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Abstract: This research is the earliest attempt to understand the impact of inflation and the interest
rate on output growth in the context of Pakistan using the wavelet transformation approach. For this
study, we used monthly data on inflation, the interest rate, and industrial production from January
1991 to May 2020. The COVID-19 pandemic has affected economies around the world, especially
in view of the measures taken by governmental authorities regarding enforced lockdowns and
social distancing. Traditional studies empirically explored the relationship between these important
macroeconomic variables only for the short run and long run. Firstly, we employed the autoregressive
distributed lag (ARDL) cointegration test and two causality tests (Granger causality and Toda–
Yamamoto) to check the cointegration properties and causal relationship among these variables,
respectively. After confirming the long-run causality from the ARDL bound test, we decomposed
the time series of growth, inflation, and the interest rate into different time scales using wavelet
analysis which allows us to study the relationship among variables for the very short run, medium
run, long run, and very long run. The continuous wavelet transform (CWT), the cross-wavelet
transform (XWT), cross-wavelet coherence (WTC), and multi-scale Granger causality tests were used
to investigate the co-movement and nature of the causality between inflation and growth and the
interest rate and growth. The results of the wavelet and multi-scale Granger causality tests show that
the causal relationship between these variables is not the same across all time horizons; rather, it is
unidirectional in the short-run and medium-run but bi-directional in the long-run. Therefore, this
study suggests that the central bank should try to maintain inflation and the interest rate at a low
level in the short run and medium run instead of putting too much pressure on these variables in the
long-run.

Keywords: COVID-19 pandemic; continuous wavelet transform; cross-wavelet transform; eco-
nomic growth; cross-wavelet coherence; growth–inflation dynamics; maximum overlap discrete
wavelet transform

1. Introduction

The relationship between inflation, the interest rate, and output growth has been
one of the most crucial and debated macroeconomic topics between policymakers and
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economists. Economic growth reflects the capacity of a country to increase the level of
output. The inflation rate and interest rate are the two most important macroeconomic
variables as the behavior of these two variables has a huge impact on economic growth
(Mensah and Okyere 2015). Gülşen and Özmen (2020) argued that domestic interest rates
respond to inflation and output gaps especially under inflation targeting (IT) in the short
run. Aßhoff et al. (2020) investigated the effects of unconventional monetary policy (UMP)
on inflation expectations in the Euro area and concluded that the positive effect of UMP
on inflation expectations tends to evaporate in the medium term while revealing a rise in
medium-term real GDP growth generated by UMP measures. However, some researchers
highlighted that higher inflation expectations have more positive effects on economic
activity during periods of fixed nominal interest rates (Coibion et al. 2018).

Is high inflation adverse for economic growth? Do some rates of inflation stimulate
economic growth? A large debate exists in the literature on the growth–inflation relation-
ship. Monetarists and structuralists have different views regarding the growth–inflation
relationship. Structuralists believe that inflation is a prerequisite to enhance output growth,
whereas the monetarist view is that the growth–inflation relationship is always negative
(Mallik and Chowdhury 2001; Datta and Mukhopadhyay 2011).

Some studies such as those of Sumon and Miyan (2017) and Dornbusch et al. (1998)
supported the view of structuralists and found a positive growth–inflation relationship,
whereas the findings of many studies in the literature (Andrés and Hernando 1997;
Smyth 1994; Kasidi and Mwakanemela 2013; De Gregorio 1991) are consistent with the
monetarists’ point of view. The studies by Hossain et al. (2012), Chimobi (2010), and
Chowdhury (2002) failed to find any relationship among these variables. According to
Saaed (2007) and Madurapperuma (2016), the stability of price levels plays a key role in
stimulating economic growth; thus, the two main targets that monetarists try to achieve
are a moderate rate of inflation and sustainable economic growth (Ayyoub et al. 2011). On
the other hand, the impact of the interest rate on economic growth is also of great interest
in the literature. Briotti (2005) stated that an increase in the rate of interest may cause
aggregate demand to reduce. The study by Di Giovanni et al. (2009) also found a negative
relationship between real growth and the interest rate.

According to the World Bank, economies are classified in the following four main
categories, namely: low, lower-middle, upper-middle, and high income, using gross
national income (GNI) per capita data in U.S. dollars (the conversion is established from
the local currency using the World Bank Atlas method). According to the World Bank, in
the case of the current 2021 fiscal year, low-income economies are defined as those with a
GNI per capita, calculated using the World Bank Atlas method, of USD 1035 or less in 2019;
lower-middle-income economies are those with a GNI per capita between USD 1036 and
USD 4045; upper-middle-income economies are those with a GNI per capita between USD
4046 and USD 12,535; and high-income economies are those with a GNI per capita of USD
12,536 or more (World Bank 2021). For instance, Pakistan is included in the category of
lower-middle-income economies, i.e., with a GNI per capita from USD 1036 to USD 4045.
In the case of a developing country such as Pakistan, price stability is a key determinant
of economic growth, and any fluctuations in inflation have massive repercussions for the
growth rate. Pakistan faces severe fluctuations in its inflation rate, for example, since 2017,
the inflation rate has more than doubled in the span of two years. On the other hand, the
interest rate also influences economic growth as changes in the interest rate affect the level
of investment by changing the cost of borrowing (and, resultantly, the growth rate). The
purpose of this study is to find the nature of the relationship among economic growth,
inflation, and the interest rate using a new approach: a wavelet transformation approach.

The main objective of our study is to investigate the relationship among these impor-
tant macroeconomic variables at different time and frequency scales using the wavelet
transformation approach. Percival and Walden (2000) used wavelet methods for time series
analysis which is very important for various fields such as science, engineering, finance,
and economics. The wavelet transformation approach enables us to study this dynamic
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relationship across different frequencies and time horizons, and we can investigate the
causal relationship between growth and inflation and growth and the interest rate in the
short run, medium run, long run, and very long run (Vacha and Barunik 2012; Aloui and
Hkiri 2014). Thus, in this paper, we are going to answer the following questions. Does
inflation adversely affect economic growth in the case of Pakistan? Does the interest rate
stimulate economic growth in Pakistan? Is the relationship between economic growth and
inflation a long-run phenomenon? Does the interest rate affect economic growth only in
the short run? Based on the comprehensive study of the debate between structuralists and
monetarists, and following the trend of inflation and growth in Pakistan, we expect that the
growth–inflation relationship is negative in the case of Pakistan, supporting the monetarists’
view. Naeem et al. (2021) argued that Pakistan is a developing economy where there are no
strict environmental policies implemented for the benefit of enhancing economic growth.
We are also hopeful to find a long-run relationship between these variables. We believe
that the interest rate adversely affects economic growth as evidenced by past research. This
relationship may be a short-run or long run phenomenon.

We used monthly data from January 1991 to May 2020 to find the relationship between
inflation, the interest rate, and economic growth in the context of Pakistan. After checking
the cointegration and causality among these three variables, we decomposed all series by
the wavelet transformation approach. We examined the co-movement between growth and
inflation and growth and the interest rate by using the cross-wavelet power spectrum and
cross-wavelet coherence. We then performed Granger causality tests on the decomposed
series and examined the variation in causality due to differences in the time and frequency
domains. The results show that the relationships between growth and inflation and growth
and the interest rate are not similar across all time scales.

Theoretical Background

There has been a considerable debate on the existence and nature of the inflation
and growth relationship in the literature. With the advancement of the macroeconomic
literature, the view of economists on this relation is also changing. The classical economists
believed that inflation hampers growth by increasing firms’ cost of production. However,
Keynes disagreed with this view and stated that the inflation–growth relation is positive
in the short run. On the other hand, monetarists believe that this relation is always
negative. On the contrary, structuralists maintain that inflation is essential to enhance
output growth. Thus, it is evident that economic theories reach a variety of conclusions
about the responsiveness of output growth to inflation. Therefore, it is essential to check
this relation empirically using different time horizons.

The theoretical debate on the interest rate–growth relation is also extensive. There are
a number of theories that discuss the negative relationship between the interest rate and
economic growth through investment channels. According to Tobin’s monetary growth
model, a higher yield on money leads to reducing the demand for capital in the medium
run. The neoclassical theory of investment explains this negative relationship as the higher
rate of interest causes an increase in firms’ cost of capital. The high cost of production
turns to reduce output. The real business cycle theory reveals that technology shocks cause
increases in the interest rate. A higher rate of interest negatively affects the output as a
reduction in the labor supply.

We organized this study into six sections. In addition to the first introductory section,
Section 2 is about the review of the literature. Section 3 discusses some basic concepts
related to the wavelet transformation approach. Section 4 presents the sources of data and
empirical results of traditional econometric methods. Section 5 discusses the results of
wavelet analysis. In Section 6, we conclude the research.

2. Literature Review

Many studies in the literature such as (Paul et al. 1997; Hwang and Wu 2011; Hussain
and Malik 2011; Bittencourt et al. 2015; Dinh 2020) empirically explored the controversial
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nature of the growth–inflation relation and direction of causality between these variables.
However, all of them analyzed the growth–inflation relation using time domain analysis.
Barro (1995) analyzed the growth–inflation relationship using data for more than 100
countries over the period 1960–1990 and found a negative relationship, whereas Anidiobu
et al. (2018) found that the relationship between growth and inflation is positive but
non-significant in the case of Nigeria using data from 1986 to 2015. Shahid (2014) studied
the long-run relation between inflation, unemployment, and economic growth in the case
of Pakistan. The results of the ARDL estimation depicted a negative and insignificant
relationship between inflation and growth.

Garside (2007) highlighted the fact that there was a time when explanations of eco-
nomic growth and progress could focus only on inputs into the production process. More-
over, Clague (1997) stated more than two decades ago that the existing literature provides
extensive evidence of countries benefiting only from insignificant economic growth despite
having high rates of physical capital accumulation, with others gaining small or even no
growth, even when education has expanded rapidly. Bhattacharya (1995) examined the
changes in the world economy brought about by less developed countries transforming
into newly industrializing countries, highlighting mechanisms for the relative rise and
decline of certain countries in the world economy. Moreover, Deardorff (2001) suggested
that economic growth in developing countries is likely to worsen the income distribution in
developed countries and lead to a protectionist response that undermines the incentives for
developing country growth. However, it is very important not to confuse and misunder-
stand the concepts of economic development and economic growth, as the two are different
processes in a lifecycle of a place, but often conflated. For instance, economic growth has a
strong theoretical grounding and is easily quantified as an increase in aggregate output
(Feldman et al. 2016). Economists and policymakers have long used the GDP, the GDP
per capita, and the growth of the GDP per capita as measures of economic development,
but the Human Development Index (HDI) is an alternative that should not be ignored
(Grubaugh 2015).

The complex linkage between inflation, the interest rate, and economic growth was
also examined by the monetarist school of thought which was founded by Milton Friedman
(1961). The monetarist theory considers that an increasing money supply represents the
main reason for generating inflation or deflation in an economy, and this issue affects
economic growth. Friedman de-emphasized the importance of interest rates and interest
rate uncertainty as variables affecting the demand for money while singling out inflation
expectations as an essential influence on variations in velocity (Bibow 2002). Taderera et al.
(2021) pointed out that while inflation targeting brings sanity within the financial sector,
this might retard growth as the desirable inflation level would be beyond the targeted
inflation level. Moreover, Kumar et al. (2020) suggested that a profitable banking sector
is essential for economic growth, and changes in interest rates have the potential to affect
bank profitability.

Taderera et al. (2021) conducted an empirical research study on the Southern African
Customs Union (SACU) and concluded that policymakers should allow a high sustainable
inflation rate for promoting economic growth, while the interest rate can be used as a mon-
etary policy tool in order to achieve the considered inflation rate that will affect economic
growth positively. Harswari et al. (2017) investigated the influence of the interest rate on
economic development in Asian countries during the period 2006–2015 and concluded
that the interest rate has a negative significant impact on the gross domestic product and
inflation while having a negative insignificant impact on foreign direct investments. Gülşen
and Özmen (2020) considered that emerging markets are much more sensitive to global
financial cycles under managed than floating exchange rate regimes.

Batool et al. (2020) suggested that the COVID-19 pandemic has disrupted the economies
all around the world, meaning that the economic fallout from preventive measures such
as lockdowns is enormous. Asghar et al. (2020) argued that this is the worst economic
downturn since the Great Depression of the 1930s. COVID-19 represents a new type of
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coronavirus that transfers extremely fast from human to human and started spreading in
late December 2019 in Wuhan, China. Moreover, in less than a month, the World Health
Organization (WHO) declared COVID-19 a “public health emergency of international
concern” (WHO 2020). On 11 March 2020, the WHO declared COVID-19 a global pandemic
due to its worldwide spread and its devastating global impact.

The International Monetary Fund (2021) suggested that despite the fact the damages
are expected to be lower in the context of the COVID-19 pandemic crisis compared to the
global financial crisis of 2008, the cross-country pattern of losses is very likely to not be
similar. In other words, low-income countries and emerging markets are more severely
affected compared to the collapse and economic recession caused by the global financial
crisis when advanced economies suffered significantly more losses. Vitenu-Sackey and
Barfi (2021) argued that the COVID-19 pandemic has devastated the global economy
while causing certain uncertainties regarding economic and social policies. Moreover,
Mou (2020) revealed that the COVID-19 pandemic will change the macroenvironment of
the world economy from the aspects of aggregate demand and total supply, labor income,
and financial market trade.

Maliszewska et al. (2020) suggested that a global crisis such as the COVID-19 pan-
demic requires a global response, and that there is a need for global collaboration not
just on health but also on trade, finance, and macroeconomic policies. According to the
International Monetary Fund (2021), future developments will be significantly influenced
by the pattern of the COVID-19 pandemic crisis and will depend on the following aspects
of the effectiveness of policy strategies in order to diminish the economic losses, the dy-
namics of financial conditions and commodity prices, but also the adjustment capacity
of the economy. Varona and Gonzales (2021) stated that for developing countries, the
impact of the COVID-19 pandemic is double, such as: an external shock and an internal
shock that affect aggregate supply and demand. Moreover, the external shock determines
a contraction in the prices of raw materials, the demand for exports, employment, income,
tourism, international remittances, and external financing.

A few studies investigated the relationship among inflation, the interest rate, and
output growth using traditional time domain analysis. Davcev et al. (2018) studied the re-
lationship among these variables for Bulgaria, Romania, and FYROM. They concluded that
inflation and the interest rate both have a significant impact on growth, although the nature
of the relationship varies across countries. The findings of Ramlan et al. (2017) showed
a positive relationship between the interest rate and growth and a negative relationship
between inflation and growth in the case of Malaysia. Mensah and Okyere (2015) also
empirically investigated the effect of inflation and the interest rate on economic growth in
the case of Ghana. Their estimation showed that inflation has a positive but insignificant
impact on economic growth, while the interest rate has a significant and negative impact
on growth.

According to Nguyen and He (2015), researchers can analyze the co-movement among
financial and economic variables at different levels as wavelets decompose the variables
into different levels of frequency. Wavelet analysis is a helpful tool for studying time
series (Torrence and Compo 1998), and it offers much more insight into empirical economic
research (Crowley 2011). This analysis allows researchers to investigate the relationship
among variables that previously were unobservable (Ramsey 2002). According to Tiwari
et al. (2013), time domain analysis was unable to find a causal relation between oil prices
and the exchange rate in the case of India; however, the use of wavelet transformation
helped them in uncovering this important causal relation. Jawaid et al. (2019) studied the
relationship between tourism activities and price levels using the applications of wavelet
analysis in the case of Pakistan. Similarly, Gençay et al. (2001), Rua and Nunes (2009),
Gallegati et al. (2011), Nikkinen et al. (2011), Essaied (2013), Swastika et al. (2013),
Benhmad (2013), and Yang et al. (2017) empirically analyzed the relationship among
economic variables under this methodology.
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Similarly, Dar et al. (2014) applied this methodology to study the inflation–industrial
growth relation. The results of continuous wavelet transformation showed that at the lower
frequencies having time dynamics of eight to sixteen months, the relationship is negative.
Bhaduri (2016) revisited the growth–inflation relation for India over different time horizons
based on discrete wavelet decomposition analysis using annual data from 1976 to 2007. She
found a weak correlation between growth and inflation for the original series. However, after
the decomposition of the original series into different components (short-run and long-run
components), she observed a strong and negative correlation between these variables in the
short-run time scale but no correlation in the long-run time scale.

Raza et al. (2018), using the techniques of wavelet analysis such as MODWT, contin-
uous wavelet power spectrum, wavelet covariance, and wavelet coherence, empirically
studied the association between oil prices and the economic activity of the U.S. The results
showed that economic activity is enhanced by oil prices for the period 1979m1 to 2013m7.

This detailed review of the literature shows that the nature of the inflation–growth
relation is controversial and there is a need for further exploration. It is also evident
that most of the literature focuses on time domain analysis to empirically explore the
relationship between inflation, the interest rate, and economic growth. However, the
wavelet approach allows us to explore the relationship among variables for both the time
and frequency domains. This research is the earliest attempt to understand the impact of
inflation and the interest rate on output growth in the context of Pakistan using the wavelet
technique. This paper fills the gap in the literature by using monthly data to analyze the
growth–inflation and growth–interest rate associations using wavelet analysis to explore
the relationship in various time periods.

3. Research Methodology

The econometrics techniques that have been previously used to answer these questions
focused on time domain analysis. According to Uddin et al. (2017), time domain analysis
may return incomplete and ambiguous information on the causality between economic
variables. Thus, this study focused on time domain analysis and on frequency domain
analysis using the wavelet transformation approach that has been left out for the dynamical
relationship among these variables. According to Rua (2012), wavelet analysis is a useful
tool in economics to study how variables are interrelated at different frequencies and how
the relationship among variables changes over time. The wavelet transformation approach
allows us to investigate a non-stationary time series as it decomposes the time series into
different time and frequency scales. By using this technique, we can explore the causal
relationship between growth and inflation and growth and the interest rate for many time
horizons such as the short run, medium run, long run, and very long run instead of just
studying the relationship between variables only in the short run and long run.

3.1. What Is Wavelet Transformation?

Traditionally, when a variable is plotted against time to study the time-varying compo-
nents, it is called a time domain analysis of that variable. Time domain analysis is the most
popular tool in the economic literature, and many econometric techniques have been devel-
oped for this purpose. However, for many economic variables, time domain analysis does
not always portray the true picture of the relationship as it may be hidden in the frequency
contents of variables. Wavelet analysis helps in studying the variable in more depth as it can
decompose the time series (Gençay et al. 2003; Yang et al. 2018; Cai et al. 2020).

Frequency is the rate at which something occurs over a particular time period, and it
is usually measured in seconds, cycles, or hertz. If a variable changes rapidly, we can say
that this variable has a high frequency.

Now, the question “how can we find the frequency content of the variable?” arises.
The answer is Fourier transformation or wavelet transformation. In the nineteenth century,
Fourier transformation solved many issues related to the field of engineering and physics.
However, in the twentieth century, mathematicians, engineers, and physicists realized the
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drawback of Fourier transformation and developed a new transformation called wavelet
transformation. Aguiar-Conraria et al. (2008) claimed that wavelet analysis is a more
appropriate tool than Fourier transformation to empirically study the economic relations
among variables.

By definition, wavelets are the small waves that begin at a finite point in time and die
out at a later finite point in time. Wavelets are localized both in time and space (Schleicher
2002; Singh 2013). Wavelets are generated from a simple function ψ(t) known as the mother
wavelet, by dilations and translations. A wavelet ψ j, k (t) is obtained from the mother
wavelet ψ(t) by shrinking by a factor of 2j and translation by 2j k to obtain

ψ j, k (t) = 2j/2 ψ (2j
t - k) (1)

By using the following dilation equation, we can evaluate a wavelet function such as
the following:

∅(t) =
√

2 ∑
k

lk∅t−k (2)

where ∅(t) is called the father wavelet or scaling function that satisfies
∫

∅′(t)dt = 1. We
can generate the mother wavelet ψ (t) using the father wavelet.

Wavelet analysis has its base in multi-scale decomposition or multi-scale analysis.
It was developed by Meyer (1986) and later by Daubechies (1992). Mallat explained
multiresolution analysis and the pyramid algorithm, where the value of a variable “x” at
time instant k, Xk, can be written as follows:

Xk ≈ Sj,k + dj,k + dj−1,k + · · · · · · · · · · · ·+ d1,k (3)

where dj,k are the detail components and wavelet crystals, j = 1, 2,3, . . . j, Sj,k is a trend
component also called the wavelet smooth, and j represents the number of scales (frequency
bands). In other words, a variable Xk is exuded by a high-pass filter and a low-pass filter
at each step. We obtain the information across different frequencies in each step until we
reach an approximated variable that contains only the trend. This approach allows us to
investigate the time series in both the time and frequency domains simultaneously. In
this paper, we employ the maximum overlap discrete wavelet transform (MODWT) for
time–frequency decomposition.

3.2. Wavelet Power Spectrum

The continuous wavelet transform (CWT) analyzes how the frequency components
of a variable change over time. The continuous wavelet power spectrum for the variables
shows what frequencies there are in the variable. It is used to check the power or volatility
in the variable across different frequencies and timescales.

3.3. The Cross-Wavelet Power Spectrum

The cross-wavelet power spectrum calculates the covariance between two time series
in the time–frequency space. It is used to understand the lead–lag relationship between
two variables. Given the wavelet transforms Wa and Wb of “a” and “b”, the cross-wavelet
transform (XWT) is defined as Wab = WaWb.

3.4. Wavelet Coherence (WTC)

Wavelet-based coherence allows us to measure the time-varying correlation between
the time series. The wavelet coherency shows the strength of the relationship between vari-
ables across frequencies and overtime. Aguiar-Conraria et al. (2008) provided a relevant
definition of Wavelet Coherency such as “the ratio of the cross-spectrum to the product of
the spectrum of each series, and can be thought of as the local, both in time and frequency,
correlation between two time-series”. Aguiar-Conraria and Soares (2011) have applied
wavelet analysis in order to decompose the time–frequency effects of oil price changes on
the macroeconomy. Shahbaz et al. (2013) suggested that wavelet coherency can be per-
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ceived as correlation coefficient in the time-frequency space. Aguiar-Conraria et al. (2008)
described wavelet coherency as the ratio of the cross-spectrum to the product of the spec-
trum of each series. It is defined as

R2
n(s) =

∣∣∣S(s−1Wab
n (s)

∣∣∣
S(s−1|Wa

n(s)|)·S(s−1
∣∣Wb

n(s)
∣∣ (4)

4. Data Description and Stylized Facts

We used monthly data from January 1991 to May 2020 on the interest rate, industrial
production index (IPI), and consumer price index (CPI). We took data from two sources,
International Financial Statistics (IFS) and the State Bank of Pakistan (SBP). The monthly
data on GDP were not available for Pakistan, and thus we used the industrial production
index (IPI) as a proxy for output. We calculated the growth rates of output and price levels
simply by taking the first difference in the natural logarithm transformation of IPI and CPI.
We also calculated the change in the interest rate month over month (MOM) by taking the
first difference in the interest rate. Table 1 shows the summary statistics of all the variables.

Table 1. Summary statistics.

Variables Mean Standard Deviation Skewness Kurtosis Observations

Interest Rate
change (MOM) 0.0004 2.4856 0.4904 7.2421 352

Growth 0.0019 0.0936 0.0143 5.0388 352

Inflation 0.0065 0.0074 0.4097 3.4237 352

MOM: month over month. Source: Author’s own contribution.

Monthly data of inflation and growth series show that the standard deviation of
growth is more than the standard deviation of inflation, which means economic growth
is more volatile than the inflation rate. Similarly, the change in the interest rate is more
volatile than that of growth and inflation as its standard deviation is greater than the
standard deviations of the other two variables. Before decomposing the original series
of inflation, the interest rate, and growth using the wavelet transformation, we checked
the variables for stationarity using the Dickey and Fuller (1979) and Perron and Ng (1996)
tests. Concerning LN(IPI) and LN(CPI), both series are non-stationary as we cannot reject
the null hypothesis of a unit root, whereas the results of both unit root tests reject the null
hypothesis of a unit root for output growth, inflation, and the interest rate at a 1% level of
significance. Hence, the interest rate, inflation, and economic growth are stationary. The
results are shown in Table 2.

Table 2. Unit root tests.

Variables Dickey–Fuller Phillips–Perron

LN(IPI) −2.181
(0.213)

−2.161
(0.220)

LN(CPI) −1.352
(0.605)

−1.087
(0.720)

Growth −17.523 ***
(0.000)

−17.480 ***
(0.000)

Inflation −15.614 ***
(0.000)

−16.068 ***
(0.000)

Interest Rate −7.319 ***
(0.000)

−7.004 ***
(0.000)

*** Significance at 1% level. Source: Author’s own contribution.
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Our next task is to examine the cointegration and causality between the interest rate,
CPI, and IPI. Based on the stationarity of the variables, we employed the bound test
approach to cointegration by Pesaran et al. (2001). Granger causality (1969) and Toda and
Yamamoto (1995) tests were applied to investigate the causal relationship among these
variables. The results of the cointegration test are presented in Table 3.

Table 3. Results of ARDL cointegration.

Bound Test F-Value Lower Bound Upper Bound

(at 5%)

12.36 *** 3.1 3.87

Long-Run Coefficients

Dependent Variable:
Economic Growth Coefficient SE

Inflation 0.58 *** 0.03

Interest rate −0.03 *** 0.01

Constant 2.22 *** 0.19

Adj. R-square 0.96
Notes: (i) optimal lag selection for ARDL is based on Akaike information criteria (AIC); (ii) *** significance at 1%
level. Source: Author’s own contribution.

The bound test shows that cointegration exists among variables as the calculated F-
value is higher than both the lower and upper bounds. The results of the ARDL estimation
show that inflation is positively and highly significantly effecting the growth rate of
Pakistan. This positive coefficient is consistent with the structuralist point of view that
the inflation–growth relation is positive, as evidenced by previous studies such as that
of Dornbusch et al. (1998). On the other hand, the interest rate negatively affects growth
in the long run. These results are similar to the existing literature, for example, Mensah
and Okyere (2015). The ECM coefficient has a negative and significant value of −0.20,
indicating that 20% of the errors are corrected in each time period. The results of two
causality tests, pairwise Granger causality and Toda–Yamamoto, are presented in Table 4.
The results of both causality tests validate the bi-directional causal relationship between
the interest rate and economic growth and inflation and economic growth.

Table 4. Causality tests.

Causality Tests Causality Path F-Statistic

Pairwise Granger Causality

GDP→INF 36.901 ***

INF→GDP 135.65 ***

GDP→IR 3.024 *

IR→GDP 28.983 ***

Toda–Yamamoto Causality

GDP→INF 47.234 ***

INF→GDP 164.400 ***

GDP→IR 5.904 **

IR→GDP 33.948 ***
Note: *** significance at 1% level; ** significance at 5% level; * significance at 10% level. Source: Author’s own
contribution.

5. Wavelet Estimations and Discussion

The wavelet approach efficiently analyzes the time-varying characteristics of time
series data. It is an ideal tool that deals with the issue of non-stationarity in the time
series by decomposing the time series into different time and frequency scales (Gallegati
et al. 2011; Jawaid et al. 2019). The traditional econometric models such as cointegration



J. Risk Financial Manag. 2021, 14, 277 10 of 22

and ARDL that are used for time domain analysis have some restrictions in investigating
the relationship among non-stationary variables. Thus, we used the wavelet approach to
overcome issues associated with usual time domain analysis.

After establishing the cointegration and causality among the variables, we decom-
posed the variables based on multiresolution analysis (MRA). The decomposed components
show the variation in the variable at a particular time scale. We applied the CWT to observe
the volatility behavior of variables. We have been unable to identify the common regions in
the time–frequency range where growth–inflation and growth–interest rate relations show
high volatility using the continuous wavelet power spectrum. The cross-wavelet transform
is able to show such regions; therefore, we used the cross-wavelet transform to investigate
the dynamic correlation between variables. To identify the lead–lag relationship between
economic growth and inflation and economic growth and the interest rate, we applied
wavelet coherence. Cross-wavelet coherence has the advantage of showing the areas in
the time–frequency range where two variables co-vary, but it is not necessary to have high
volatility. Finally, we draw inferences about the causal relationship between growth and
inflation and growth and the interest rate using the Granger causality test as the results
based on our previous analysis may be misleading.

The wavelet-based decomposition shows the variation in the variable across different
time horizons; therefore, we decomposed the series of inflation, the interest rate, and
growth at seven different scales (D1, D2, D3, D4, D5, D6, and S6). Figure 1 displays the
decomposition of all the variables. D1, D2, D3, D4, D5, and D6 are the six detail components
and S6 is a component that represents the trend in the original series. The results show
that the frequencies are high in the shorter period in all three variables. Table 5 shows
the different scale levels corresponding to different frequencies. The time periods 2–4 and
4–8 months represent the short run, 8–16 and 16–32 months represent the medium run,
32–64 and 64–128 months represent the long run, and above 128 months represents the
very long run. We decomposed the series of inflation, the interest rate, and growth using
the Daubechies wavelet with a length of 8.
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Table 5. Transformation of wavelet scales into different time horizons.

Wavelet Scales Time Horizon Economic Horizon

D1 2 to 4 months
Short run

D2 4 to 8 months

D3 8 to 16 months
Medium run

D4 16 to 32 months

D5 32 to 64 months Long run
D6 64 to 128 months

S6 Above 128 months Very long run
Source: Author’s own contribution.

5.1. Continuous Wavelet Power Spectrum (CWT)

The continuous wavelet power spectrum shows the variables in the time–frequency
space. The wavelet power spectra of economic growth, the interest rate, and inflation are
shown in Figure 2. The blue color indicates low volatility, and the red color indicates high
volatility. The thick black color refers to the 5% level of significance calculated from the
Monte Carlo simulation. The X-axis represents the time period studied, and the Y-axis
measures the scales or frequencies in months. We can see from Figure 2 that there is an
indication of volatility at the 0–4 months scale in all three variables. From panel (a), we
observe that growth has high volatility for the medium scale (8–16 months) from 1991 to
2000 and 2010 to 2020. Panel (b) shows that inflation is more volatile at the medium scale
(8–16 and 16–32 months) from 2006 to 2009 and 2013 to 2014. At the long-run scale (32–64
months), there is proof of volatility from 2006 to 2009 and 2013 to 2014. Panel (c) shows that
the interest rate has high volatility for the medium scale (8–16 months) from 1996 to 1999.
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At the short (0–4 months) and medium (8–16 months) scales, the similarity of high-
volatility regions between growth and inflation and growth and the interest rate does not
provide us with information about the cyclical effects. Thus, to understand the lead–lag
relationship between inflation and economic growth and the interest rate and economic
growth, we applied the cross-wavelet power spectrum.

5.2. Cross-Wavelet Transform (XWT)

The cross-wavelet transform (XWT) indicates the areas in the time–frequency range
where the two series correlate with each other. We analyzed the growth–inflation and
growth–interest rate relationships using the cross-wavelet power spectrum. Figure 3 shows
the estimations for the cross-wavelet transform for growth–inflation and growth–interest
rate in Pakistan for the time period from January 1991 to May 2020. The area within the
thick black color shows the 5% significance level calculated from Monte Carlo simulations.
The red color shows the regions of high co-movement between variables, while the blue
color represents no co-movement. The phase difference between variables is represented
by arrows. The direction of arrows tells us whether the two variables are in phase or out of
phase. When the variables are in phase, it shows that both variables are positively related
to each other, and when the variables are out of phase, it means that the two variables
are negatively related to each other. Arrows pointing to the right mean that two variables
(inflation–growth or interest rate–growth) are in phase, and arrows pointing to the left
mean that two variables (inflation–growth or interest rate–growth) are out of phase.

We observe from Figure 3 panel (a) that the growth–inflation relationship is different
at different frequency bands. We can see that the growth–inflation relation is significant
at frequencies representing the time scale of 8 to 16 months. Figure 3 shows that in the
short run (2–4 months) and medium run (8–16 months), inflation and growth are mostly
in anti-phase (out of phase), corresponding to the time periods from 1991 to 1993, 2012 to
2013, 2015 to 2016, 1991 to 1996, 2006 to 2011, 2012 to 2014, and 2019 to 2020. From 1994 to
1996, the two variables are in phase for the medium run (8–16 months).
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We can see from panel (b) that the relationship between the interest rate and growth is
significant at frequencies representing the time scales 0 to 4 and 8 to 16 months. For the 0
to 4 months time scale, the two variables are out of phase from 1998 to 1999. We can also
observe from panel (b) that, most of the time, the interest rate and growth are in phase
from 1991 to 1999 for the medium rum (8 to 16 months).

5.3. Cross-Wavelet Coherence (WTC)

Cross-wavelet coherence shows the areas in the time–frequency range where the
two variables co-vary but the presence of high volatility is not necessary. We used this
tool to determine both the frequency bands and time intervals in which variables are
correlated with each other. The area within thick black color shows the 5% significance
level calculated from Monte Carlo simulations. The red color shows the regions of high
co-movement between variables, while the blue color represents no co-movement. The
phase difference between variables is represented by arrows. The direction of arrows tells
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us whether variables are in phase or out of phase. When the variables are in phase, it
shows that both variables are positively related to each other, and when the variables are
out of phase, it means that the two variables are negatively related to each other. Arrows
pointing to the right mean that two variables (inflation–growth or interest rate–growth)
are in phase, and arrows pointing to the left mean that two variables (inflation–growth or
interest rate–growth) are out of phase.

The cross-wavelet coherency is shown in Figure 4. Panel (a) shows that there is a
significant growth–inflation relation in the medium run corresponding to the time dynamics
of 8–16 months and 16–32 months. Almost all the significant regions show anti-phase
behavior except for the 2017 to 2020 period region at the medium scale (16–32 months).
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The cross-wavelet coherency for the interest rate and growth is represented by panel
(b). Most of the significant regions show that the interest rate and economic growth are
out of phase except in the medium run (8 to 16 months) for the time period 1991–1994.
The relationship between the interest rate and growth is significant in the medium run (8
to 16 months) and long run (64 to 128 months). The significant regions in the short run
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are 1995 to 1997, 1998 to 1999, 2001 to 2002, 2004 to 2006, 2010 to 2011, and 2019 to 2020.
Growth and the interest rate are out of phase for the long-run scale from 1993 to 2020.

5.4. Multi-Scale Granger Causality Tests

We cannot draw inferences about the causal relationship between inflation and economic
growth and the interest rate and economic growth based on the previous analysis as it may
provide us with misleading information. For example, cross-wavelet correlation analysis
simply identifies the areas in the time–frequency range where two variables are correlated.
Hence, it may not be a suitable tool to identify the lead–lag relationship. The Granger causality
test is the most popular method to identify the correlation between variables because it not
only estimates the correlation between variables but also identifies the direction of causality.
Therefore, we examined the relationship between inflation and growth and the interest rate
and growth at different timescales using the Granger causality test in the context of Pakistan.
Combining the Granger causality test and wavelet analysis allows us to observe how the
causality between variables varies with different frequency bands.

The results of the Granger causality test are shown in Tables 6 and 7. The findings
of the multi-scale pairwise causality analysis show that causality between inflation and
growth varies over different time horizons. We selected the optimal lag length through
AIC and the Quinn information criterion (HQIC). These criteria are mostly used to choose
the optimal lag length of the model. We selected lag 4 through these criteria. The results in
Table 6 show that growth causes inflation at all the scales except at D2 and D4 at a 5% level
of significance. In the short run (D2) and medium run (D4), it does not cause inflation. There
are conflicting results for shorter scales D1 and D2. At D1, growth causes inflation, but at
D2, it does not cause inflation. We see the same results for the D3 and D4 scales. Inflation
causes economic growth for all the scales except at D4. Furthermore, we conclude from our
findings that in the long-run and very long-run, there is a bi-directional causal relationship
between inflation and growth. At the time scale D4, we find no causal relationship between
growth and inflation, and at the time scale D2, we find a unidirectional relationship between
these variables, and the causality runs from inflation to output growth.

Table 6. Multi-scale Granger causality tests (growth and inflation).

Null Hypothesis Test Value p-Value

D1 Growth 6=> D1 Inflation 5.818 0.009

D2 Growth 6=> D2 Inflation 0.585 0.322

D3 Growth 6=> D3 Inflation 63.807 0.000

D4 Growth 6=> D4 Inflation 0.791 0.225

D5 Growth 6=> D5 Inflation 4.368 0.000

D6 Growth 6=> D6 Inflation 18.93 0.001

S6 Growth 6=> S6 Inflation 486.75 0.002

D1 Inflation 6=>D1 Growth 8.691 0.003

D2 Inflation 6=>D2 Growth 6.232 0.001

D3 Inflation 6=>D3 Growth 44.664 0.000

D4 Inflation 6=>D4 Growth 3.384 0.901

D5 Inflation 6=>D5 Growth 3.669 0.000

D6 Inflation 6=>D6 Growth 28.115 0.000

S6 Inflation 6=>S6 Growth 468.581 0.000
Source: Author’s own contribution.
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Table 7. Multi-scale Granger causality tests (growth and interest rate).

Null Hypothesis Test Value p-Value

D1 Growth 6=> D1 Interest Rate 15.582 0.000

D2 Growth 6=> D2 Interest Rate 1.614 0.204

D3 Growth 6=> D3 Interest Rate 65.679 0.000

D4 Growth 6=> D4 Interest Rate 0.033 0.855

D5 Growth 6=> D5 Interest Rate 5.258 0.022

D6 Growth 6=> D6 Interest Rate 73.964 0.000

S6 Growth 6=> S6 Interest Rate 32.174 0.000

D1 Interest Rate 6=>D1 Growth 8.224 0.004

D2 Interest Rate 6=>D2 Growth 0.112 0.739

D3 Interest Rate 6=>D3 Growth 85.655 0.000

D4 Interest Rate 6=>D4 Growth 29.848 0.000

D5 Interest Rate 6=>D5 Growth 7.022 0.008

D6 Interest Rate 6=>D6 Growth 166.030 0.000

S6 Inflation Rate 6=>S6 Growth 597.550 0.000
Source: Author’s own contribution.

From Table 7, we can see that the results of the causal relationship between output
growth and the interest rate are conflicting for the short-run (D1 and D2) and medium-run (D3
and D4), as in the case of growth and inflation. At the scales D1 and D3, there is a bi-directional
relationship between economic growth and the interest rate, while we find no relationship
between these two variables for the short-run (D2), and in the medium run (D4), we find a
one-way causal relationship between growth and the interest rate. Growth causes the interest
rate at all the scales except at D2 and D4, and the interest rate causes economic growth at all
scales except at D2. In other words, in the long-run (D5 and D6) and the very long-run (S6),
there is a bi-directional relation between the interest rate and growth.

6. Conclusions and Policy Implications

This paper has attempted to contribute to the existing literature on the inflation,
interest rate, and economic growth nexus for Pakistan using a new technique, the wavelet
transformation approach. Previous studies explored the relationship between inflation,
the interest rate, and output growth using conventional time domain analysis, although,
according to Bruno and Easterly (1998), the true relationship between variables may hold
across different frequencies. We used monthly data on output growth, the interest rate,
and inflation from January 1991 to May 2020. First, we found that a short-run and long-
run relation exists between these variables by applying the ARDL cointegration test. We
then divided the original series of three variables into different time scales using wavelet
analysis.

We also studied the nature of causality and co-movement between inflation and
growth and the interest rate and growth using the wavelet transformation approach and
multi-scale Granger causality tests. The results of these tests indicate that the inflation–
growth and interest rate–growth relationships are not straightforward unidirectional or bi-
directional across all time scales as the previous studies suggested. The causal relationship
between variables varies across different frequencies and time horizons. Our study finds,
in the very short-run (2–4 months) and long-run (32–64, 64–132 months), that there is a
bi-directional relationship between variables (inflation–growth and interest rate–growth).
Hence, the causal relationships are different across different frequency bands.

The fluctuations in inflation and the interest rate influenced Pakistan’s economy, and
the main target of policymakers is to stabilize the prices in the economy. This paper
has major implications for policymakers as the results of the cross-wavelet transform
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and cross-wavelet coherence allow practitioners to understand the nature of the lead–lag
relationship between growth and inflation and growth and the interest rate. Further, the
investigation of causal relationships among variables across different time and frequency
horizons is advantageous in formulating policies to change the interest rate and inflation
in the economy.

We observed that, most of the time, inflation–growth and interest rate–growth are out
of phase, indicating the negative relationship between variables. We conclude that keeping
the inflation rate at a low level is very essential for growth in Pakistan. In particular, in
these tough economic times due to the COVID-19 pandemic, the government should try
to maintain inflation at low level. The central bank of Pakistan should also follow the
expansionary monetary policy in order to decrease the cost of borrowing and boost growth.
Based on the results of this study, we suggest that maintaining a low interest rate and
inflation rate in the short run will help countries in reopening the economy and mitigating
the effects of COVID-19. However, in the long-run, monetary authorities do not need to
put too much pressure on controlling both variables at a very low level because, in the long
run, there is a bi-directional relationship between inflation and growth and the interest rate
and growth.

Limitation and Future Research

This study did not offer the threshold level of inflation and the interest rate as our
main focus was to understand the nature of the relationship that exists between growth
and inflation and growth and the interest rate across different time and frequency scales.
Future research can use this analysis and define the threshold levels of inflation and the
interest rate.

For this research study, we used monthly data from January 1991 to May 2020; there-
fore, in future studies, we will extend the selected time interval in order to cover a longer
period since the onset of the COVID-19 pandemic. We will also consider including a cluster
of several emerging countries from both Europe and Asia as a comparative study for a
sample period which will cover both the global financial crisis and the COVID-19 pandemic.
This study is limited to Pakistan, and therefore an extension is necessary to obtain even
more rigorous conclusions.
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