporting co-integration among the spot
prices of all commodities, except one model where crude oil is dependent. Consequently,
the relationships among them are deemed to be only of a short-term nature based on the
findings of the analysis. These findings are line with the findings of Yoon (2022), who found
no long-term relationships among different commodity prices.

Table 5. Co-integration tests.

Model for Estimation F-Statistics Lower–Upper Bound
at 1%

Lower–Upper Bound
at 5%

Cotton 2.426 3.15–4.43 2.45–3.61
Gold 1.843 3.15–4.43 2.45–3.61
Silver 2.016 3.15–4.43 2.45–3.61

Platinum 1.396 3.15–4.43 2.45–3.61
Copper 2.333 3.15–4.43 2.45–3.61

Crude oil 1.892 3.15–4.43 2.45–3.61
Natural gas 1.076 3.15–4.43 2.45–3.61
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Table 6 outlines the outcomes of the short-term analysis, aligning with previous
findings. The results suggest that, consistent with earlier observations, all commodities
examined do not play a role in influencing the pricing of other commodities in the long
run, but the majority of the variables have short-term relationships with each other, except
natural gas. This implies a degree of independence among the commodities in the long-
term, reinforcing the notion that they do not exhibit co-movement within the Pakistani
commodity market. These findings contradict the findings of Chen et al. (2019), while these
findings support the findings of Bouri et al. (2023). These findings contribute to a robust
understanding of the market dynamics, emphasizing the lack of interdependence among
the various commodities under consideration.

Table 6. The ARDL model estimations for spot prices, with dependent variables listed in the first
column, and independent variables in the subsequent columns.

Dependent Variable Cotton Gold Silver Platinum Copper Crude Oil Natural Gas

Cotton - - -
0.010 5.620

- -
(0.004) (0.000)

Gold - -
27.952 0.156 −28.430 −0.856

-
(0.000) (0.000) (0.006) (0.001)

Silver
0.028 0.014

-
0.008 0.577 0.012

-
(0.004) (0.000) (0.000) (0.011) (0.050)

Platinum
1.005 0.186 19.196

-
69.454 0.954

-
(0.004) (0.000) (0.000) (0.000) (0.001)

Copper
0.006 0.000 0.013 0.001

-
0.005

-
(0.000) (0.006) (0.011) (0.000) (0.000)

Crude oil -
−0.014 0.397 0.014 8.048

- -
(0.001) (0.050) (0.001) (0.000)

Natural gas - - - - - - -

Note: Only significant values have been reported in the table. Insignificant values are represented by “-”. p values
are in parentheses.

Table 7 presents the results from the cointegration ARDL bound test for liquidity of
commodities, specifically the F statistic values. It is evident that the liquidity of cotton
and copper have long-term relationship with the liquidity of other commodities at a 1%
level of significance. If we consider the lower levels of significance, then we can find a
long-term liquidity cointegration of crude oil and natural gas at a 5% level of significance.
The platinum, brent oil, and natural gas liquidity have short-term relationships with other
commodities’ liquidities. These findings show that the liquidities of all commodities do not
co-move in the long-term.

Table 7. Co-integration tests for liquidity.

Model for Estimation F-Statistics Lower–Upper Bound
at 1%

Lower–Upper Bound
at 5%

Cotton 6.899 2.96–4.26 2.32–3.50
Gold 2.687 2.96–4.26 2.32–3.50
Silver 3.029 2.96–4.26 2.32–3.50

Platinum 2.105 2.96–4.26 2.32–3.50
Copper 46.562 2.96–4.26 2.32–3.50

Crude oil 3.854 2.96–4.26 2.32–3.50
Brent oil 0.325 2.96–4.26 2.32–3.50

Natural gas 3.706 2.96–4.26 2.32–3.50
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Table 8 presents the outcomes of examining the interrelation of the liquidity levels
across various commodities. It reveals that platinum’s liquidity is influenced by the liquidity
of most other commodities. In contrast, crude oil’s liquidity is the least affected by that of
the other commodities. Notably, this analysis does not identify a consistent co-movement
trend in the liquidities of these commodities, marking a significant deviation from the
conclusions drawn by Zhang et al. (2019).

Table 8. The ARDL model estimations for liquidity, with dependent variables listed in the first
column and independent variables in the subsequent columns.

Dependent Variables Cotton Gold Silver Platinum Copper Crude Oil Brent Oil Natural Gas

Cotton - -
3.602 8.811

- - - -
(0.022) (0.087)

Gold - -
0.009 0.002 0.134 (0.000)

0.000 (0.028) (0.094) (0.049)

Silver -
15.688

- -
0.025

- - -
0.000 (0.055)

Platinum
0.002 −2.111 0.048

-
0.010

- -
0.002

(0.087) (0.006) (0.035) (0.004) (0.079)

Copper
12.603 0.874

- - - -
-

(0.028) 0.000 -

Crude oil - - - - - -
0.003 0.000

(0.003) (0.004)

Brent oil
- - - - - 15.943 - −0.011

- - - - - (0.003) - (0.041)

NATURAL GAS
−0.193 −124.331 3.199

- - -
−2.032

-
(0.029) (0.063) (0.084) (0.041)

Note: Only significant values are reported in the table. Insignificant values are represented by “-”. p values are in
parentheses.

Table 9 displays the ARDL bound test results for the cointegration between prices and
liquidity across various commodities. The findings reveal that for all examined commodi-
ties, the F-statistic values are below the critical lower bound at the 1% significance level.
This suggests that there is insufficient evidence of long-term co-integration between the
spot prices and liquidity of the commodities studied. Therefore, it is inferred that their
relationships are predominantly short-term.

Table 9. Co-integration tests for price and liquidity.

Model for Estimation F-Statistics Lower–Upper Bound
at 1%

Lower–Upper Bound
at 5%

Cotton 1.557 2.79–4.10 2.22–3.39
Gold 0.364 2.79–4.10 2.22–3.39
Silver 1.383 2.79–4.10 2.22–3.39

Platinum 2.375 2.79–4.10 2.22–3.39
Copper 0.653 2.79–4.10 2.22–3.39

Crude oil 1.295 2.79–4.10 2.22–3.39
Brent oil 1.255 2.79–4.10 2.22–3.39

Natural gas 1.225 2.79–4.10 2.22–3.39
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Table 10 presents the results of the short-run analysis examining the relationship
between the price and liquidity of various commodities. Consistent with previous find-
ings, the analysis indicates that the liquidities of the commodities under study do not
significantly influence their pricing. This suggests a relative independence among these
commodities, supporting the idea that they do not exhibit synchronized movements within
the Pakistani commodity market. These results contrast with the findings of (Zhang and
Ding 2018; Zhang et al. 2019; Zhang and Ding 2021), which suggest that liquidity does
affect commodity spot prices.

Table 10. The ARDL model estimations for spot prices and liquidity, with dependent variables
(spot price) listed in the first column and independent variables (commodities’ liquidities) in the
subsequent columns.

Dependent Variables Cotton Gold Silver Platinum Copper Crude Oil Brent Oil Natural Gas

Cotton -
455.200 −16.724 −45.974

- - - -
(0.068) (0.004) (0.070)

Gold - - - - - - -
−7.923

(0.043)

Silver - - - - - - -
0.160

(0.013)

Platinum - - - - - -
111.181 7.140

(0.012) (0.032)

Copper -
−19.622 −0.455

- - - - -
(0.012) (0.086)

Crude oil
−0.862

- - - -
680.108

- -
(0.071) (0.084)

Brent oil - - - -
9.373

- -
(0.094)

Natural gas
−0.075

- - - - - - -
(0.015)

Note: Only significant values are reported in the table. Insignificant values are represented by “-”. p values are
in parentheses.

5. Discussion

The correlation analysis explored whether commodity prices exhibit co-movement
on the PMEX. The findings reveal distinct patterns of correlation among commodities
within different sectors, shedding light on their interconnectedness. In the energy sector, all
commodities show a positive correlation, signaling shared price movements. Specifically,
the oil subcategories exhibit stronger correlations compared to natural gas, implying a
higher degree of interdependence among oil commodities. Natural gas, on the other hand,
demonstrates weaker correlations, suggesting it may serve as a less effective diversifier
within this sector. In contrast, the metal sector displays more varied correlation patterns,
with significant positive correlations observed between silver and gold, suggesting strong
co-movement in their prices. Gold displays significantly negative correlations with plat-
inum and copper, suggesting that these commodities serve as strong diversifiers against
gold. Likewise, copper exhibits a lower correlation with silver, indicating potential diversi-
fication opportunities between these two commodities. Additionally, cross-sector analysis
uncovered negative correlations of gold and silver with all energy sector commodities, as
well as a negative correlation between gold and cotton, indicating distinct diversification
opportunities away from gold. These findings indicate varied movements among commodi-
ties, consistent with prior research such as that by (Daskalaki et al. 2014) for international
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markets and by (Gagnon et al. 2020) for the Canadian market. However, the findings con-
trast with earlier studies, such as that by (Byrne et al. 2013) for international commodities
and (Chen et al. 2021) for China, which proposed co-movements across different sectors.

This study employed the autoregressive distributed lag (ARDL) model to investigate
whether the relationships among commodities are long-term or short-term. The results
show that while some commodities, especially those in the metal sector, have short-term
connections, there is little evidence of long-term co-integration among all commodities,
except for crude oil in one case. These findings indicate that short-term relationships are
prevalent among commodities, suggesting they tend to operate independently in terms of
their pricing dynamics over extended periods. The results support the conclusions drawn
by (Zaremba et al. 2021), who also found no evidence of long-term co-movements among
commodities sourced from the US and UK. In contrast, these results diverge from those of
(Bouri et al. 2023), who identified a notable correlation among commodities in the long-run
for the Chicago Mercantile Exchange’s commodities.

The examination of liquidity levels across various commodities also provides valuable
insights into market dynamics. The results reveal varying degrees of influence among
commodities, with platinum’s liquidity being influenced by the liquidity of most other
commodities. However, crude oil’s liquidity appears to be less affected by other commodi-
ties, suggesting unique liquidity dynamics within the market. This study further examines
how liquidity influences commodity prices. It concludes that, except for platinum, there
is not a long-term relationship between commodity prices and liquidity. Additionally,
the short-term impact of liquidity on prices is less evident, particularly at higher levels
of significance. These results challenge previous research, such as that by (Zhang and
Ding 2018; Zhang et al. 2019; Zhang and Ding 2021), which highlighted the importance of
liquidity in determining commodity prices.

In comparing the findings between the Pakistani commodity market and international
markets, several factors contribute to the differences observed. Firstly, the developmental
stage of the Pakistani market plays a significant role. Unlike established international
commodity markets, Pakistan’s market is still developing and relatively young. Secondly,
the unique economic conditions in Pakistan, including its status as a net importer of most
commodities, contribute to distinct market behaviors. This economic context influences
demand–supply dynamics and price movements within the Pakistani market. Lastly, the
lower level of integration between the Pakistani market and global markets is a key factor.
This limited linkage means that external factors impacting international markets may have
less influence on the Pakistani market, leading to discrepancies in the results.

Our findings yield two significant implications. Firstly, investors should acknowledge
the shared price movements among commodities within sectors like energy and metals,
leveraging diversification opportunities to manage risks effectively. For example, the di-
verse co-movement patterns in the metal sector suggest potential for strategic investment
choices that balance risk and return. It is crucial to consider both short-term and long-term
perspectives, as certain commodities may exhibit different dynamics over time. Under-
standing the varying degrees of liquidity influence among commodities is also vital for
informed trading decisions. Secondly, for policymakers, these findings emphasize the
importance of sector-specific approaches in formulating commodity market regulations
and interventions. Moreover, contrary to conventional wisdom, liquidity cannot reliably
indicate incipient inflation and may not be used to effectively control inflation risk.

6. Conclusions

In this study, we examined the commodity price co-movements within three key
sectors—energy, metals, and agriculture—in the specific context of Pakistan. We employed
data from 13 January 2013 to 20 August 2020 and used correlation analysis and an au-
toregressive distributed lag (ARDL) model. In the energy sector, we observed a weak
co-movement between oil and natural gas. The metal sector exhibited mixed results, with
gold and silver showing a strong positive correlation, whereas gold exhibited a negative



Risks 2024, 12, 86 13 of 15

correlation with both platinum and copper, indicating divergent price movements. In the
agriculture sector, cotton had a negative correlation with gold but a positive correlation
with other metals and energy sector commodities. These findings suggest that commodities
within and across sectors do not uniformly co-move, highlighting distinct price dynamics
within industries.

Our findings contradict some previous studies, such as that of Zhang et al. (2019),
suggesting more complex and sector-specific co-movement patterns. The application of
the ARDL bound test indicated a lack of long-term co-integration among the spot prices of
commodities, with relationships appearing to be predominantly short-term. This reinforces
the notion of independent pricing dynamics among different commodities in the Pakistani
market, deviating from the results of other studies like that of Chen et al. (2019) and
aligning more with Bouri et al. (2023)’s conclusions.

These findings have important implications for portfolio diversification and optimiza-
tion. The higher correlations among commodities limit diversification benefits. However,
the weak linkages observed in Pakistan indicate that including Pakistani commodities in
an internationally diversified portfolio could offer greater risk mitigation potential than
previously thought.

One shortcoming of our analysis is that we focused on a few sectors. The connected-
ness of commodities with financial or real estate sector assets was unexplored. Thus, our
analysis is unable to reveal the broader market dynamics and interrelations.

Future studies may incorporate more sectors to study the connectedness of asset
prices. Another potential area for future research is to explore the impact of national-
level factors, such as financialization or government policies, on commodity price co-
movements. Comparative analysis with other emerging markets could reveal broader
trends and potential changes in co-movement patterns.
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