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FINANCIAL ECONOMICS | RESEARCH ARTICLE

Nexus between commodities and banking sector 
financial soundness: The role of general 
macroeconomic setting in Ghana
Collins Baffour Kyei1, Emmanuel Asafo-Adjei2*, Peterson Owusu Junior2, 
Anokye Mohammed Adam2, Anthony Adu-Asare Idun2 and Justice K.G Agyenim Boateng3

Abstract:  The level of causation and interdependencies among three commodities 
(cocoa, gold, and Brent crude oil), five banking sector performance indicators 
(Capital Adequacy Ratio (CAR), Non-Performing Loans (NPL), Return on Equity (ROE), 
Return on Assets (ROA) and Core Liquid assets to total assets (CLATA)), and three 
general macroeconomic indicators (Inflation, Exchange rate and Global Economic 
Policy Uncertainty) are explored in this study. As a result, the wavelet techniques 
are employed to investigate time-frequency and frequency-dependent nexus in the 
Ghanaian context. In terms of time-frequency, a mix of negative and positive bi- 
causality among commodities, banking sector performance indicators, and macro
economic indicators are found. Outcomes from the wavelet multipleprovide that 
these variables are highly integrated, with the exchange rate leading in the long- 
run. Hence, implying that exchange rate in Ghana has a high susceptibility to shocks 
before the other variables in the study. We advocate Government of Ghana and 
policy-makers should fine-tune policies that take into account the impact on other 
economic factors. Policies should be initiated to minimise fluctuations in the 
exchange rate. To limit the adverse impact of inflation and GEPU, it is required that 
effective and efficient country-level policies geared towards stability be initiated to 
resuscitate the economy.

Subjects: Macroeconomics; Monetary Economics; Mathematical Economics; Economic 
Forecasting; Investment & Securities 

Keywords: external shocks; wavelets; monetary policy; instability

1. Introduction
Traditionally, financial systems allow the exchange of contracts and rendering of services in order 
to make economic agents’ income and consumption streams less comparable (Abaidoo et al.,  
2021; Akosah et al., 2018; Magill & Quinzii, 2002). In terms of size, timing, and duration of loans, as 
well as the liquidity characteristics of instruments, financial institutions should, to a significant 
degree, provide varied instruments to suit the differing demands of savers and borrowers (Alnaa & 
Matey, 2021). To put it differently, the units that make up the financial system should strive to 
meet the various funding demands of different economic agents (Alnaa & Matey, 2021; 
Schackmann-Fallis et al., 2018). Along this line of thinking, governments, policy-makers, and 
firms must respond to adverse fluctuations in the banking sector performance indicators for 
agents to smooth their consumption while investing in the financial system towards the future.
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Narrowing into the banking sector of Ghana which is pregnant with severe banking crisis 
between August 2017 and January 2020 after the 2007–2009 Global Financial Crisis, most indivi
duals felt reluctant to invest in the financial system of Ghana. This is not daunting because 
individuals would want to have streams of income to smooth their consumption (”Bank of 
Ghana Banking Sector Report,” 2020). Categorially, the economic effect of the 2007–2009 Global 
Financial Crisis, the Arab Spring in North Africa in 2010, bad corporate governance, non-performing 
loans, and credit risk, among others, put the majority of banks in Ghana at risk of defaulting on 
their loans.

In addition, in 2018 and 2019, the Bank of Ghana permitted most native banks to be absorbed by 
other companies due to insolvency and failure to meet minimum capital requirements (Alnaa & 
Matey, 2021; Owusu & Alhassan, 2021). A period after, adverse shocks on the financial system of 
Ghana increased when the COVID-19 pandemic reached Ghana in the early parts of 2020 (Asafo- 
Adjei et al., 2020; Dickson & Yao, 2020). It becomes blatant that indicators of banking sector 
financial soundness are frequently assessed across time and frequencies to reveal the extent of 
discrepancies occasioned by severe macroeconomic shocks to induce policy and investment 
decisions. Accordingly, the Bank of Ghana periodically provides some indicators measuring the 
banking sector financial soundness in Ghana regarding banks’ health and progress. To measure 
banking sector financial indicators, available statistics from the Bank of Ghana economic database 
show five key variables of interest—asset quality, earnings, liquidity, capital adequacy, and the 
degree of responsiveness to market risk (”Bank of Ghana Banking Sector Report,” 2020).

It can be noticed that there are high volatility trends in the Banking Sector (Obuobi et al., 2019). 
These measures can be represented as return on assets, return on equity, capital adequacy ratio, 
nonperforming loan ratio, core liquid assets to total assets, and many more as provided by the 
Bank of Ghana. It is established that weaknesses in these indicators related immensely to the 
collapse of most banks which negatively affected economic activities (”Bank of Ghana Banking 
Sector Report,” 2020). Although within the third month of 2007 to the third month of 2021, return 
on assets has seen an increment from 4.16% to 4.70%. Capital adequacy, on the other hand, 
increased from 16.87% to 21% which is significantly beyond the Basel II/III framework’s regulation 
prudential limit of 13 percent. Similarly, non-performing loans ratio saw a huge increase from 
6.93% to 15.50% but sharp decline afterward due to recoveries, write-offs, and pickup in credit 
growth. Moreover, core liquid assets to total assets has also augmented significantly in these 
periods, yet return on equity saw a decrease from 26.90% to 22.40%.

Corollary to the influence of crises on the banking sector, Ghana is blessed with commodities 
such as gold (precious metal), oil (energy), and cocoa (food), among others that account for 80% of 
export revenues. This contributes to the development of economic activities of the country which 
encourages trade and investment into the financial system (Boateng, Asafo-Adjei, Addison et al.,  
2022). Ghana’s gold production before 2020 was higher than South Africa and Ghana is second to 
its neighbour, Ivory Coast the largest producer of cocoa. Yet in 2019, a press briefing from Ghana’s 
Ministry of Finance emphasised that Ghana keeps discovering new oil fields which will increase the 
quantity of oil and gas exploration and production. From the archives of commodities pricing, gold 
has increased from US$ 655.22 per fine ounce in the third month of 2007 to US$ 1,722.49 per fine 
ounce in the third month of 2021, Brent crude oil has also increased on average from US$ 
62.36 per barrel to US$ 65.84 per barrel over the same period and final cocoa also saw increased 
on average from US$ 1,481.22 per tonne to US$ 2,520.78 per barrel over the same period. These 
indicators show that fluctuations in commodity prices may have some interdependencies with the 
banking sector financial indicators (T. Kinda et al., 2018; M. T. Kinda et al., 2016) since they both 
contribute to economic activities. For instance, increases in the crude oil price (Abdulkarim et al.,  
2020; Asafo-Adjei, Adam et al., 2021; Reboredo & Ugolini, 2016) will result in inflationary pressures 
which is controlled by higher interest rates, which in turn affect the financial performance of banks 
either positively or negatively.
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The study’s theoretical foundations are entrenched in theories of instability postulated by the 
monetarists’ view represented in the works of Friedman & Schwartz, 1963), the post-Keynesian 
financial instability hypothesis provided by Minsky (1970, 1977), and Borio and Drehmann (2011); 
Borio (2014)) despite the conflicting views. Notions from these theories provide that in a complex 
system, commodity price volatility has real impact through the financial channel, as they influence 
financial position and performance of banks, which interacts with several macroeconomic condi
tions (Agarwal et al., 2020; Eberhardt & Presbitero, 2021).

Prior studies on the banking sector financial indicators which mostly focus on macroeconomic 
variables are replete. Studies have also been conducted on nexus between commodities prices and 
banking sector financial indicators (Abaidoo et al., 2021; Flori et al., 2021; T. Kinda et al., 2018; 
Mupunga & Ngundu, 2020; Shahbaz et al., 2019). However, these studies’ emphasis were mostly on 
developed economies, but they do not quantify the possible impact of general macroeconomic 
conditions on the nexus. Our work is similar to the study by Boateng, Asafo-Adjei, Addison et al. 
(2022). However, they examined interdependencies between commodities, and further considered 
the partial influence of relevant macroeconomic indicators such as the real sector of Ghana and 
GEPU on the commodities’ nexus. They do not assess independencies between commodities and 
the banking sector financial indicators, and further exclude an important economic indicator such 
as the exchange rate which is also relevant for empirical discourse.

Accordingly, studies are silent on the partial impact of general macroeconomic shocks as 
a common interdependence on the commodity-banking sector financial indicator nexus. This 
suggests that commodities prices and banking sector performance indicators nexus is nascent 
and fledgling in the empirical literature, especially in the context of developing economies such as 
Ghana. Commodity exportation in Ghana is a delicate matter as it is known for vast volatility and 
making revenues from such exports more susceptible to shocks (Boateng, Asafo-Adjei, Addison 
et al., 2022). Intuitively, a positive relationship between the commodities and the banking sector 
financial indicators is expected since they both contribute to economic activities, but at diverse 
horizons, macroeconomic variables may distort the directional flow of the aforesaid nexus.

Building on the limited empirical findings, the paper deals with the interconnectedness between 
commodity prices, the banking sector indicators of Ghana, inflation, and exchange rate amidst 
external uncertainty shocks. It is believed that shedding light in this direction would aid in 
investment decisions as well as guidance for the banking sector. For instance, investors can 
draw knowledge from the comovements between commodities prices and banking sector indica
tors as well as the partial impact of inflation and exchange rate with regards to diversification and 
hedging potentials (Owusu Junior et al., 2018). Moreover, since the Ghanaian financial sector 
experienced huge blows as a result of a downward surge of the banking sector financial indicators 
which affected the national income, the empirical results are expected to provide insights into the 
delayed volatility of market competitiveness and external shocks (DVMCES) hypothesis (Asafo- 
Adjei, Frimpong et al., 2022) in a time-frequency perspective.

For a time-frequency analysis, specifically wavelet, we break down the time series data of 
commodities prices and banking sector financial indicators into the spectral purview, allowing 
investors and policy-makers to make informed economic decisions (Hung, 2020). One of the most 
popular methods for locating the power variation in time-series data is wavelet analysis, which 
enables researchers to comprehend the main types of variability as well as how they change as 
a result of decomposition (Hung, 2022b; Nkrumah-Boadu et al., 2022). Specifically, the bi-wavelet, 
wavelet multiple, and partial wavelet were specifically adopted in this study. Through the bi- 
wavelet, the paper decoded the scope of unidirectional or bi-causality relationship. The partial 
wavelet technique opines the degree of distortion in the comovement of two time-frequency 
domain variables from a common interdependence (which is this case, general macroeconomic 
conditions). On the other hand, the wavelet multiple techniques (wavelet multiple correlation 
(WMC) and wavelet multiple cross-correlations (WMCC)) display the degree of interdependence 
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among several variables simultaneously to present a complete view of the nexus (Agyei, Adam et 
al., 2022; Agyei, Bossman et al., 2022; Asafo-Adjei, Adam, Hamidu et al., 2022; Bossman, Adam et 
al., 2022).

This study enjoins three important contributions regarding the economy of Ghana and the 
general finance and economic literature. First, we investigate the interconnectedness between 
commodities prices and banking sector financial soundness indicators in the light of serious 
economic events such as the 2008 financial crisis, Eurozone crisis, financial sector clean-up 
exercise in Ghana, the COVID19 pandemic, etc. The banking sector financial soundness indicators 
highlight the performance of the financial sector and it is timely in these seasons. Also, Ghana is an 
export-driven country, therefore information on the comovements between commodity prices and 
the banking sector financial indicators is needed.

Second, since the comovements between commodities prices and banking sector financial 
soundness do not operate in a vacuum, we assess the partial influence of general macroeconomic 
indicators on the nexus between commodity prices and the banking sector financial soundness 
measures. The general macroeconomic variables employed in this study are exchange rate, 
inflation and GEPU. Third, to provide a full picture of the nexus, we examine the degree of 
integration among all the variables simultaneously to further determine possible lead or lag across 
intrinsic times detailing investment horizons of short-, medium-, and long-terms for investment 
and policy decisions. This study adds to the literature, and also the first to enlighten policy-makers 
as well as investors on the time-varying relationship among commodity prices, the banking sector 
financial indicators, inflation, exchange rate, and GEPU.

The bi-wavelet results showed positive comovements between Cocoa and most of the banking 
sector financial indicators such as CAR, ROE, and ROA, in the medium-term between 2007 and 
2009. Beyond this period, we noticed negative comovements between Cocoa and these banking 
sector financial indicators in the medium, and long terms before 2016. Also, we found a direct link 
between the performance of the crude oil market and the performance of the banking sector at 
severe economic shocks to experience a surge. Findings from the partial wavelet technique 
divulged that GEPU, followed by inflation has a significant effect on the comovements amid 
commodities and banking sector financial indicators. On the other hand, the wavelet multiple 
results implied that exchange rate has a long-run ramification on commodities, banking sector 
financial indicators, and other macroeconomic variables (GEPU and Inflation).

The next part of the paper is organised as follows: Section 2 presents the theoretical review, 
methods for conducting the study are presented in section 3. The fourth section presents the 
empirical analysis; conclusions of the study are captured in the fifth.

2. Literature review
The theoretical grounds for this study are rooted in theories of instability postulated by the 
monetarists’ view represented in the works of Friedman & Schwartz, 1963), the post-Keynesian 
financial instability hypothesis provided by Minsky (1970, 1977), and Borio and Drehmann (2011); 
Borio (2014)). While Borio and Drehmann posited that capital inflows (i.e., sell of commodities in 
the international market) are important indicators of financial instability in developing markets, 
the monetarists aver that increased capital inflows in the presence of high inflation will lead to 
a decrease in foreign exchange reserves (Friedman & Schwartz 1963). Contrarily, post-Keynesians 
presented that capital inflows has a positive relationship with foreign exchange reserves which 
subsequently lead to credit expansions according to Minsky (1970). The corrective action sug
gested by the monetarist’s expansionary monetary policy from the central bank will lead to 
increased interest rates which results a severe drop in the money market’s liquidity. On the 
other hand, the post-Keynesians postulated that excessive credit expansions decrease credit and 
asset prices when the interest of foreign-dominated debts exceed the cash inflows.
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In this regard, the channel through which commodity price fluctuations can influence the real 
economy is through the impact on a financial channel (Eberhardt & Presbitero, 2021). Shocks in 
commodity price have a high potential to drive financial instability and crises in banks when there 
is a surge in information asymmetry, pressure in the public sector, a surge in deposit withdrawals, 
and when governments cut short their severing debt maturity or reduce their revenues (Bosio 
et al., 2021; Eberhardt & Presbitero, 2021), etc. For instance, commodity price fluctuations heighten 
asymmetric information which hinders the ability to separate good borrowers from bad ones. Also, 
plummeting of commodity prices lessens revenues generated from exports by firms, and creates 
difficulty for these firms to honour their debt obligations. This eventually translates to negative 
impact on bank asset quality.

Analogously, the public sector faces intense pressure when there is a drop in prices, to escalate 
arrears to actors of the supply chain and contractors which eventually diminishes financial position 
of banks (Bosio et al., 2021). Moreover, a fall in commodity price can reduce government revenues, 
especially in development economies like Ghana with a concentrated export base. A survey by 
Eberhardt and Presbitero (2021) provided that two-thirds of banking crises contagion in low- 
income economies occurred when commodity price shock was greater than its short-run normal. 
The reduction in government revenues can increase the appetite for issuance of public debt which 
drives the exposure of banks to sovereign risks through hostile interference and moral suasion 
(Eberhardt & Presbitero, 2021; Ongena et al., 2019).

The long-run negative shocks in commodity prices drive precipitous deposit withdrawals by 
individuals and institutional investors (and even government to finance budget deficits), which 
ultimately plummets bank funding and liquidity. Thus, the statement of financial position as well 
as performance of banks weakens when volatility in commodity prices thrives in a going concern in 
the midst of surges in other general macroeconomic conditions. The transmission mechanism 
indicated above illustrates the relevance of utilizing the following economic indicators. They 
include; three commodities (cocoa, crude, and gold), five banking sector financial indicators 
(Capital Adequacy Ratio (CAR), Non-Performing Loans (NPL), Return on Equity (ROE), Return on 
Assets (ROA), and Core Liquid assets to total assets (CLATA)), and three general macroeconomic 
indicators (Inflation, GEPU, and Exchange rate). Accordingly, the selected variables are significant 
in capturing the research problem in line with theoretical arguments better.

A recent study by Jeris and Nath (2021) explored the determinants of US bank indices by utilizing 
the wavelet approach. It was found that the US banks were vulnerable to COVID-19 cases, crude 
oil prices, economic policy uncertainty, and market volatility during the pandemic. Bilgin et al. 
(2021) investigated the asymmetric influence of economic uncertainty on default risk of both 
conventional and Islamic banks. It was found that default risk of both conventional banks are 
largely susceptible to economic uncertainty relative to Islamic banks. In Ghana, Idun et al. (2022) 
revealed high integration between the indicators of the Ghana stock exchange returns and banking 
sector financial soundness measures relative to interest rate measures.

Moreover, Boateng, Asafo-Adjei, Addison et al. (2022) examined interconnectedness between 
commodities returns in Ghana and revealed that the partial effect of GEPU is crucial in the nexus of 
the commodities, especially, during crises. However, the comovements between commodity price 
returns and banking sector financial soundness indicators while considering the partial impact of 
general macroeconomic conditions as a common interdependence in a time-frequency domain 
are missing in literature. Very little can also be said about the possible interactions among 
commodities, banking sector financial soundness indicators, and general macroeconomic variables 
simultaneously at diverse frequencies. As a result, we seek to answer the following research 
questions;

i. What is the comovements between commodity returns and banking sector financial sound
ness indicators across time and frequency?
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ii. What is the partial influence of general macroeconomic variables on the interconnectedness 
between commodity returns and banking sector financial soundness indicators across time 
and frequency?

iii. What is the degree of integration among commodity returns, banking sector financial 
soundness indicators and general macroeconomic variables across investment horizons?

The first, second, and third research questions would be answered using the bi-wavelet, partial 
wavelet, and wavelet multiple approaches respectively.

3. Methodology
The paper shared light on the time-frequency a link between commodities and banking sector financial 
indicators in the presence of general macroeconomic variables in Ghana by adopting the wavelet 
techniques specifically bi-wavelet, partial wavelet, and wavelet multiple. They are principally used in 
the paper to analyze the comovements in time and frequency, lead/lag relationships as well as asym
metric relationships of the study variables. In the sub-sections, we highlighted the data sources and 
description and specific members of the wavelet techniques employed in the paper.

3.1. Data sources and description
We utilize monthly data which includes—three commodities (Cocoa, crude, and gold). Also, five banking 
sector financial indicators which are—Capital Adequacy Ratio (CAR), Non-Performing Loans (NPL), Return 
on Equity (ROE), Return on Assets (ROA), and Core Liquid assets to total assets (CLATA), and three general 
macroeconomic indicators (Inflation, GEPU, and Exchange rate). The monthly data span from 
January 2007 to March 2021, with 165 observations. The monthly data cover serious events such as 
the 2008 Global Financial Crisis, Eurozone crises, and COVID-19. Except for GEPU, the other data were 
gleaned from the Bank of Ghana economic database. Data on GEPU were retrieved from the website 
developed by Baker, et al (2016) https://www.policyuncertainty.com/index.html. We utilize monthly 
returns as—rt ¼ ln Pt

Pt� 1

� �
, where rt is the logarithmic returns, Pt (present index) and Pt� 1 (preceding 

index).

3.2. Descriptive statistics
The log-returns and time-varying prices of commodities, banking sector financial indicator, exchange 
rate, inflation and GEPU are shown in Figure 1. Except for gold prices, the prices of commodities move 
upwards in the early part of 2020 after a negative spike, as can be seen from the price series. Cocoa, crude 
oil, and gold have all experienced significant fluctuations, particularly between 2008 and 2012, and 2015 
and 2020. The financial crisis and the Eurozone crisis are to blame for the declining in prices of 
commodities from 2008 to 2013. Crude oil prices have been trending downward since 2014, and this 
may be ascribed to the greatest prices drop in crude oil in history (see Asafo-Adjei, Adam et al., 2021).

Beyond 2019, the price of gold is expected to rise, indicating an increase in gold’s worth and demand 
throughout the COVID-19 pandemic. Consequently, gold is anticipated to serve as a haven for a large 
number of assets that suffered losses as a result of the COVID-19 outbreak. At that time, GEPU and 
exchange rate is on the rise. This may require further investigations by researchers. Banking sector 
financial indicators indices in the banking sector have been trending upwards and downwards over time, 
with ROA and ROE indicating similar behavior. It is also possible to see commonalities in trends between 
the inflation and exchange rate plots, which would be worth further investigation. Figure 1 demonstrates 
volatility clustering by displaying how the log-returns series represent the stylised facts of asset returns.

Table 1 presents the descriptive statistics on the major variables used for analysis concerning the 
Commodities, Banking sector financial indicators, and general macroeconomic indicators. The negative 
mean returns indicate less performance whilst the positive returns of the commodities depict high 
tendencies to withstand shocks. It can be seen that there is less variation within the variables as 
shown by the standard deviation concentrating around 0.1. The negative skewness suggests that 
there is a likelihood for lower returns in a going concern. Also, it can be observed from the Jarque-Bera 
statistic that all the series are not normally distributed.
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Figure 1. Plots of prices and 
returns series.
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3.3. Bi-wavelet
Bi-wavelet showed the nexus between commodities (gold, cocoa, and crude oil prices) and banking 
sector financial indicators (return on assets, return on equity, capital adequacy ratio, non- 
performing loans, and core-liquid assets to total assets) from time-frequency setting.

The continuous wavelet transform (CWT) was the main focus of the paper because it provides 
a superior extraction benefit (Pal & Mitra, 2019). Since every frequency is used in operation and the 
shifting of the wavelet function is a continuous process, the CWT ensures that time series are 
broken down into simpler functions that are easier to understand. A mother wavelet decomposi
tion for a time series (t), can be written in equation 1 as 

wx
�l; s
� �

¼ ò
1

� 1 x tð Þ
ffiffiffi
s
p � 1ψ

t � �l
s

 !

dt (1) 

where t shows location or time depicting the specific place or time of the wavelet and scale 
dilation component identified as s tells the stretched nature of the wavelet, ψ is a complex 
conjugate in the function of the mother wavelet. Regarding the selected time-series variables 

and restricting it to the particular features of ψ :ð Þ our end is ws
�l; s
� �

.

Torrence and Compo (1998) define wavelet transformation coherence (WTC) as the squared 
value normalization of a cross-absolute spectrum to a single wavelet power spectrum. Equation 2 
denotes the equation for the squared wavelet coefficient. 

R2 x; yð Þ ¼
ρ s� 1Wxy

�l; s
� �� ��

�
�

�
�
�
2

ρðs� 1 Wx
�l; s
� ��

�
�

�
�
�
2
Þρðs� 1 Wy

�l; s
� ��

�
�

�
�
�
2
Þ

(2) 

where p is a smoothing factor used to stabilities resolution as well as significance, and squared 
wavelet coefficient ranges between 0 and 1; 0 � R2

xy
�l; s
� �

� 1.

The closer a number to 0 the weaker the association, whereas a number closer to 1 highlights 
a significant nexus. The WTC exhibits a thorough connection between the time series variables in 
the time-frequency domain. A stronger comovement is indicated by a brighter color in the results. 
Given that it is challenging to determine the theoretical distribution of the cross wavelet transform 

Table 1. Preliminary statistics
Mean Std. Dev. Skewness Kurtosis Jarque-Bera

COCOA 0.0026 0.0584 −0.1193 3.9652 6.7966**

GOLD 0.0061 0.0395 0.6051 5.0830 39.8981***

CRUDE 0.0003 0.1015 −0.9493 7.9834 195.5165***

CAR 0.0017 0.0433 0.6711 5.3914 51.7044***

NPL 0.0041 0.0573 0.2974 8.5965 217.7645***

ROA −0.0001 0.1798 0.3267 13.0049 691.1092***

ROE −0.0012 0.2111 −0.0578 12.0847 567.5034***

CLATA −0.0009 0.0528 0.1562 2.9098 0.7267

INF −0.0004 0.0516 0.9517 10.7340 436.1320***

EXC 0.0111 0.0316 −0.5829 8.0956 187.8575***

GEPU 0.0081 0.1874 0.3354 3.5139 4.9095*

[*], [**], and [***] indicate significance at 10%, 5% and 1% levels respectively. 
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coefficient, the Monte Carlo approach was developed to examine the statistical significance of this 
nexus (Torrence and Compo, 1998).

The WTC Phase difference demonstrates the oscillation interruptions in a particular time series. 
Equation 3 takes advice from Bloomfield et al. (2004) and takes into account the phase difference 
between (t) and (t). 

;xy l
;

s
� �

¼ tan� 1
S s� 1Wxy l

;

s
� �� �n o

< S s� 1Wxy l
;

s
� �� �n o (3) 

and ℜ used in equation 3 demonstrate imaginary operators and real operators correspondingly. 
The wavelet coherence difference is highlighted as a source of guidance by the phase pattern 
dimension on the wavelet coherence map. Gouhier (2013) provided the statistical clarifications and 
analytic codes. Dimensional arrows are used to distinguish phase patterns. Arrows that are 
pointing right, left, upward, or downward are used to illustrate their findings in a visual format. 
Right arrows pointing upward and left arrows pointing downward identify the first variable, and left 
arrows pointing upward and right arrows pointing downward, respectively. The connection 
between the linked variables is represented by a color scheme and a surface color. Red (warm) 
color indicates regions with large comovements, whereas blue (cold) color indicates portions with 
little comovements.

3.4. Partial wavelet coherence (PWC)
The PWC is used in literature to regulate the impact of time series variable z(t) on the wavelet 
coherence between other two time series variables x(t) and y(t), as well as to reduce the problem 
of “pure” correlation between time-series variables (Wu et al., 2020). Equation 4 illustrates how the 
partial correlation squared and the PWC are related 

R2
p x; y; zð Þ ¼

R x; yð Þ � R x; zð Þ � R x; yð Þ
�

j j
2

1 � R x; zð Þ�
2
½1 � R y; zð Þ

h i2 (4) 

where R2
pðx; y; zÞ is between 0 and 1. We employ x and y respectively as commodity price returns and 

banking sector financial indicators returns while z denotes the general macroeconomic variables of 
Ghana.

3.5. Wavelet multiple
Let Xt ¼ x1t; x2t; . . . ; xnt follows a multivariate stochastic process and let Wjt ¼ w1jt;w2jt; . . . :;wnjt be 
a resultant scale λj.

Fitted values of zt from a theory of regression is zt, therefore the wavelet multiple correlation 
(WMC) is in Eq. (5) 

ΩX λjð Þ ¼ Corr wijt; ŵijt
� �

¼
Cov wijt; ŵijt

� �

Var wijt
� �

Var ŵijt
� �� �1=2 (5) 

where wij is used to capitalize on ΩX λj
� �

and ŵijt represents the fitted values in the regression of wij 

on the outstanding wavelet coefficients at scale λj.

The wavelet multiple cross-correlation (WMCC) is obtained by allowing a lag r amid fitted values 
observable at scale λf as in equation 6: 
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ΩX; τ λj
� �
¼ Corr wijt; ŵijtþτ

� �
¼

Cov wijt; ŵijtþτ

� �

Var wijt
� �

Var ŵijtþτ
� � (6) 

where for n = 2, WMCC and WMC unite with the cross-correlation and standard wavelet correlation.

To calculate WMCC and WMC let X ¼ X1; X2; . . . ; XTf g be the recognition of the multivariate stochastic 
process Xt for t ¼ 1;2; . . . ; T. MODWT of order J is linked to individual univariate time series {{X1i, X1T}, for 

i ¼ 1;2; . . . ;n, the J length � T vectors of coefficients of MODWT ~Wj ¼
~Wj1;

~Wj1; . . . ;W ~Wj;T� 1

n o
; for j ¼

0;1; . . . ; J is obtained.

A nonlinear function of all n n� 1ð Þ

2 wavelet correlations of scale λf and a steady estimator of 
wavelet correlation from the MODWT is shown in equation 7: 

~ΩX λj
� �
¼ 1 �

1
maxdiag~P� 1

j

 !1
2

¼ Corr wijt; ŵijt
� �

¼
Cov ~wijt;

b~wijt

� �

Var ~wijt
� �

Var b~wijt

� �� �1=2 (7) 

where ~wij , the regression of the equivalent set of regressors ~wkj; k�i
� �

optimize the R2,b~wij 

denotes meeting the requirements fitted values, and Lj ¼ L � 1ð Þ 2j � 1
� �

shows the number of 
wavelet coefficients impacted by the boundary constraints associated with a length wavelet filter L 
and scale λj but ~T ¼ T � Lj þ 1 shows the number of wavelet coefficients that are not influenced by 
boundary conditions.

An appropriate equation for the WMCC is presented as 

~ΩX; τ λj
� �
¼ Corr wijt; ŵijt

� �
¼

Cov ~wijt;
b~wijtþτ

� �

Var ~wijt
� �

Var b~wijtþτ

� �� �1=2 (8) 

For simplicity’s sake, Fernández-Macho (2012) calculates the confidence interval (CI) of WMC using 
the transformation arctan ℎ(г), where arctan ℎ(.) is the inverse hyperbolic tangent function 
(Tweneboah, 2019). The same realization of x used in the calculation of WMC and WMCC served 
as the basis for the estimation of the confidence interval (see Fernández-Macho (2012) for an 
extensive presentation of WMC and WMCC).

4. Results and discussion
The analysis of this study is achieved with the aid of wavelet techniques. To investigate both 
the time and frequency dimensions of the variables, the partial wavelet, and bi-wavelet 
techniques are utilized. The wavelet multiple techniques are further considered to account 
for the frequency dimension. The paper followed Boateng, Asafo-Adjei, Addison et al. (2022) 
to set the wavelet factors to lj; j ¼ 1 . . . 4, because the paper utilized monthly data. The wavelet 
factors related to periods of months with, 2 months through to 4 months as short-term, 
4 months through to 16 months as medium-term and anything above 16 months to be long- 
term respectively.

4.1. Time-frequency domain
Figure 2 shows the results for the partial wavelet and bi-wavelet. The bi-wavelet analyses consider 
the nexus in terms of lead/lag between prices of commodities and banking sector financial 
indicators in a time-frequency perspective, while partial wavelet analyses consider the effect of 
a common interdependence (general economic indicators) on the relationship between prices of 
commodities and banking sector financial indicators.  
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From Figure 2, in the bi-wavelet case, we noticed positive comovements between Cocoa and 
most of the banking sector financial indicators such as CAR, ROE, and ROA, in the medium-term 
between 2007 and 2009. This may be partly ascribed to the 2008 Global Financial Crisis which 
distorted most economic activities around the world. This induced the fluctuations of world prices 
of exports which impact on spending, national income, and investments significantly (Blattman 
et al., 2007; Deaton & Miller, 1995). The outcome from this study is similar to the findings of Idun 
et al. (2022) when banking sector financial soundness exhibited significant positive comovements 
with the indicators of the Ghana stock exchange returns.

Figure 2. Comovements 
between commodities and the 
macroeconomic variables. 
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Nonetheless during this period Cocoa partly contributed positively to improving the financial 
indicators of these banks. Thus, this finding underscores that the 2008 Global Financial Crisis had 
a limited or inconsequential impact on most economies, including Ghana? This remains a debate 
that needs to be well accentuated. Beyond this period, we notice negative comovements between 
Cocoa and these banking sector indicators in the medium- and long terms before 2016. That is 
after some time, where the global economy has become saturated with the impact of the crisis, 
these banking sector financial indicators transmit negative shocks to Cocoa, suggesting a decline 
or fluctuation in prices. Accordingly, this is partly a result of the delayed volatility of market 

Figure 2. Continued. 
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competitiveness and external shocks (DVMCES) hypothesis proposed by Asafo-Adjei, Frimpong 
et al. (2022), in the aftermath of the crisis.

The outcome on gold is synonymous with Cocoa, but with some additional remarkable findings. The 
comovements between gold and the banking sector financial indicators are high. Although the 
directional comovements between gold and CAR cannot be determined, the remaining banking 
indicators depict positive and negative comovements with gold during the Global Financial Crisis 
and COVID-19 pandemic respectively. During the COVID-19, a similar outcome could not be found for 
Cocoa as discussed earlier because, Cocoa was a less dominant trading commodity during this period 
based on exported value, and as such, expected to experience relatively fewer trading shocks 
emanating from the pandemic. Accordingly, as of 2019, Ghana’s major exports from least to the 
highest were cocoa paste ($504 million), cocoa beans ($1.61 billion) followed by crude petroleum 

Figure 2. Continued. 
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($4.68 billion), and gold ($10.8 billion) (see, Boateng, Asafo-Adjei, Addison et al., 2022; Simoes & 
Hidalgo, 2011). We document negative comovements between gold and banking sector financial 
indicators in the short, and medium-term of the COVID-19 pandemic. The adverse effect of the 
COVID-19 pandemic could not extend to the long-term since most economies have learned how to 
survive and, most economic activities have now become saturated hindering shocks from the 
Pandemic.

Contrarily, comovements between crude oil and the banking sector indicators are mostly posi
tive with the Crude oil acting as driver, leading most of the relationships at both the 2008 crisis and 
the COVID-19 pandemic. This highlights the significant impact of Crude oil on the development of 
world economies (Abdulkarim et al., 2020; Asafo-Adjei, Adam et al., 2021; Hung & Vo, 2022; 
Reboredo & Ugolini, 2016), and its possible impact on inflation, fiscal policy, monetary policy, 
and interest rate (Olomola & Adejumo, 2006; Ratti & Vespignani, 2016). Our study is consistent 
with the outcome of Uribe and Schmitt-Grohé (2015), who found that commodity prices are 
significant drivers of economic aggregates.

Theoretically, fluctuation in crude oil prices influences the earnings of companies through the 
dividend discount model and depending on whether the company is a net-oil producer or consumer. 
For banks, the impact of fluctuations in crude oil prices may be felt through inflationary pressures 
partly mitigated by the high-interest rate which plummets firm value through the dividend discount 
model. Notwithstanding, we find that during uncertainties, the performance of the crude oil market is 
directly linked to the performance of the banking sector to experience a surge. This outcome is similar 
to the findings of Hung (2022a), who revealed positive comovements between energy consumption 
and economic growth in BRICS countries. Consequently, the crude market and the banking industry 
(from a full reflection of the soundness measures in stock prices) do not act as a potential haven 
during uncertainties.

Due to the rapid fluctuations in macroeconomic variables, especially in times of uncertainties, 
we control for the possible impact of general macroeconomic indicators which are not specific to 
a single industry on the comovements between commodities and the banking sector financial 
indicators. This is executed through the partial wavelet technique. In most cases, it can be noticed 
that GEPU, followed by inflation impact on the comovements between prices of commodities and 
banking sector financial indicators significantly which is synonymous to the outcome of Jeris and 
Nath (2021). This confirms the adverse impact of GEPU (Asafo-Adjei et al., 2020; Boateng, Asafo- 
Adjei, Addison et al., 2022; Asafo-Adjei, Boateng et al., 2021) and inflation (Boateng, Asafo-Adjei, 
Addison et al., 2022) on most economic activities. Also, Hung (2021) confirmed the pass-through 
effect of EPU on stock returns of BRICS. On the other hand, since the performance of the exchange 
rate is directly linked to the performance of the net export-dependent economy, Ghana, with 
mostly positive net-import, would have minimal impact of its exchange rate on economic 
activities.

4.2. Frequency-dependent approach

4.2.1. Wavelet bivariate correlations matrix
The bivariate contemporary correlations (BCC) are studied at four wavelet scales, as shown in 
Figure 3a, b and c). The horizontal axis indicates the potential choices for generating wavelet 
correlation coefficients. The similarities between the pairings weaken as we move from left to 
right. The wavelet scales on the vertical axis represent periods. The bivariate contemporaneous 
correlation matrix examines the relationship between the realizations of two possible time series 
combinations during the same era (Asafo-Adjei, Adam et al., 2021; Boateng, Asafo-Adjei, Addison 
et al., 2022).

The results show a mix of positive and negative connection amid the pairs noticed in Figures 3a, 
3b, and 3c. The comovements between ROA and ROE are very strong in the long-, medium-, and 
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short-terms. Cocoa depicts positive comovements with crude oil and gold which is in line with the 
study of Boateng, Asafo-Adjei, Addison et al. (2022). Crude oil and gold are positively related 
except in the short term between 2 and 4 months. Generally, we notice that the comovements 
between banking sector financial indicators are negative except that of ROA and ROE (see 
Figures 3a and 3b) as found by Idun et al. (2022). CAR and NPL demonstrate negative 
comovements with EXC and GEPU, but positive with INF. It can be seen that fluctuation in the 
exchange rate is not favorable for ROA, and probably ROE in the short-, medium, and long-term 
s (see Figure 3b). Also, comovements between commodities and inflation as well as GEPU are 
mostly negative throughout the wavelet scales (see Figure 3c).

Figure 3. Wavelet bivariate 
correlations matrix. 
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4.2.2. Wavelet multiple correlations (WMC)
WMC for commodities, banking sector financial indicators, and general macroeconomic factors 
into frequency localisation by the MODWT (Fernández-Macho, 2012) are discussed below. It shows 
the degree of interdependence between the variables without revealing leading or trailing vari
ables (see Hamidu et al., 2022; Boateng, Asafo-Adjei, Addison et al., 2022; Owusu Junior et al.,  
2021, etc.).

Figure 4 and Table 2 found the degree of integration amongst the prices of commodities, 
banking sector financial indicators, and general macroeconomic drivers over diverse horizons 
(short, medium-, and long-terms) in a incessant way. For the monthly return series, the degree 
of integration is relatively high, reaching around 0.9635 for the WMC, 0.8486 for the lower panel, 
and 0.9916 for the upper panel. The high integration among the variables partly agrees with the 
outcome of Boateng, Asafo-Adjei, Addison et al. (2022) and Idun et al. (2022), although similar, but 
not the same, variables were employed. This implies that macroeconomic indicators in Ghanaian 
economy are highly integrated. As a result, investors, policy-makers, portfolio managers, to name 
a few, should be concerned about contagion effects among the selected variables which could 
occasion a fall in several other indicators during chaotic economic conditions. This highlights the 
sensitivity of the macroeconomic indicators in Ghana. Over the horizon, there is an unbroken swell 
in the WMC. Thus, monthly data of one variable can be justified to a degree of roughly 96 percent 
from monthly by the remaining variables, leading to scale 16 months’ dependency.

4.2.3. Wavelet multiple cross correlations (WMCC)
Table 3 depicts WMCC for four wavelet scales. The scales on the y-axis in Figure 5 have identical 
connotations to those mentioned before in the wavelet multiple analysis discussion. The x-axis, 
according to Asafo-Adjei, Adam et al. (2021) and Asafo-Adjei, Adam, Idun & Ametepi (2022), 
depicts the series’ lag length. In this situation, the positive and negative lags are separated by 
12 months. At the corresponding scales, positive lag denotes a lagging variable, whereas negative 
lag denotes a leading variable. There is no lead or lag at the zero-lag of localization. Localization 
refers to the maximum values in the linear combination of all variables at the wavelet scales, 

Figure 3. Continued. 
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which are illustrated by dashed lines within the dotted lines (at all lags). When a variable is listed 
on a scale, it has the potential to lead or lag all other variables. It signifies that in the linear 
combination of all the variables at the relevant scales at that scale, it has the largest value. 
Economic ramifications, the most important variable at a certain wavelet scale, are determined to 
serve as either a leading (first mover to respond to shocks) or a trailing (last variable to respond to 
shocks after the other variables) variable, and it reveals the degree of interdependence between 
the variables. (Asafo-Adjei, Adam et al., 2021; Boateng, Asafo-Adjei, Addison et al., 2022).

Some banking sector financial metrics (ROE and ROA) have the potential to lead or lag over 2– 
16 months, as shown in Figure 5 (Table 3). After 16 months, the exchange rate maximises the 
various cross-correlations of the remaining variables using a linear combination. As a result, at this 
point, the exchange rate is ahead of the relationship. This implies that the exchange rate has 
a long-term effect on the commodities, banking sector financial indicators, and other macroeco
nomic variables (GEPU and Inflation). Thus, the exchange rate is the first variable to respond to 
shocks in light of external shocks, inflation, and fluctuations in commodities. This partly explains 
the vulnerability of the Ghanaian cedi against the US dollars, considering shocks emanating from 
the external environment as well as domestic shocks (Katusiime, 2019; Owusu Junior et al., 2018).

Figure 4. Wavelet multiple cor
relations among commodities, 
banking sector financial indica
tors, and general economic 
indicators. U-upper limits, L- 
lower (at 95% confidence 
interval).

Table 2. Wavelet multiple correlations (WMC)
Scale WMC “lower” Correlation WMC “upper”
1 0.8863 0.9254 0.9513

2 0.8500 0.9177 0.9556

3 0.8145 0.9240 0.9699

4 0.8486 0.9635 0.9916

Table 3. Wavelet multiple cross correlations (WMCC)

Scale Localizations Time Lag (months)
Leading/Lagging 

variable
1 0.9254 0 ROE

2 0.9177 0 ROA

3 0.9240 0 ROA

4 0.9895 −8 EXC
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5. Conclusion
An investigation into the interconnectedness between important trading commodities and macroeco
nomic variables is provided in this study. The investigations are provided for both time and/or frequency 
domains. Hence, the wavelet techniques are explored—bi-wavelet, partial wavelet, and wavelet multiple. 
Specifically, we employed the bi-wavelet to examine the comovements between three commodities and 
banking sector financial indicators. The partial wavelet was utilized to ascertain the contribution of 
general economic indicators on the comovements in the bi-wavelet case. Lastly, the wavelet multiple 
enabled us to assess the frequency distribution of the variables simultaneously for interdependencies or 
integration purposes. We do this to provide detailed dynamics of commodities, banking sector financial 
indicators, and general macroeconomic indicators to facilitate effective policy decisions, portfolio, and 
risk management, as well as provide insights for investors of commodities.

We found positive comovements between Cocoa and most of the banking sector financial indicators 
such as CAR, ROE, and ROA, in the medium-term between 2007 and 2009. Thus, this finding underscores 
that the 2008 Global Financial Crisis had a limited or inconsequential impact on most economies, 
including Ghana. This remains a debate that needs to be well accentuated. Beyond this period, we 
noticed negative comovements between Cocoa and these banking sector indicators in the medium- and 
long-terms before 2016. Accordingly, this is partly a result of the delayed volatility of market competi
tiveness and external shocks (DVMCES) hypothesis proposed by Asafo-Adjei, Frimpong et al. (2022), in the 
aftermath of the crisis. The outcome on gold is synonymous with Cocoa, but with some additional 
remarkable findings. Although the directional comovements between gold and CAR were indetermin
able, the remaining banking indicators depict positive and negative comovements with gold during the 
Global Financial Crisis and COVID-19 pandemic respectively. Contrarily, comovements between crude oil 
and the banking sector indicators are mostly positive with the crude oil acting as driver, leading most of 
the relationships at both the 2008 crisis and COVID-19. Moreover, from the partial wavelet, in most cases, 
we found that GEPU, followed by inflation had a significant impact on the nexus between commodities 
and banking sector financial indicators. This confirms the adverse impact of GEPU (Asafo-Adjei et al.,  
2020; Asafo-Adjei, Boateng et al., 2021; Boateng, Asafo-Adjei, Addison et al., 2022) and inflation 
(Boateng, Asafo-Adjei, Addison et al., 2022) on most economic activities.

The wavelet multiple techniques revealed strong positive comovements between ROA and ROE 
and the commodities. On the other hand, comovements between commodities and the general 
macroeconomic indicators as well as some of the banking sector financial indicators (CAR and NPL) 

Figure 5. Wavelet multiple 
cross-correlations among 
Commodities, Banking sector 
financial indicators, and gen
eral economic indicators.

Kyei et al., Cogent Economics & Finance (2023), 11: 2173871                                                                                                                                          
https://doi.org/10.1080/23322039.2023.2173871

Page 18 of 22



were negative in the short-, medium-, and long-terms. These outcomes were specifically obtained 
from the BCC. Also, the WMC depicted a very high integration between commodities, banking 
sector financial indicators, and general economic indicators. This implies formulated policies on 
one variable have a strong bearing on the remaining variables either positively or negatively with 
incites from the BCC technique in the short-, medium-, and long-terms. It was further revealed that 
the exchange rate in Ghana is vulnerable to shocks in the long-term amid commodities, banking 
sector financial indicators, and general macroeconomic conditions.

We recommend that the Government of Ghana and policy-makers should fine-tune policies that take 
into account their impact on other economic indicators. Policies should be initiated to revamp fluctua
tions in the exchange rate. To minimize the adverse impact of inflation and GEPU, it is required that 
effective and efficient country-level policies geared towards stability are initiated to resuscitate the 
economy. Accordingly, we reiterate the assertion found in the ”Bank of Ghana Banking Sector Report” 
(2020) that performance improvement should indeed be associated with recapitalisation and regulatory 
reforms to ensure the long-term sustainability of banks’ performance.

Further studies can consider similarities and multi-frequency information flows between these 
variables to provide additional insights into the heterogeneous and adaptive behaviors (Asafo- 
Adjei, Bossman et al., 2022; Asafo-Adjei, Owusu Junior, & Adam, 2021; Boateng, Asafo-Adjei, Gatsi 
et al., 2022 Boateng, Owusu Junior et al., 2022; Bossman, Agyei et al., 2022; Bossman, Umar et al.,  
2022; Owusu Junior et al., 2021; Qabhobho et al., 2022, etc.) of these economic indicators. Other 
studies can examine the dynamics of the general macroeconomic indicators or banking sector 
financial indicators with other financial markets.
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