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Abstract: This study examines the nexus between oil prices and inflation in G20 economies, 
addressing the critical gaps by adopting a comparative approach across three pivotal oil 
price downturns in 2008, 2014, and 2020 (during the COVID-19 pandemic). This study 
utilised monthly time series data from January 2000 to December 2023 and the Bayesian 
Structural Time Series (BSTS) approach for causal impact analysis. This study found that 
during the global financial crisis (December 2007 to June 2014), advanced economies such 
as Australia and the UK displayed varying degrees of negative absolute causal impact, 
aligning with the deflationary impact of falling oil prices. In contrast, emerging economies 
faced significant negative causal impacts. From June 2014 to January 2020, diverse 
inflation impacts were observed across G20 economies after a significant oil price decline. 
Advanced economies such as Australia and emerging economies such as Brazil experienced 
negative impacts, while others showed negligible effects. In the subsequent period from 
January 2020 to December 2023, amid the COVID-19 pandemic and substantial oil price 
decline, G20 countries exhibited varied inflation outcomes. According to the results, there 
were absolute positive effects, which had a direct connection to high inflation rates. 
However, China was exceptional, as it had a significantly negative response. According to 
the wavelet coherence analysis, oil prices have an uneven and asymmetrical effect on 
inflation. This study’s results will help policymakers understand how various economies 
respond to shocks related to oil prices. Notably, this study also highlights the need for 
policymakers to develop flexible and forward-looking policies. As a result, this study 
underscores the need for G20 countries to develop strategic interventions that can adapt 
to the varying ways oil prices influence inflation, to keep their economies stable. 
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Introduction 

The nexus between oil prices and inflation has long held 
centre stage in the macroeconomic discussion (Bernanke, 
1983; Hamilton, 1996). It features well-structured bilateral 
interconnections between a range of economic and 
financial services, highlighting its central position in 
guiding the macro-policy and welfare of society 
(Farzanegan & Markwardt, 2009; Salisu et al., 2017). As a 
raw material important in industrialisation, oil produces 
energy, which is a crucial raw input in terms of 
transportation and the production of goods. Therefore, 
fluctuations in oil prices have a strong effect on the entire 
economy, affecting the purchasing power of consumers 
and, consequently, central bank policy (Lorusso & Pieroni, 
2018; Segal, 2011). Therefore, it is vital to understand the 
causal link between oil price fluctuations and inflation. 
This will enable policymakers to provide effective 
responses, reduce economic instability, and protect the 
well-being of millions of people (Abdulrahman, 2023; Kan 
& Serin, 2022; Nazlioglu, Gormus, & Soytas, 2019). In the 
1970s, there was a significant surge in inflation, closely 
tethered to abrupt spikes in oil prices globally. The 
subsequent decades saw inflation diminish alongside 
downturns in oil prices (Barsky & Kilian, 2002; Nelson, 
2005). Moreover, during the COVID-19 pandemic, in 
January 2020, global oil prices experienced a substantial 
decline. Surprisingly, despite this downturn in oil prices, 
there was an observed increase in inflation on a global 
scale. The apparent disparity in the trends of oil prices and 
the mixed findings in the related literature leave room for 
ongoing debate and prompt a need for an in-depth 
examination of the relationship between WOP and inflation 
(Álvarez et al., 2011; Bernanke, 1983; Hamilton, 1996, 
2003, 2011; Hooker, 1996; Renou-Maissant, 2019; Sek, 
2017; Wu & Ni, 2011). 
This study builds on prior research by Escobari & Sharma 
(2020), Li & Guo (2022), Khan et al. (2019), and Mensi et al. 
(2023), specifically investigating the asymmetric effects of 
oil price shocks on inflation. In contrast to conventional 
methods, our approach focuses on causal inferences, utilising 
the BSTS technique to precisely measure the magnitude of 
the causal impact during episodes of decreasing oil prices. A 
distinctive feature of our methodology lies in its comparative 
nature, delving into responses across distinct oil price shock 
episodes, encompassing the years 2008, 2014, and 2020 
(during the COVID-19 pandemic). This approach enables an 
examination of the inherently asymmetrical nature of the 
causal impact. However, recognising the limitations of 
scrutinising the causal link between oil prices and inflation, 
our research responds to the observed “asymmetric impact” 
phenomenon highlighted in the existing literature. It posits 
that upward oil price shocks exert more distinct inflationary 
pressures than the deflationary effects induced by downward 
shocks. To delve deeper, our study focuses explicitly on three 
recent oil price downturns: 2008, 2014, and 2020. 
The nexus of oil prices and inflation for G20 economies 
holds paramount importance for several reasons. Firstly, 
the G20 economies constitute over 80% of global GDP 
(Taylan, Alkabaa, & Yılmaz, 2022) and are an important 
indicator of global economic health in terms of inflation. 
Secondly, oil remains a cornerstone of energy consumption 
across most G20 economies, which leads to its price 
fluctuations being a potent driver of inflationary pressures 
(Renou-Maissant, 2019). The sharp oil price downturns in 
2008, 2014, and 2020 during the COVID-19 pandemic 
highlight the urgent need to better understand the extent 
of their casual impacts.  
There is a clear asymmetry in how oil prices shocks affect 

inflation. Developed economies struggled with deflationary 
pressures from falling oil prices, but emerging economies 
were strongly affected by negative causal effects during 
the downturns. Between January 2020 and December 2023, 
during the COVID-19 pandemic, declining oil prices had 
uneven inflation outcomes in different economies. By 
integrating partial wavelet coherence, wavelet coherence, 
and multivariate wavelet coherence analysis, this study 
reveals the robustness of these asymmetries and 
determines varying strengths in the relationship between 
oil prices and inflation. The wavelet coherence analysis 
also includes exchange rates, which show a strong 
influence, especially in advanced economies. The findings 
of this study lead to an important conclusion: policymakers 
should not rely on generic responses; instead, they need 
tailored and proactive strategies for each country’s unique 
economic structure, its vulnerability to exchange rate 
movements, and its exposure to global shocks. Other 
studies have mainly focused on co-movements, but this 
study has quantified the magnitude of the causal impacts 
and reveals how asymmetric responses shape outcomes in 
different countries. Combining wavelet coherence analysis 
with the Bayesian Structural Times Series (BSTS) approach, 
this study gives precise estimates of the causal effects in 
major downturns, which addresses the traditional linear 
models’ weaknesses (Hamilton, 2011; Hooker, 1996). By 
using this approach, this study contributes significantly to 
the growing literature that reveals the nonlinear and uneven 
nature of oil price shocks (Nasir, Huynh, & Yarovaya, 2020; 
Raheem, Bello, & Agboola, 2020). This study examines both 
advanced and emerging G20 economies, offering a 
comprehensive overview on how inflationary responses are 
different, reflecting the heterogeneous structures of the 
world’s largest economies. The findings are significant 
because they provide policymakers with critical insights into 
the unique impact that oil price dynamics have on inflation 
in their respective contexts, enabling tailored and adaptive 
policy responses. Additionally, this research has practical 
applications for economists and financial analysts interested 
in understanding the complex interplay between global oil 
markets and macroeconomic variables. This study is crucial, 
as it provides valuable insights for policymakers aiming to 
understand the two different inflationary responses to oil 
price shocks, which allow us to formulate adaptive and 
proactive economic policies. Multinational corporations, 
especially within energy-intensive sectors, can also use 
these insights to better anticipate inflationary pressures 
during oil price swings, while governments can leverage the 
findings to use their fiscal and monetary policies to stabilise 
inflation and support economic resiliency during times of 
global disruption. The related literature is discussed in the 
next section. Section 3 covers the data and methodology. 
Section 4 presents the results, and Section 5 provides the 
conclusions. 

Literature Review 

Bernanke's (1983) hypothesis that rising oil prices result in 
deferred corporate investments and production declines, 
fuelling inflation, received corroboration in subsequent 
studies, such as those of Peter Ferderer (1996) and 
Farzanegan & Markwardt (2009). The latter highlighted the 
importance of comprehending the nonlinear dynamics 
between oil price volatility and macroeconomic variables, 
especially inflation. One of the central threads in the 
literature has been the investigation of asymmetric 
effects. Salisu et al. (2017) determined that oil price 
shocks tend to have differential short- and long-term 
consequences on inflation, with net oil-importing nations 
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being more severely affected. Similarly, Sek (2017) 
examined the role of oil prices in domestic inflation in 
Malaysia, revealing both symmetric and asymmetric effects 
across sectors.  
These findings imply that the influence of oil price 
volatility on inflation is not monocultural and that the 
nature of the domestic economy controls such impacts 
through the mediation of its structure. A study of 72 
economies, conducted by Choi et al. (2018), showed that a 
10% increase in worldwide oil prices boosted household 
inflation by 0.4 points, with varying durations between 
nations. This nonconformist trend has been reported in 
research involving the heterogeneity of regions. As an 
example, Bala & Chin (2018) studied the African members 
of OPEC, namely, Angola, Libya, Nigeria, and Algeria, and 
discovered that falling oil prices had a more deflationary 
than inflationary impact in these countries. In the same 
manner, the study conducted by Khan et al. (2019) 
established that oil-price shocks in the Asian economies 
had different impacts on economic activity based on the 
appreciation or depreciation of prices.  
Li & Guo (2022) expanded their research to the BRICS, in 
addition to up-and-coming economies, finding that there 
were strong asymmetries, especially in China, where the 
deflationary effects of falling oil prices surpassed the 
inflationary effect of price gains.  
Additional support can be found in Nusair & Olson (2021), who 
reported that, in Southeast Asian economies, the negative 
implications of an increase in oil prices were more 
consequential than the positive implications of a decline in 
prices. These combined findings highlight how important 
regional economic forms are in the process of defining the oil-
price–inflation nexus. Although literature unanimously 
attributes oil-price movement to inflation, more studies 
should be conducted to outline the entire scope of the effects 
and to determine how common asymmetry is. Furthermore, 
the causal significance of different oil-price shock events has 
not been studied in the literature, and most studies have 
focused on directional causality and co-movement (Beckmann 
& Czudaj, 2013; Nazlioglu et al., 2019; Sek, 2017). 
As a result, the current study aimed to fill this gap by 
determining the causal influence of shock related to oil 
prices on inflation across G20 countries and highlighting 
possible asymmetries in the reactions. In short, although the 
importance of oil prices as determinants of inflation is 
largely acknowledged in the literature, there is wide 
disagreement about both the extent and asymmetry of such 
effects in various regions and economic circumstances. This 
study contributes to the ongoing debate by providing 
empirical evidence on the causal effects of oil prices shocks 
in the G20 economies. What makes this study unique is the 
focus on the crucial role of asymmetries and regional 
differences in how inflationary outcomes develop in 
different countries.  

Methodology and Data 

Causal Impact - Bayesian Structural Time Series (BSTS) 

The Bayesian Structural Time Series-based Causal Impact 
framework is a powerful model used to determine the 
causation between WOP and inflation. Brodersen et al. 
(2015) followed this causal impact framework and built 
state–space models. The basic process design of the BSTS 
model is as follows: 

𝑦𝑡 =  𝑍𝑡𝛼𝑡 + 𝑋𝑡𝛽 + 𝜖𝑡 (1) 
where 𝑦𝑡, 𝛼𝑡, 𝑍𝑡, 𝑋𝑡, and 𝛽 are observed inflation rate, 

hidden state vector, observation matrix, external 

covariates, and vector of coefficients respectively. 𝜖𝑡 is the 
innovation vector and is assumed to be normally 

distributed with mean zero and variance 𝜎2. 

𝜖𝑡 ∼ 𝑁(0, 𝜎2) (2) 
This study used the exchange rate (ER) as a covariate of 
interest to regulate the effects of exchange rate volatility 
on the effect of inflation. It has three major elements 
constituting the state–space representation, which are the 
observation equation, the state transition equation, and 
innovations. The state transition equation is the equation 
describing the time dependence of the latent state vector: 

𝛼𝑡+1 = 𝑇𝑡𝛼𝑡 + 𝑅𝑡𝜂𝑡 (3) 
where 𝑇𝑡 is the transition matrix, 𝑅𝑡 is the input matrix, 
and 𝜂𝑡 is the state innovation vector which is assumed to 
follow a normal distribution with mean zero and covariance 
matrix 𝑄𝑡. 

𝜂𝑡 ∼ 𝑁(0, 𝑄𝑡) (4) 
This study used the Bayesian Structural Time Series (BSTS) 
model on individual periods during the periods of 2008, 2014, 
and 2020, which were separate oil price downturns. This was 
achieved by making the model consistent with the observed 
empirical data in each downturn and obtaining samples to 
provide an estimate of the causal effect of the World Oil 
Price (WOP) on inflation. The BSTS approach included a 
counterfactual analysis that allowed differentiating the 
observed course of inflation and the counterfactual scenario, 
which would have occurred in the absence of oil price shocks 
(Bednar, 2021; Brodersen et al., 2015). This counterfactual 
paradigm is the basis on which the cause of WOP on inflation 
in either downturn is established. Notably, the approach 
explains the varied economic conditions and reactions to the 
scenario of oil price shocks in the discussed episodes. Its 
inherent flexibility allows for the introduction of exogenous 
covariates, which makes it especially appropriate for our task 
to gauge the effect of WOP on inflation and at the same time 
to consider the role played by exchange rates. The Bayesian 
foundations offer a sound concept of uncertainty 
quantification thus facilitating a more effective inference of 
the estimated causal effects (Brodersen et al., 2015). 

Prior Distributions and Prior Elicitation 

Assigning prior distributions to the model parameters is a 
crucial step in implementing the Bayesian approach. Let 𝛽 
represent the vector of coefficients associated with the 
external covariates and its prior distribution is denoted as 
𝑝(𝛽) which captures our beliefs about the plausible values 
of these coefficients. Similarly, prior distributions are 
assigned to the parameters of the state space model. The 
information or assumptions about the plausible values of 
the transition matrices, input matrices, and innovation 
variances are encoded by these priors (Box & Tiao, 2011; 
Brodersen et al., 2015). 

Inference 

Inference in Bayesian analysis involves the principles by 
which the previous assumptions about the model 
parameters have been revised as a result of the empirical 
data. The parameters are then inferred by their posterior 
distribution, using the observed data, which include the 
inflation yt: 

𝑝(𝛼𝑡, 𝛽|𝑦𝑡)  ∝  𝑝(𝑦𝑡|𝛼𝑡, 𝛽)(𝛼𝑡 , 𝛽) (5) 
Accordingly, the posterior distribution considers the 
updated data of latent states and coefficients, taking into 
account both the observed and predicted results.  
Gibbs sampling or Metropolis–Hastings algorithms are 
commonly used to draw samples of the posterior 
distribution using Markov Chain Monte Carlo (MCMC) 
techniques (Box & Tiao, 2011; Brodersen et al., 2015). Such 
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procedures provide estimations of the latent states and 
model parameters. 

Evaluating Impact 

The cause effect is gauged by evaluating the inflation 
outcome as observed historically against an ex post facto 
situation whereby oil prices are kept constant. This 
counterfactual is created by extrapolating in time an 
underlying econometric model to subsequently infer which 
inflationary path would have been dominant were oil prices 
to be fluctuating (Brodersen et al., 2015). The ensuing causal 
effect in terms of the difference in the resulting inflation and 
the counterfactual inflation is determined. Counterfactual 
analyses were conducted separately on the three downturns 
in oil prices that occurred in 2008, 2014, and 2020. 

Wavelet Coherence Analysis 

Wavelet coherence analysis was conducted to indicate co-
moments and the strength of the results. We describe 
wavelet transform coherence (WTC), partial wavelet 
coherence (PWC) and multivariate wavelet transform 
coherence (MWTC), based on previous research (Aloui et 
al., 2018; Jiang & Yoon, 2020; Tiwari et al., 2019). 

Wavelet Transform Coherence (WTC) 

WTC is utilized to assess the coherence between WOP and 
INF at various time-frequency locations. Let X(t) and Y(t) 
represent two time series, and 𝑊𝑇𝐶𝑋𝑌(𝜔, 𝑡) denote the 
WTC X(t) and Y(t) at frequency 𝜔 and time t. The formula 
for WTC is given by: 

𝑊𝑇𝐶𝑋𝑌(𝜔, 𝑡) =
|𝑃𝑋𝑌(𝜔,𝑡)|2

𝑃𝑋(𝜔,𝑡)𝑃𝑌(𝜔,𝑡)
  (6) 

where 𝑃𝑋𝑌(𝜔, 𝑡) is the cross-wavelet power, and 𝑃𝑋(𝜔, 𝑡) 
and 𝑃𝑌(𝜔, 𝑡) are the wavelet power spectra of X(t) and Y(t) 
respectively. WTC ranges from 0 to 1, with higher values 
indicating stronger coherence. 

Partial Wavelet Coherence (PWC) 

PWC extends WTC by considering the influence of a third 
variable, providing insights into the direct relationship 
between two variables after removing the effect of the 
third. Let Z(t) be the third time series (exchange rate). The 

PWC between X(t) and Y(t) given Z(t) at frequency 𝜔 and 
time t is given by: 

𝑃𝑊𝐶𝑋𝑌.𝑍(𝜔, 𝑡) =
|𝑃𝑋𝑌.𝑍(𝜔,𝑡)|2

𝑃𝑋.𝑍(𝜔,𝑡)𝑃𝑌.𝑍(𝜔,𝑡)
 (7) 

The terms 𝑃𝑋𝑌.𝑍(𝜔, 𝑡), 𝑃𝑋.𝑍(𝜔, 𝑡), and 𝑃𝑌.𝑍(𝜔, 𝑡) are cross-
wavelet powers and wavelet power spectra involving the 
three variables. PWC allows for the identification of direct 
relationships between X(t) and Y(t) after accounting for 
the influence of Z(t). 

Multivariate Wavelet Transform Coherence (MWTC) 

MWTC extends the analysis to multiple variables, allowing 
for the simultaneous examination of coherence among 
WOP, INF, and ER. Let X(t), Y(t), and Z(t) represent the 
three time series. The MWTC between X(t), Y(t), and Z(t) 
at frequency 𝜔 and time t is given by: 

𝑀𝑊𝑇𝐶𝑋𝑌𝑍(𝜔, 𝑡) =
|𝑃𝑋𝑌𝑍(𝜔,𝑡)|2

𝑃𝑋(𝜔,𝑡)𝑃𝑌(𝜔,𝑡)𝑃𝑍(𝜔,𝑡)
  (8) 

where 𝑃𝑋𝑌𝑍(𝜔, 𝑡) is the cross-wavelet power, and 𝑃𝑋(𝜔, 𝑡), 
𝑃𝑌(𝜔, 𝑡) and 𝑃𝑍(𝜔, 𝑡) are the wavelet power spectra of X(t), 
Y(t), and Z(t) respectively. MWTC offers insights into 
coordinated behavior and interactions among the three 
variables. 
The time-frequency representation generated through 
wavelet analysis provides visual insights into the evolution 
of coherence over time and frequency. It allows for the 
identification of periods and frequencies where the 
relationships between WOP, INF, and ER are particularly 
prominent or weak. 

Data 

Examining monthly data on West Texas Intermediate crude 
oil prices and inflation rates based on the Consumer Price 
Index (CPI) across G20 economies, we delve into the 
dynamics of both net oil exporters and importers. Our 
analysis also includes the exchange rate as a control variable 
with the oil-inflation connection, as highlighted by Cerra 
(2019), Cologni & Manera (2008) and Günay (2018). For G20 
nations utilizing the Euro, we introduce the Real Effective 
Exchange Rate (REER) as a control variable, aiming for a 
more comprehensive perspective. Unfortunately, the 
inclusion of other monthly variables was hindered by 
inconsistent data availability. 

Table 1: Descriptive Statistics and Unit Root Tests – Inflation and WOP. 

 Mean Max. Min. Std. Dev. Skewness Kurtosis Jarque-Bera ADF PP 

Australia_INF 2.86 7.80 -0.30 1.48 1.24 4.45 98.72a -3.53a -2.80c 
Brazil_INF 0.51 3.02 -0.68 0.40 1.53 9.81 668.95a -8.45a -8.09a 
Canada_INF 0.18 1.43 -1.04 0.39 -0.01 3.38 1.77 -13.14a -12.75a 
China_INF 0.17 2.60 -1.39 0.61 0.36 3.61 10.76a -3.04b -12.97a 
France_INF 0.14 1.42 -1.00 0.34 0.10 3.89 10.03b -2.35 -17.11a 
Germany_INF 0.16 1.98 -1.03 0.39 0.41 5.37 75.72a -2.21 -18.01a 
India_INF 0.50 4.58 -1.60 0.72 0.65 6.46 162.46a -2.93b -12.37a 
Indonesia_INF 0.49 8.71 -0.46 0.70 6.01 66.64 50334.57a -13.19a -13.16a 
Italy_INF 0.17 3.42 -0.68 0.32 3.91 40.26 17391.34a -7.95a -15.40a 
Japan_INF 0.03 2.09 -0.80 0.30 0.98 9.74 589.19a -14.23a -14.16a 
Korea_INF 0.21 1.30 -0.74 0.37 0.12 2.93 0.72 -2.92b -12.52a 
KSA_INF 0.19 5.87 -1.05 0.54 5.64 53.21 31782.95a -14.82a -15.34a 
Mexico_INF 0.38 1.70 -1.01 0.36 -0.42 4.33 29.72a -3.80a -9.56a 
Russia_INF 0.79 7.61 -0.54 0.76 3.50 27.48 7215.26a -5.25a -5.42a 
South_Africa_INF 0.43 1.70 -1.14 0.44 0.34 3.81 13.17a -11.78a -12.18a 
Turkiye_INF 1.45 13.58 -1.44 1.87 2.81 14.27 1895.84a -3.48a -7.40a 
UK_INF 0.20 2.15 -0.70 0.34 0.51 7.39 244.34a -2.37 -15.87a 
USA_INF 0.21 1.37 -1.92 0.39 -0.55 6.16 133.94a -10.37a -8.65a 
WOP 63.14 133.96 16.98 25.71 0.27 2.23 10.64a -2.93b -2.62c 

Note: a, b, and c are the level of significance at 1%, 5% and 10% respectively 

The sampled period spans from January 2000 to December 
2023, capturing pivotal events such as the 2007 and 2014 
oil price shocks and the disruptive circumstances of the 

COVID-19 pandemic in 2020. Data is sourced from the 
International Financial Statistics for Inflation (CPI and 
exchange rates) and WOP data from St. Louis (2023).  
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Table 1 offers a comprehensive glimpse into the inflation 
rates and WOP of G20 nations. In terms of descriptive 
statistics, the mean inflation rates vary notably, with 
Australia exhibiting a relatively higher mean of 2.86, while 
Japan records a significantly lower mean of 0.03. The 
standard deviations reveal the volatility of inflation, with 
Indonesia displaying higher fluctuations compared to the 
more stable inflation environment in the UK. The unit root 
test results of the ADF and PP statistics Table 1 provide the 
stationarity of inflation and oil price series. The higher 
negative ADF and PP statistics indicate evidence against a 
unit root. Specific countries like Brazil, Canada, India, and 
others exhibit strong evidence against a unit root, pointing to 
stable inflation dynamics. Conversely, the UK and Germany 
showcase evidence against a unit root with less pronounced 
statistics, suggesting relatively consistent economic 
conditions. These unit root test results collectively lay the 
foundation for robust econometric analyses. 
Figure 1 illustrates WOP and inflation rates for various G20 
countries. Turkey stands out with the highest value at 
13.58, indicating significant periods of elevated price 

increases. Australia, Brazil, and India also experience 
relatively high inflation rates. On the other end of the 
spectrum, Japan maintains the lowest maximum inflation 
at 2.09, reflecting a more restrained inflationary 
environment. Examining the downward movement of 
inflation values, several countries, including Canada, 
France, and Japan, report negative inflation. Turkey 
registers the lowest minimum inflation at -1.44, reflecting 
potential economic downturns during 2011. Notably, the 
global COVID-19 pandemic has contributed to a general 
increase in inflation rates across most countries. This trend 
aligns with the economic disruptions and increased 
government spending witnessed during the pandemic. 
Additionally, the WOP exhibits fluctuations, with a 
maximum value of 133.96 and a minimum value of 16.98. 
The decline in WOP during COVID-19 is likely influenced by 
reduced global demand amid lockdowns and travel 
restrictions. These observations highlight the 
interconnectedness of global economic factors, influencing 
inflation rates and energy markets across G20 nations.  
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Figure 1: Inflation and WOP. 

Results 

Table 2 to Table 4 present the outcomes of the causal 
impact analysis, delineating the causal effects of three 
different periods of WOP downturns. Figure 2 provides a 
visual representation of the consistent causal impact 
across all G20 countries. Additionally, Figures 2 to 5 
showcase the results of WTC, PWC, and MWTC analyses. 

Causal Impact of Oil Prices on Inflation 

Causal Impact of WOP on Inflation from 2007 to June 2014 

During the period from December 2007 to June 2014, marked 
by the global financial crisis and a significant downturn in 
WOP. The causal impact of WOP on inflation during this 
period is reported in Table 2. The findings reveal a spectrum 
of economic responses to the relationship between oil price 
dynamics and the global financial crisis. 
Countries like Australia witnessed a slight negative absolute 
effect, suggesting a modest decrease in inflation following 
the oil price downturn. In contrast, Brazil exhibited a 
substantial positive absolute effect. This disparity 
accentuates the varied economic responses of nations to the 
WOP downturn responses of inflation (Barsky & Kilian, 2002). 
Canada, along with China, France, and Germany, 
demonstrated negative absolute effects, aligning with the 

conventional understanding that higher oil prices 
contribute to reduced economic activity and lower 
inflation (Hamilton, 1996). India displayed a marginal 
positive absolute effect, highlighting the resilience of its 
economy during the specified period, while Indonesia 
showed a significant negative absolute effect. 
Italy, Japan, and South Korea exhibited negative absolute 
effects of varying magnitudes. Russia, unexpectedly, 
displayed a negative significant absolute effect of WOP on 
inflation, possibly due to unique geopolitical and economic 
factors in the region. 
Mexico indicated a positive absolute effect, suggesting 
increased inflation, while South Africa displayed a 
substantial negative absolute effect, revealing a 
considerable decrease in inflation (Salisu et al., 2017). 
Turkiye exhibited a remarkably negative absolute effect, 
emphasizing the severity of the impact on inflation during 
this period. The UK and the USA both demonstrated 
negative absolute effects, indicating reduced inflation. 
Relative effects, expressed as percentage changes in 
inflation, further accentuate asymmetries among 
countries. Brazil’s substantial 200.00% relative effect 
reflects a significant percentage increase in inflation while 
Russia and Turkiye exhibit large negative relative effects, 
indicating substantial percentage decreases, possibly due 
to specific economic challenges. 

Table 2: Posterior Estimates - Causal Impact of Oil Prices on Inflation During Dec. 2007 – Jun. 2014. 

Country Actual Prediction 95% CI Absolute effect 95% CI Relative effect p 

Australia 2.80 3.00 [2.6, 3.5] -0.20 [-0.71, 0.19] -6.67% 0.149 
Brazil 0.48 0.16 [-0.051, 0.37] 0.32 [0.11, 0.53] 200.00% 0.002 
Canada 0.15 0.33 [0.12, 0.54] -0.18 [-0.39, 0.03] -54.55% 0.053 
China 0.22 1.40 [0.3, 2.4] -1.18 [-2.2, -0.077] -84.29% 0.020 
France 0.11 0.22 [0.071, 0.38] -0.11 [-0.27, 0.039] -50.00% 0.072 
Germany 0.11 0.22 [0.018, 0.43] -0.11 [-0.32, 0.096] -50.00% 0.156 
India 0.78 0.77 [0.17, 1.4] 0.01 [-0.58, 0.61] 1.30% 0.494 
Indonesia 0.47 0.95 [0.46, 1.4] -0.48 [-0.95, 0.011] -50.53% 0.028 
Italy 0.15 0.20 [0.14, 0.27] -0.05 [-0.12, 0.014] -25.00% 0.059 
Japan 0.03 0.10 [-0.091, 0.29] -0.07 [-0.27, 0.12] -74.00% 0.218 
South Korea 0.23 0.45 [0.054, 0.86] -0.22 [-0.63, 0.17] -48.89% 0.152 
KSA 0.38 0.55 [0.36, 0.72] -0.17 [-0.34, 0.023] -30.91% 0.044 
Mexico 0.34 0.21 [0.033, 0.4] 0.13 [-0.062, 0.31] 61.90% 0.099 
Russia 0.68 -0.09 [-0.61, 0.44] 0.77 [0.24, 1.3] -831.18% 0.001 
South Africa 0.50 0.93 [0.66, 1.2] -0.43 [-0.69, -0.16] -46.24% 0.001 
Turkiye 0.66 -0.53 [-1.3, 0.23] 1.19 [0.43, 2] -224.53% 0.003 
UK 0.21 0.44 [0.2, 0.69] -0.23 [-0.47, 0.011] -52.27% 0.036 
USA 0.16 0.33 [0.16, 0.51] -0.17 [-0.34, 0.0082] -51.52% 0.035 

Note: p is Bayesian posterior tail-area probability for the significance of causal impact 
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Causal Impact of WOP on Inflation June 2014 – January 
2020 

The causal impact of WOP on inflation from June 2014 to 
January 2020 is reported in Table 3 and Figure 2. The 
Causal Impact findings reveal diverse impacts on inflation 
across countries. Noteworthy trends emerged as we 
examined the absolute effects which show distinctive 
patterns in this regard. 
Australia witnessed a substantial negative absolute causal 
impact of WOP on inflation, aligning with established 
literature recognizing the deflationary impact of falling oil 
prices on advanced economies (Hamilton, 1996, 2003). 
Emerging economies such as Brazil, Indonesia, and South 
Africa Brazil displayed a significant negative absolute causal 
impact. The findings are consistent with studies recognizing 
the deflationary consequences of oil price downturns during 
this period in emerging markets (Barsky & Kilian, 2002).  
Canada, India, and KSA exhibited a modest negative 
absolute causal impact, meanwhile, China, France, 
Germany, and the USA showed negligible absolute causal 
impact, suggesting a limited impact on inflation possibly 

influenced by their diverse economic structures. Italy and 
South Korea experienced a significant negative absolute 
effect, aligning with research that recognizes the 
deflationary impact of reduced oil prices on certain 
European economies. Japan’s positive absolute effect 
indicates a minor increase in inflation, reflecting the 
varied impact of oil price changes on different economies. 
Mexico’s negligible absolute effect suggests a limited 
impact on inflation, possibly influenced by diverse 
economic factors shaping the Mexican economy. The 
absolute causal impact of WOP on inflation in Russia and 
Turkiye was remarkably high which reflects the 
vulnerability of emerging economies to external shocks. 
The UK displayed a negligible absolute effect, suggesting a 
limited impact on inflation, potentially influenced by the 
diverse economic factors shaping the UK economy. 
Relative effects highlight percentage changes in inflation 
which show asymmetries among G20 economies. The 
heterogeneity in findings shows the importance of 
considering country-specific factors when analyzing the 
impact of oil price changes on inflation. 

Table 3: Posterior Estimates - Causal Impact of Oil Prices on Inflation During Jun. 2014 – Jan. 2020. 

Country Actual Prediction 95% CI Absolute effect 95% CI Relative effect p 

Australia 1.70 2.50 [2.2, 2.9] -0.80 [-1.2, -0.5] -32% 0.001 

Brazil 0.45 1.00 [0.83, 1.2] -0.55 [-0.75, -0.38] -55% 0.001 

Canada 0.12 0.18 [0.043, 0.3] -0.06 [-0.18, 0.081] -33% 0.208 

China 0.21 0.12 [-0.18, 0.39] 0.09 [-0.18, 0.39] 75% 0.261 

France 0.07 0.08 [-0.033, 0.2] -0.02 [-0.14, 0.097] -23% 0.387 

Germany 0.08 0.09 [-0.039, 0.22] -0.01 [-0.13, 0.12] -8% 0.456 

India 0.38 0.45 [0.02, 0.9] -0.07 [-0.52, 0.36] -16% 0.387 

Indonesia 0.33 0.90 [0.39, 1.4] -0.57 [-1.1, -0.057] -63% 0.020 

Italy 0.04 0.17 [0.099, 0.24] -0.13 [-0.2, -0.057] -75% 0.001 

Japan 0.04 0.02 [-0.088, 0.11] 0.02 [-0.075, 0.13] 131% 0.358 

South Korea 0.09 0.21 [0.082, 0.34] -0.12 [-0.25, 0.008] -57% 0.035 

KSA 0.05 0.09 [-0.031, 0.22] -0.04 [-0.17, 0.082] -46% 0.263 

Mexico 0.34 0.36 [0.077, 0.67] -0.02 [-0.33, 0.27] -6% 0.476 

Russia 0.50 -0.06 [-1, 0.88] 0.56 [-0.38, 1.5] 881% 0.130 

South Africa 0.39 0.97 [0.73, 1.2] -0.58 [-0.85, -0.34] -60% 0.001 

Turkiye 0.92 -0.10 [-1.6, 1.4] 1.02 [-0.44, 2.5] 1048% 0.088 

UK 0.12 0.13 [0.0027, 0.24] -0.01 [-0.12, 0.12] -8% 0.488 

USA 0.12 0.19 [0.049, 0.32] -0.07 [-0.21, 0.069] -37% 0.161 

Note: p is Bayesian posterior tail-area probability for the significance of causal impact 

Causal Impact of WOP on Inflation January 2020 – 
December 2023 

Over the span from January 2020 to December 2023, 
characterized by the dual impact of the COVID-19 
pandemic and a substantial decline in oil prices, the Causal 
Impact findings in Table 4 offer a thematic perspective on 
inflation outcomes across countries, with a particular focus 
on their absolute effects. 
Several G20 countries, including Australia, France, 
Germany, India, Italy, Saudi Arabia (KSA), Mexico, Russia, 
Turkey, the UK, and the USA, exhibited positive absolute 
effects, signifying a noteworthy rise in inflation. The 
magnitude of these increases varied, reflecting the 
distinctive economic structures, policy approaches, and 
challenges faced by each nation. South Korea, Mexico, and 
Turkey exhibited moderate positive absolute causal impact. 
Canada, Japan, the UK, and the USA showed small positive 
absolute effects due to the oil price downturn in 2020. This 
suggests that economic structure, policy responses, and 
the repercussions of the COVID-19 pandemic may be the 
major contributing factors of the rise in inflation even in 

the presence of low oil prices. China stood out with a 
substantial negative absolute causal impact, emphasizing 
a significant decrease in inflation. The deflationary 
pressures experienced by China during the pandemic, 
affecting both domestic demand and global trade, played 
a pivotal role in this regard. South Africa displayed a 
moderate negative absolute causal impact on inflation. 
Japan’s negligible absolute effect suggests the limited 
impact on inflation, reflecting persistent challenges faced 
by the Japanese economy, including deflationary pressures 
and a cautious approach to monetary policy. 
These findings illuminate notable asymmetries in inflation 
outcomes. The COVID-19 pandemic likely played a 
significant role in shaping relationships between WOP and 
inflation. The initial oil price decline in early 2020 might 
have dampened inflationary pressures in some countries 
(e.g., France, Germany), while the subsequent price 
rise throughout the period could have exacerbated 
inflation in others (e.g., Australia, Turkiye). Country-
specific factors may also contribute to these asymmetries. 
For example, reliance on oil imports, monetary and fiscal 
policies, and the structure of the economy. 
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Table 4: Posterior Estimates - Causal Impact of Oil Prices on Inflation During Jan. 2020 – Dec. 2023. 

Country Actual Prediction 95% CI Absolute effect 95% CI Relative effect p 

Australia 4.00 2.20 [0.36, 4] 1.80 [-0.004, 3.7] 82% 0.028 
Brazil 0.51 0.65 [0.43, 0.86] -0.14 [-0.35, 0.08] -22% 0.120 
Canada 0.31 0.26 [0.13, 0.4] 0.05 [-0.091, 0.18] 19% 0.259 
China 0.04 0.23 [0.042, 0.44] -0.19 [-0.4, -0.003] -83% 0.023 
France 0.27 0.08 [-0.033, 0.19] 0.19 [0.074, 0.3] 255% 0.001 
Germany 0.35 0.11 [-0.021, 0.24] 0.24 [0.11, 0.37] 218% 0.002 
India 0.50 0.42 [0.14, 0.7] 0.08 [-0.2, 0.36] 19% 0.289 
Indonesia 0.24 0.32 [0.022, 0.62] -0.08 [-0.38, 0.22] -25% 0.307 
Italy 0.32 0.10 [0.022, 0.17] 0.23 [0.15, 0.3] 237% 0.001 
Japan 0.13 0.15 [0.048, 0.26] -0.02 [-0.14, 0.08] -13% 0.329 
South Korea 0.25 0.16 [0.02, 0.3] 0.09 [-0.05, 0.23] 56% 0.103 
KSA 0.24 0.05 [-0.1, 0.21] 0.19 [0.03, 0.35] 362% 0.008 
Mexico 0.47 0.34 [0.21, 0.48] 0.13 [-0.018, 0.26] 38% 0.038 
Russia 0.84 0.16 [-0.11, 0.43] 0.68 [0.41, 0.95] 425% 0.001 
South Africa 0.42 0.59 [0.4, 0.78] -0.17 [-0.35, 0.021] -29% 0.041 
Turkiye 3.10 1.10 [-0.68, 3.7] 2.00 [-0.57, 3.8] 182% 0.063 
UK 0.40 0.18 [0.069, 0.28] 0.22 [0.12, 0.33] 122% 0.002 
USA 0.37 0.34 [0.14, 0.53] 0.03 [-0.16, 0.23] 9% 0.375 

 
Causal Impact during 2008-2014 Causal Impact during 2014-2020 Causal Impact during 2020-2023 
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Figure 2: Causal Impact of WOP on Inflation. 

Wavelet Coherence Analysis 

The figures from 3 to 5 depict the estimated wavelet 
coherence and the relative phasing of the two series 
spanning from January 2000 to December 2023. The visual 
representation describes the dynamics between oil price 
fluctuations and inflation across different time scales. A 
discernible black contour in wavelet coherence plots 
demarcates the 5% significance level. Warm colors like red 
highlight periods of robust co-movements and cooler 
shades like blue denote weaker associations. This visual 
distinction aids in swiftly identifying periods and 
frequencies where the nexus between oil prices and 
inflation is most prominent. 
Arrows serve as essential indicators, following the 
principles outlined by Aloui et al. (2018), Torrence & 
Compo (1998), Tiwari et al. (2019), and Jiang & Yoon 
(2020). Those pointing right (→) show a positive 
correlation between WOP and inflation, left-pointing 

arrows (←) indicate a negative correlation. The arrow 
types and angles (↗, ↙, ↘, ↖) reveal the temporal sequence 
of causality relationships (WOP leads or lags Inflation). 
Notably, upward (↑) and downward (↓) arrows indicate that 
whether WOP leads or lags. This detailed visualization 
through wavelet coherence and arrows facilitates the 
interpretation of the relationships. 
Figure 3 illustrates the dynamics of bivariate wavelet 
coherence between WOP and inflation across different 
countries. The majority of nations exhibit a robust and 
positive relationship which illustrates the influential role 
of oil prices in shaping inflationary dynamics. Russia, 
however, emerges as an exception to this trend and 
indicates a comparatively weaker correlation in this net 
oil-exporting country. In the cases of India and Indonesia, 
a discernible relationship between WOP and inflation is 
present. However, it appears less prominent than in other 
nations. This suggests varying degrees of strength across 
G20 economies. 
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Turkiye: Inflation vs. WOP UK: Inflation vs. WOP USA: Inflation vs. WOP 

Figure 3: Wavelet Transform Coherence. 

A closer examination of the short and medium-run reveals 
the enduring nature of the WOP-inflation relationship. 
Significantly, during the financial crises of 2007-08, a 
compelling link between WOP and inflation emerges across 
almost all countries, particularly on intermediate and long-
term scales. Brazil, however, deviates from this trend, 
displaying a weaker long-term connection during this 
tumultuous period. The directional information derived from 

the arrows in the analysis adds depth to our understanding. 
For the majority of countries, WOP emerges as a causal 
factor for inflation, highlighting the substantial impact of oil 
price fluctuations. Conversely, in Russia, the directional 
arrows suggest a weaker causal link from WOP to inflation, 
setting it apart from the observed patterns in other nations. 
Analyzing the events, such as the 2014 decline in oil prices 
and the subsequent decrease in WOP in 2020 highlights their 
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substantial impact on inflation dynamics across most 
countries. Intriguingly, in the case of KSA, the strength of 
this relationship appears less prominent compared to other 
G20 nations, signaling a unique economic response in this 
specific context as a net oil exporting country. These 
findings highlight the multifaceted nature of the correlation 
between WOP and inflation resulting from the distinctive 
economic and geopolitical contexts of each economy. 
The study also utilizes PWC which isolates the direct 

relationship between two variables (inflation and WOP) by 
removing the indirect influence of a third variable 
(exchange rate) which can potentially affect both 
(Torrence & Compo, 1998). This visualization technique 
Figure 4 allows to identify frequency-specific co-
movements between inflation and WOP and a better 
understanding of their dynamic interactions across 
different timescales (Torrence & Compo, 1998).  
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Figure 4: Partial Wavelet Coherence. 

In Figure 4, we observe distinct patterns indicating the 
correlation between WOP and inflation across various time 
frequencies in different countries. Small red and yellow 
clouds within the time-frequency range of less than 8 
months signify a strong short-term correlation between 
WOP and inflation, with this association particularly 
prominent in North American countries like Canada and the 
USA. Similarly, during the medium-run time-frequency (8 
to 32 months), a consistent correlation is noted, with 
heightened prominence in Canada, France, Germany, Italy, 
Japan, the UK, and the USA. In the long run, a high 
correlation is observed in most countries, except for India. 
Notably, during significant declines in WOP in 2008, 2014, 
and COVID-19, a consistent correlation is maintained from 
the short to the long run. The WOP correlation in 2008 is 
prominently observed across all countries, with a more 
pronounced effect during the decline in WOP associated 
with COVID-19 in all G20 countries, except for Russia, 
where the relationship is significant but comparatively less 
robust than in other G20 nations.  
Figure 5 The purpose of a MWTC heat map, particularly in 
analyzing the relationship between inflation (dependent), 
oil prices (independent), and an additional variable like 
exchange rates, is to offer a holistic perspective on the 

interconnections across various time-frequency scales. 
MWTC heat maps enable the simultaneous examination of 
the coherence between inflation and oil prices while 
considering the impact of exchange rates. This 
visualization aids in identifying common regions of 
coherence, elucidating how these economic variables 
interact at specific time and frequency domains. 
The MWTC results depicted in Figure 5 align almost with 
the patterns observed in the PWC analysis. However, the 
incorporation of the exchange rate as an additional 
variable intensifies the observed relationships between 
WOP and inflation. This enhancement suggests that the 
relationship between WOP and inflation is much stronger 
when considering the influence of exchange rates. This 
emphasizes the importance of including ER for a better 
understanding of the economic dynamics. Furthermore, 
the MWTC figures highlight that this strengthened 
relationship, particularly in the presence of exchange rate 
effects, is relatively more robust in advanced developed 
countries. Countries such as Canada, Japan, Germany, 
France, the UK, and the USA exhibit more prominent 
correlations between WOP and inflation. This observation 
aligns with existing literature (Wen, Zhang, & Gong, 2021). 
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Figure 5: Multivariate Wavelet Transform Coherence. 



In the Wake of Crisis: Investigating Causal Impact with Wavelet Analysis of Oil Prices on Inflation in G20 Countries 

92 

 

Conclusion 

This study investigated the causal impact of oil price 
dynamics on inflation for G20 economies during global oil 
disruptions spanning key episodes in 2008, 2014, and 2020 
(COVID-19).  
The findings from the period of December 2007 to June 2014 
highlight a spectrum of economic responses to the 
relationship between oil price dynamics and the global 
financial crisis. Notable asymmetries in absolute and relative 
effects highlight unique economic conditions and policy 
landscapes across G20 countries. Advanced economies like 
Australia and the UK displayed varying degrees of negative 
absolute effects, aligning with the deflationary impact of 
falling oil prices. Emerging economies exhibited significant 
negative impacts, emphasizing the challenges faced during 
the oil price downturn. The observed heterogeneity in the 
impact on inflation emphasizes the importance of 
considering individual economic structures and policy 
landscapes, contributing valuable insights for policymakers. 
In the period from June 2014 to January 2020, marked by a 
significant oil price decline, our Causal Impact analysis Table 
3 reveals diverse inflationary impacts. Australia, an 
advanced economy, experienced a substantial negative 
causal impact, aligning with the deflationary consequences 
of falling oil prices. Similarly, emerging economies like 
Brazil, Indonesia, and South Africa displayed significant 
negative impacts. Canada, India, and KSA showed modest 
negative impacts, while China, France, Germany, and the 
USA demonstrated negligible impacts, possibly due to their 
diverse economic structures. Italy and South Korea 
experienced substantial negative effects on inflation. Japan 
saw a minor increase, Mexico showed a negligible impact, 
and Russia and Turkiye faced remarkably high absolute 
causal impacts, emphasizing emerging economies’ 
vulnerability to external shocks. The UK demonstrated a 
negligible effect, highlighting the need to consider country-
specific factors. The subsequent period from January 2020 
to December 2023 is characterized by the dual impact of the 
COVID-19 pandemic and a substantial decline in oil prices. 
Positive absolute effects in several economies indicated a 
noteworthy rise in inflation. China stood out with a 
substantial negative absolute causal impact. These findings 
signify the existence of asymmetric responses to inflation 
during the downturn of WOP.  
The WTC, PWC and MWTC provided dynamic relationships 
between oil prices and inflation across different time scales. 
The visualizations highlighted varying degrees of strength in 
the WOP-inflation relationship, with notable exceptions 
such as Russia. The incorporation of exchange rates in MWTC 
analysis intensified the observed relationships, particularly 
in advanced developed countries.  
Considering the asymmetries revealed in our analysis, 
policymakers are suggested to tailor strategies to address 
the diverse responses of G20 economies to oil price 
dynamics. Advanced economies grappling with deflationary 
pressures post-oil price declines should implement targeted 
fiscal stimulus and accommodative monetary policies to 
counter adverse impacts effectively. Conversely, emerging 
economies facing significant negative impacts should 
prioritize structural reforms and economic diversification to 
bolster resilience. Recognizing the amplified relationship 
between oil prices and inflation in the presence of exchange 
rate effects, policymakers should integrate exchange rate 
considerations into decision-making processes for more 
comprehensive policy planning. Furthermore, fostering 
energy transition initiatives and investments in renewable 
energy can enhance economic resilience, particularly for 
economies heavily reliant on oil. In essence, the formulation 

of a proactive and adaptive policy framework should be 
taken keeping in view the unique economic conditions of 
each country. 
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