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We examine the interdependency between global oil shocks and Nigerian exchange rates
using the wavelet coherence technique. Our analysis reveals evidence of
time-and-frequency domain interdependence among oil supply, economic activity, and
oil consumption demand shocks with Nigerian exchange rates, particularly during
turbulent economic events such as the global financial crisis, the 2014/2015 oil crisis, and
the recent COVID-19 pandemic. These findings underscore the significance of key events
in modeling the dynamic relationship between global oil shocks and exchange rates in

oil-dependent economies.

I. Introduction

Crude oil is one of the globally traded commodities that
constitutes a significant proportion of the global trade
flows of oil-exporting countries. One of these countries,
Nigeria, relies heavily on crude oil, which accounts for
about 90 percent of its total exports (Oduyemi & Owoeye,
2020). Due to this, shocks in oil demand and supply affect
the country’s macroeconomic indicators, including its ex-
change rates. Theoretically, an increase in crude oil de-
mand causes the exchange rates of an oil-exporting country
like Nigeria to appreciate, while its oil-importing counter-
parts experience currency depreciation. On the other hand,
Fasanya et al. (2022) assert that currency fluctuations also
trigger exchange rate influences on oil prices, causing
shocks to oil demand and supply. This two-sided assertion
has been corroborated by existing findings on the bidirec-
tional relationship between oil shocks and exchange rates
(see Umar & Bossman, 2023; Wang & Xu, 2022).

The relationship between global oil shocks and Nigerian
exchange rates reveals significant vulnerabilities within the
country’s macroeconomic framework. As a leading oil ex-
porter, Nigeria would typically be expected to experience
currency appreciation with rising crude oil prices. However,
the opposite has occurred, with the Nigerian naira con-
sistently depreciating. This ongoing depreciation is rooted
in several structural challenges, including the mismanage-
ment of oil wealth, the lack of functional refineries, and
widespread economic misallocation. These issues have left
the Nigerian economy highly susceptible to both internal

and external crises, further weakening its currency. More-
over, inconsistent exchange rate policies, such as the per-
sistent devaluation of naira since the Structural Adjustment
Programme (SAP) in 1986 has exacerbated the issue,
steadily eroding the currency’s value.

Despite evidence of bidirectional causality between oil
shocks and exchange rates, empirical studies focusing on
the Nigerian economy have partly examined the one-way
directional effect of oil price shocks on exchange rate per-
formance (see Ayinde et al., 2023; Fasanya et al., 2022). Al-
though Maku et al. (2021) explore the bidirectional causal-
ity in Nigeria, this finding is limited to the oil
price-exchange rate nexus. Considering this limitation, we
conjecture the possible bidirectional interdependence be-
tween oil shocks and the Nigerian exchange rate using the
four oil shock datasets by Baumeister & Hamilton (2019).
Furthermore, we employ the wavelet coherence technique
to investigate the time-and-frequency domain relationship
between global oil shocks and Nigerian exchange rates to
study how interdependence evolves over different global
economic events.

The remainder of the is organized as follows. Section II
discusses the methodology; Section III presents a discus-
sion of empirical findings, and Section IV concludes the pa-
per.
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Table 1. Summary statistics

N Mean Std. Dev. Min Max Skewness Kurtosis
ERR 503 1.338 9.077 -15.432 136.85 12.156 170.543
OISsS 503 -0.064 1.381 -10.704 3.815 -1.385 12.816
ECAS 503 -0.022 0.706 -6.931 3.502 -2.179 26.42
OICDS 503 -0.130 3.776 -20.824 10.626 -0.336 4.504
OlIDS 503 -0.019 1.107 -3.041 4.257 0.231 3.205

Source: Authors’ compilation.
Note: This table reports summary statistics of variables used in this study.

II. Methodology
A. Data and sources

We employed monthly time series data from February
1981 to December 2022. The Nigerian exchange rate per
unit of the US dollar is gathered from the Central Bank of
Nigeria (CBN), while the four oil shock datasets - covering
oil supply shocks (OISS), economic activity shocks (ECAS),
oil consumption demand shocks (OICDS), and oil inven-
tory demand shocks (OIIDS) - are developed by Baumeis-
ter & Hamilton (2019) and sourced from the open-access
website of Professor Christiane Baumeister
(https://sites.google.com/site/cjsbaumeister/datasets?auth
user=0). For the empirical analysis, we compute the Niger-
ian exchange rate returns as the percentage of log dif-

ference of official exchange rates:
ERR = [in (£52)] x 100, where EXR, and EXR, .

are current and previous month’s values of official ex-
change rates, respectively. We used the oil shock series
based on the structural shocks computed and obtained di-
rectly from the aforementioned source.

Table 1 reports the summary statistics. The mean of ex-
change rate return is 1.338, suggesting that the holding
naira yields appropriately 1 naira between February 1981
and December 2022. In contrast, the means of the oil shock
dataset are negative, implying that the global economy ex-
perienced, on average, negative oil shocks during the pe-
riod under consideration. The standard deviations of all the
series are relatively low, except for exchange rate returns.
The skewness and kurtosis statistics conform only to the
standard thresholds of approximately 0 and 3, respectively,
for oil inventory demand shocks, while the other dataset
suggests evidence of non-normal distribution.

B. Estimation technique

This study applies the wavelet coherence technique to
examine the interdependency between global oil shocks
and Nigerian exchange rates. Aside from explaining the
bidirectional interdependence between the two variables,
wavelet coherence is suitable for investigating the evolu-
tion of the relationship between the variables over time and
frequency spectra (Badmus et al., 2023). We begin the spec-
ification, following Torrence & Compo (1998), by specifying
the cross-wavelet transform and cross-wavelet power mod-

els to explain the sequence of variation between each oil
shock (p;) and the Nigeria exchange rates (g;) as follows:
Mpq(ba d) = Mp(b7 d)Mq#(b7 d) (1)
From Equation (1), the two continuous wavelet transforms
of p; and ¢; are denoted by M,(b,d) and M,(b,d), respec-
tively; and b and d denote the measure and # is the com-
bined conjugate. Furthermore, M, (b,d) denotes the cross-
wavelet transforms that generate the cross-wavelet power.
This transformation allows the estimation to be decom-
posed into time and frequency domains, with the time
phase illustrating the progression of the time series se-
quence at each measurement point. Additionally, the rela-
tionship between the variables is examined using wavelet
coherence within both the time and frequency dimensions
by calculating the adjusted wavelet coherence coefficient,
as proposed by Torrence & Webster (1999) and modified by
Afshan et al. (2018), as follows:
|N (N 1Mp(b,d)) |

i) = N (N 0, d) ) N (8210, 0, D)

(2)

where (b, d) represents the smoothing operator (S), and
H?(b,d) ranges between 0 and 1. When H2(b, d) is less than
0.5, it signifies a weak correlation, illustrated by blue col-
ors. Conversely, when H2(b, d) is 0.5 or greater, it indicates
a strong correlation, depicted by yellow or red colors.

III. Empirical Results

The discussion of the empirical results begins with the
wavelet correlation plots of oil shocks and Nigerian ex-
change rates over different wavelet scales, as reported in
Figure 1. The correlation between Nigerian exchange rate
returns and oil shock measures is not consistent across dif-
ferent periods. While there is a negative correlation be-
tween oil supply shocks and exchange rate returns as well
as between oil consumption demand shocks and exchange
rate returns in the short run, the opposite is true for eco-
nomic activity shocks and oil inventory demand shocks
with exchange rate returns. However, there is evidence of a
negative correlation between exchange rate returns and all
the measures of oil shocks in the very long-run period, ex-
cept for ERR-OICDS, which has a positive correlation in the
long-run and very long-run. This implies a heterogeneous
correlation between exchange rate returns and oil shock
indicators across different wavelet scales, with prominent
negative relationships in the long-run horizon except for
OICDS.
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Figure 1. Wavelet correlation plots of global oil shocks and Nigerian exchange rate returns

Source: Authors’ compilation

The main findings of the study are reported in Figure 2.
The wavelet coherence panel for ERR and OISS reveals a no-
table interdependent relationship over the period of Feb-
ruary 1981 and May 1989 (post-Structural Adjustment Pro-
gram [SAP] era). We find evidence that OISS is leading while
ERR is lagging in the medium-run period, as the arrows
point left-down, depicting an anti-cyclical effect. Between
the periods of June 1989 and May 2014, there is evidence
of bidirectional effects, signaling the interdependent rela-
tionship between oil supply shocks and Nigerian exchange
rates in the medium-run horizon. Furthermore, it is also
evident in the medium-run horizon of June 2014 and De-
cember 2022 that while oil supply shocks influenced the
Nigerian exchange rates in the early wave of the period, co-
inciding with the 2014/2015 oil crisis, the leading effect of
exchange rates was prominent during the COVID-19 pan-
demic era. The findings align with the results of Baek (2023)
on the heterogeneous effects of oil supply shocks on ex-
change rates across different countries, indicating country-
specific resilience or vulnerability.

In the panel of wavelet coherence for ERR-ECAS, there
is a unidirectional effect from economic activity shocks
around the period of May 1989 in the medium-run horizon.
Simultaneously, there is resounding evidence of a unidi-
rectional effect from the Nigerian exchange rates recorded
around February 2006 to May 2014 in the medium-run hori-
zon, corresponding to the global financial crisis period.
This reflects evidence of bidirectional effects between
Nigerian exchange rates and economic activity shocks
within the same frequency horizon. Furthermore, the
wavelet coherence plot for ERR-OICDS reveals significant
evidence of interdependency mostly in the medium-run
horizon, with oil consumption demand shocks signaling a

leading effect around the global oil consumption demand
shortage of 1985-1986, while a profound leading effect is
recorded for the Nigerian exchange rates during the global
financial crisis era. This echoes the previous findings from
the work of Wang & Xu (2022) and Umar & Rossman (2023)
that emphasize the bidirectional causality between oil price
shocks and exchange rates. Finally, the fourth panel for the
wavelet coherence of ERR-OIIDS reveals no evidence of in-
terdependency between oil inventory demand shocks and
the Nigerian exchange rates. This implies an absence of
significant causality between both variables over the time-
and-frequency domain.

IV. Conclusion

This study explores the interdependency between global
oil shocks and Nigerian exchange rates using the wavelet
coherence technique. The findings provide multifaceted in-
sights that contribute to a nuanced understanding of the
role of global oil shocks in predicting movements in the
Nigerian exchange rates. We document evidence of signif-
icant interdependency among oil supply shocks, economic
activity shocks, and oil consumption demand shocks with
the Nigerian exchange rates, primarily during the global fi-
nancial crisis, the 2014/2015 oil crisis, and the COVID-19
pandemic era, highlighting the country’s vulnerability to
global oil market dynamics during pivotal events. However,
we find an absence of substantial interdependence between
oil inventory demand shocks and the Nigerian exchange
rates. Our findings emphasize the significant interdepen-
dence between oil shocks and exchange rates, particularly
during crucial events, suggesting the importance of eco-
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Figure 2. Wavelet coherence plots of global oil shocks and exchange rate returns

Source: Author’s compilation
Notes: The area of statistical significance at the 5% level is covered by the cone of influence (COI), shown as an inverted bell curve. The in-phase and anti-phase movements are indi-

cated by arrows pointing to the right and left, respectively. The direction of the arrows also illustrates the lead versus lag interdependence between the time series: arrows pointing
left-up or right-down indicate that the first time series is leading, while arrows pointing right-up or left-down suggest that the second time series is leading. Conversely, arrows
pointing directly down, up, left, or right signify no effect. The horizontal axis represents the time dimension, with the following ranges: 0-100 corresponding to 1981M2 to 1989MS5,
101-200 corresponding to 1989M6 to 1997M9, 201-300 corresponding to 1997M10 to 2006M1, 301-400 corresponding to 2006M2 to 2014M5, and 401-500 corresponding to 2014M6 to
2022M12. The frequency period is shown on the vertical axis, with the following scales: 0 < short run < 8, 8 < medium run < 32, 32 < long run < 64, and 64 < very long run < 128.
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