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This study investigates the interdependence between oil shocks and green investments 
over time and frequency domains. Using the wavelet coherence approach, our results 
show evidence of bidirectional causality between all the variants of oil shocks and green 
investments around the global financial crisis and the 2014-2016 oil crisis. Economic 
activity shocks significantly Granger-cause green investments during the COVID-19 
pandemic. 

I. Introduction   

Motivated by existing studies that only document the 
effect of oil shocks on green investments, this study ex
amines the interdependence between oil shocks and green 
investments within the time and frequency domains frame
work. This becomes relevant in the current time due to the 
global clamor for green and clean energy activities as an 
alternative to conventional energy sources, such as fossil 
fuel resources, which are highly detrimental not only to the 
environment but also to the population’s health and the 
global economy (Yaya et al., 2022). Since 2007, investments 
in renewable energy sources across advanced and emerg
ing economies have been estimated at over US$1.25billion, 
paving the way for portfolio decisions in eco-friendly as
sets (Park et al., 2020). However, the performance of these 
investments is persistently challenged by different oil mar
ket shocks due to their competing nature (Park et al., 2020). 
Meanwhile, the continuous investments in green resources 
imply a transition to a green economy and lesser demand 
for crude oil; therefore, distorting the efficiency of the 
global oil market (Lee et al., 2021). 

The growing concern over climate change among envi
ronmental experts, researchers, and policymakers has at
tracted several studies on the link between oil shocks and 
green investment; the findings so far are mixed. On one 
hand, a group of studies including Dutta et al. (2020), Lee et 
al. (2022), and Yaya et al. (2022) conclude that the changes 
in green investments are significantly driven by different 
oil shocks. Contrarily, a study by Lee et al. (2021) support 
evidence of a bidirectional causality between oil prices and 
green investments in the United States of America. How
ever, from the documented evidence, the interdependence 
between diverse oil shocks and green investments over time 

and frequency domains remains understudied. Meanwhile, 
activities in global oil market have a potential implication 
for the green market decisions and vice versa, since their 
resources are interchangeably used to generate energy. 
However, the growing desire to promote eco-friendly en
ergy generation poses a huge threat to the performance 
of the global oil market. Interestingly, diverse oil shocks 
may challenge green investment decisions differently be
cause oil demand and supply are driven by market forces 
and lower demand for oil resources can be motivated by an 
increase in the utilization of green technologies. 

Following the limitations of previous studies, this study 
contributes to the literature in two ways. First, we deploy 
a dataset on four oil shocks developed by Baumeister and 
Hamilton (2019) to evaluate the interdependence between 
oil shocks and green investments from a global perspective. 
This dataset adds supply, aggregate demand, economic ac
tivity, and precautionary demand shocks to the previously 
developed oil shocks by Kilian (2009) and Kilian and Park 
(2009), recognizing their potential as oil market risk influ
encers (Salisu & Gupta, 2021). Second, this study applies 
wavelet coherence to analyze the interdependence between 
oil shocks and green investments. This technique is con
sidered imperative to simultaneously understand the dy
namics of these series over time (short-, medium-, and 
long-term) and in frequency domain bands (June 1994 to 
February 2022), following the persistent fluctuations expe
rienced in both markets over the last few decades. In addi
tion, this method enables us to identify the in-phase and 
out-phase causality between these variables on time-fre
quency scales over different tranquil and turbulent periods 
(i.e., periods before, during, and after the global financial 
crisis, the 2014–2016 oil crisis, and the COVID–19 pan
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demic) for policies and investment decisions in the clean 
and unclean energy markets. 

Following this introductory section, Section II discusses 
the methodology, Section III presents the empirical results, 
while Section IV concludes the paper. 

II. Methodology   

The empirical framework follows the construct of Lee 
et al. (2021), established based on the Granger causality 
model. Using wavelet coherence analysis, the relationship 
between oil shocks and green investments is structured in 
a bivariate system within time and frequency domains. Ac
cording to Torrence and Compo (1998), the estimation be
gins with the construction of the cross wavelet transform 
and cross-wavelet power frameworks such that the se
quence of the two series  and  is expressed as follows: 

From Equation (1),  and  respectively stand 
for the two continuous wavelet transforms of  and , 
whereas  and  denote the measure and  is the combined 
conjugate. From Equation (1), , being the cross-
wavelet transform, is used to generate the cross-wavelet 
power, which finally resolves the estimation into time and 
frequency domains such that the time phase depicts the 
movement in the sequence of the time series at every mea
sure stage. Furthermore, the interdependence between the 
variables is observed using the wavelet coherence within 
the time and frequency dimensions by generating the ad
justed wavelet coherence coefficient as follows: 

where  represents the smoothing operator and 
lies between 0 and 1.  implies weak correla
tion, while  indicates strong correlation. 

III. Results   

In this study, we employ a monthly data from June 1994 
to February 2022. For the oil shocks series, we deploy the 
dataset developed by Baumeister and Hamilton (2019), 
which covers Oil Supply Shocks (OSS), Oil Inventory De
mand Shocks (OIDS), Oil Consumption Demand Shocks 
(OCDS), and Economic Activity Shocks (EAS),1 and publicly 
available on the website of the first author via 
https://sites.google.com/site/cjsbaumeister/research. In 
the case of green investments, we adopt the Morgan Stan
ley Capital International (MSCI) Global Environmental In
dex (GEI), which comprises of investments that ensure ex
posure to clean technologies. According to Dutta et al. 
(2020), MCSI-GEI is a parent indicator, which consists of 
companies that invest in environmentally friendly activi
ties. Therefore, using the historical data of MSCI-GEI re

trieved from https://www.MSCI.com, we compute the re
turn series as .

2
 These series are then 

analyzed using wavelet analysis, which allows for the exam
ination of causal relationships and the interdependence be
tween green investments and oil shocks over time and fre
quency domain space using the cone of influence (COI) test. 

Table 1 presents the preliminary analyses. Panel A shows 
that only GEI and OCDS have a positive mean. The maxi
mum and minimum values show the variability of the se
ries with the standard deviation indicating dispersion from 
their means. Meanwhile, all the variables except OIDS are 
negatively skewed and leptokurtic complementing the 
Jacque-Bera statistics that confirm non-normality in the se
ries. Interestingly, one of the superiorities of the wavelet 
technique over the conventional methodologies is its abil
ity to handle series that are not normally distributed (Sharif 
et al., 2017). Furthermore, the DF-GLS and Ng-Perron unit 
root tests in Panel B show that the variables are stationary 
at level; hence, the series are stable to assume cointegra
tion in the wavelet coherence analysis. 

Figure 1 displays the wavelet coherence analysis for the 
interdependence between diverse oil shocks (OSS, OIDS, 
OCDS, and EAS) and green investments (GEI). The vertical 
axis corresponds to the time domain covering short run 
(0-8), medium run (8-32), and long run (32-128), while 
the horizontal axis explains the frequency dimension of 
the series spanning from June 1994 to February 2022 (333 
months). The result for GEI-OSS supports causality from oil 
supply shocks to green investments from September 2002 
to January 2011, whereas green investments Granger causes 
oil supply shocks around March 2015 to February 2022 in 
the short run and medium run. This confirms evidence of 
bidirectional causality between the series; although, oil 
supply shocks significantly trigger investments in green en
ergy during the global financial crisis, whereas green in
vestments influence oil supply shocks mostly around the 
2014-2016 oil crisis corresponding to the period of excess 
supply and low demand for crude oil. In the case of GEI-
OICS, the in-phase and out-phase relationship only exists 
in the short run, where green investments lead around Sep
tember 2002 and oil inventory demand shocks exhibit 
Granger movement around January 2011. Hence, the exis
tence of a bidirectional relationship between the series. The 
results for both GEI-OSS and GEI-OICS are consistent with 
those of Lee et al. (2021) that show the presence of bidirec
tional causality between oil prices and green bonds. 

Meanwhile, the panel for GEI-OCDS reveals that oil con
sumption demand shocks and green investments affect 
each other from November 2006 to May 2019, correspond
ing to periods before, during, and after the global financial 
crisis and the 2014-2016 oil crisis. These results indicate 
that shocks to oil inventory and consumption demand en
able divestment in crude oil assets and the transition to 

Notable studies that utilized this dataset include Salisu and Gupta (2021) and Yaya et al. (2022). 

The series  and  represent stock prices at current and previous time ( ) period, respectively. 
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Table 1. Preliminary Analyses   

GEI OSS OIDS OCDS EAS 

Panel A: Descriptive statistics 

Mean 0.6000 -0.1454 -0.0945 0.0911 -0.0167 

Maximum 11.9208 3.4593 3.4785 8.8561 3.8545 

Minimum -22.6012 -10.6261 -3.0432 -21.4197 -6.9555 

Std. Dev. 4.4890 1.2043 1.0335 4.0017 0.7775 

Skewness -0.9916 -1.7864 0.2522 -0.5977 -2.2568 

Kurtosis 5.7781 19.7601 3.2720 5.0594 26.9172 

Jarque-Bera 161.6643 4074.6100 4.5557 78.6741 8219.6090 

Probability 0.0000 0.0000 0.1025 0.0000 0.0000 

Observations 333 333 333 333 333 

Panel B: Unit root tests 

DF-GLS -16.2613a -16.4942a -19.4953a -16.5643a -17.8159a 

Ng-Perron -9.0494a -9.0625a -9.0847a -9.0611a -9.1079a 

Notes: This table shows the descriptive statistics. a denotes level stationarity at 1% significance. 

Figure 1. The interdependence between diverse oil shocks (OSS, OIDS, OCDS, and EAS) and green investments               
(GEI)  
Notes: The dark contour within the U-shaped cone of influence (COI) indicates significance at 5%. Arrows pointing to the right (left) indicate in-phase (out-phase). 

 shows that the first (second) variable is leading. 
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green technologies and assets investment to ensure a sus
tainable environment. Simultaneously, green investments 
impose shocks on oil inventory and consumption demand, 
thereby creating instability in the global oil market. Turn
ing to the GEI-EAS panel, there is evidence of unidirec
tional causality from economic activity shocks to green in
vestments from September 2002 to February 2022 in the 
long run. A closer look at the panel shows that the causa
tion corresponds to the COVID-19 period, known as the pe
riod of slowdown in economic activities, which led to the 
disruption of the global energy market and stimulated in
vestments in green assets and technologies. This conforms 
to the findings of Lee et al. (2022) and Yaya et al. (2022) that 
support evidence of a significant influence of oil shocks on 
green investments. 

IV. Conclusion   

In this study, we examine the interdependence between 
oil shocks and green investments over different time and 
frequency domains from June 1994 to February 2022, using 
the wavelet coherence analysis. It uses data on the four re
cently developed oil shocks by Baumeister and Hamilton 
(2019) and the MSCI-GEI as the proxy for green invest
ments. 

In general, our results show that oil shocks related to 
precautionary demand, consumption demand, and supply 
have bidirectional interdependence with green investments 
mostly during the global financial crisis of 2008/2009 and 
the oil crisis of 2014/2016. Meanwhile, the economic activ
ity shocks seem to have unidirectional causality with green 
investments predominately during the COVID-19 pan
demic. Hence, our evidence supports the presence of in
terdependence and co-movement among diverse oil shocks 
and green investments. Interestingly, it also offers answers 
to the recent discourse on the possible link between the 

global crude oil and green energy markets and why persis
tent oil shocks may be influenced by increased demand for 
clean energy resources to promote a sustainable eco-sys
tem. 

Our findings imply that, while ensuring environmental 
sustainability through increased investments in green tech
nologies and assets, the global oil market is adversely af
fected. This indicates that the process of transitioning to a 
green economy leads to a phase-out in crude oil resource 
usage to clean energy utilization. Hence, huge financial as
set divestment is expected in the global crude oil market 
as investors continuously invest in the green energy market 
for profitable returns in the process of ensuring the contin
uous development of clean resources. However, efficiency 
in the green market is paramount to circumvent future ad
verse shocks during economic, financial, and geopolitical 
crises. 

In addition, shocks to oil supply, precautionary demand, 
consumption demand, and economic activity during the 
global oil crisis of 2014–2016 as a result of excess supply 
and low demand for crude oil influenced the level of green 
investment, suggesting that periods of economic downturn 
in the global energy market instigate investment in green 
energy and technologies. Hence, financial market investors 
need to be conscious of shocks to crude oil demand and 
supply during turbulent periods in order to avoid divest
ment of crude oil assets for investment in green energy be
cause, while the world needs to transition to green energy, 
the role of crude oil resources cannot be downsized during 
the transition period. 
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