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Abstract

stood monetary policy dynamics.

Central Banks in major industrialized economies have struggled to keep inflation within their target ranges

since the global financial crisis. The periods of missing inflation and deflation experienced in the post-crisis era have
led to doubts about the traditional Fisher effect as a crucial component of the policy reaction function. We explore
the NeoFisherian theory, which suggests an alternative causal relationship between the policy rate and inflation.

We focus on the USA, UK, and EU and apply wavelet coherence analysis to examine the time-frequency lead-lag
comovements on data spanning from January 2007 to March 2023. Our findings indicate increasing NeoFisherian
dynamics, notably post-2013 taper tantrum, implying that Central Banks in industrialized economies have misunder-
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Introduction

Metaphorically, the ‘modus operandi’ of modern Central
Bank in controlling inflation can be likened to a person
balancing a metre stick (inflation) using their fingertips
(interest rates) in an inverted pendulum fashion. To keep
the ‘metre stick’ (inflation) balanced, the Reserve Bank
must move their hands (interest rates) in the same direc-
tion which the metre stick tilts towards. In practice, mon-
etary authorities are guided by the following policy rule
in performing this balancing act:

J > 0,ifmr > wx
Al{<0,if7rt < @
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And by following such a policy rule, an independent
Central Bank can steer the expectations of economic
agents in a time-consistent manner [17] and adjustments
in the policy rate works itself through the monetary
transmission mechanism [20] together with the Phillips
curve dynamics into the real economy. When inflation
surpasses the target, increasing interest rates make saving
more attractive than borrowing, leading to reduced
spending/consumption and ultimately output. This
prompts price setters to lower their prices, via the Phillips
curve dynamics, due to the cooling of the economy.
Conversely, when interest rates are lowered, the opposite
effect occurs. It is important to note that even though
interest rates have an inverse impact on inflation, the
relationship appears positive due to the balancing act
undertaken by Central Banks to counteract inflation.
The observed positive co-movement between nominal
interest rates and inflation is known as the Fisher effect
and is easily observed from the scatterplot for the USA,
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EU and the UK in the post-global financial crisis (GFC)
era in Fig. 1 below.

Following the 2007-2008 GFC, industrialized econo-
mies implemented unconventional monetary policies
(UMPs) to overcome the limitations of the ‘zero-bound’
liquidity trap and stimulate their economies. However,
certain inflation puzzles have emerged in these econo-
mies since then [2, 4, 22, 23]. Firstly, during the brink of
a global recession in 2008-2009, Central Banks in the
USA, EU and UK reduced interest rates close to zero and
implemented UMPs. According to traditional theory,
this should have increased inflation, but instead, infla-
tion decreased to near-zero levels. Secondly, when the
USA decided to revert to a ‘normal policy’ in 2015 and
raise interest rates, inflation began to slightly increase,
contrary to traditional expectations. Thirdly, following
the announcement of the COVID-19 pandemic in 2020,
the Central Banks in industrialized economies once
again lowered interest rates close to zero and imple-
mented UMPs, resulting in near-zero rates and record-
ing high savings rates. Lastly, when the Ukraine—Russia
war started in 2022, the Central Banks increased inter-
est rates which was accompanied by rising inflation, thus
presenting an ongoing puzzle

The NeoFisher hypothesis provides a theoretical expla-
nation for these puzzles, suggesting that in industrial-
ized economies, inflation started responding positively to
changes in interest rates, rather than the reverse [29]. The
core idea behind the NeoFisher hypothesis is that main-
taining and committing to the zero-interest-rate policy
(ZIRP) for a sufficiently long period of time could lead to
a unique and ‘unintended’ steady state characterized by
low inflation expectations and actual inflation [7]. Any
increase in interest rates from the zero lower bound, even
if intended to be temporary, will be viewed as permanent
as it represents a permanent shift by the Central Bank
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towards ‘normalization’ and rational agents do not expect
the central bank to return to UMPs but anticipate a con-
tinued increase in interest rates in the future [24]. Conse-
quentially, NeoFisherian economists propose the pegging
of interest rate as the most suitablé policy stance, which
itself is a controversial recommendation since Fried-
man [12] famously contended that such policy actions
can lead to a hyper-inflationary or deflationary spiral [8,
27-30].

Nonetheless, there is limited empirical research on the
NeoFisher effect in industrialized economies outside the
USA. Moreover, existing empirical studies examining the
NeoFisherian effect in the US rely on VAR-type granger
causality tests and impulse response functions and pro-
vide inconclusive evidences [5, 9, 28]. The lack of conclu-
sive findings can be attributed to the stringent stationary
requirements as well as sensitivity to structural breaks
and nonlinearity in the time series methods used in
these studies. To address these issues, we employ wavelet
coherence analysis to investigate the NeoFisher hypoth-
esis. This analysis examines the co-movement between
two variables in a scale-by-scale manner across a time
window, allowing for the analysis of causal effects, direc-
tions, and magnitudes across different time periods and
frequency oscillations. The wavelet coherence method
utilized in this study is noteworthy for producing results
that are insensitive to the selected time window and free
from possible regression errors. Consequently, there is
no need to conduct analyses across distinct subsamples,
as wavelet analysis inherently accounts for structural
breaks and various forms of asymmetry within the data.

To the best of our knowledge, our study represents
the first empirical validation of the NeoFisher effect in
the USA, UE, and UK. Our research uncovers that the
behaviour of monetary policy in these industrialized
economies displays variations over time and in terms of

6 5 6
o
5 ou; o 4 :o@:g 5 % 0 o0 o0
o 00 e o° o
o o
4 o o 3 Y o 4 %
°
(-]
° 3 ° = o o
£ 3 ° . £ 2 ° - g 3 o
‘;,o o 2 o o °
o o o o °
1 3 2
2 ogo o® o ®? eﬂ o ° oo
o P
Sg o ow o0& R
P o S =3 3 P
6 % coo®o 00 o o ° °
0 5 ® comiimm——— © 0@ © @00 1 0 @SB e® o F
4 2 0 2 4 6 8 10 12 -2 0 2 4 6 8 10 12 0 2 4 6 8 10
us.inf eu.inf uk.inf

Fig. 1 Scatterplot of interest rates an inflation in USA, EU and UK (2007:m
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frequency. Particularly noteworthy is the emergence of
significant NeoFisher effects during the ‘taper tantrum’ in
2014-2015, which have remained consistently observable
in subsequent periods. These findings align with the the-
oretical insights proposed by Schmitt-Grohe and Uribe
[24], suggesting a shift in the dynamics of monetary
policy following the convergence of Central Banks to the
zero lower bound in the aftermath of the Global Financial
Crisis. Furthermore, our study extends the arguments
advanced by Williamson [29] and Uribe [28] by illustrat-
ing that NeoFisherian effects exhibit both transitory and
permanent characteristics, particularly in the wake of the
implementation of Unconventional Monetary Policies
(UMP) as a response to the COVID-19 pandemic.

In summary, our findings imply that the understanding
of monetary policy dynamics in industrialized economies
has been inaccurate. This has significant implications for
the credibility of policy decisions in these economies and
can also lead to spillover effects on other Central Banks
worldwide that look to the decisions of these influential
reserve banks as models.

The rest of the study is structured as follows.
Sect. "Overview of the NeoFisher effect” outlines the
theoretical framework. Sect. "Methodology and data"
describes the methodology. Sect. "Data and empiri-
cal strategy” presents the data and empirical strategy.
Sect. "Results and discussions” presents the results and
discussions whilst Sect. "Conclusions, policy implications
and recommendations” concludes the study.

Overview of the NeoFisher effect

Conceptual framework

NeoFisherism has arisen as a ‘nonconventional’ concep-
tual framework for monetary policy which extends on
the traditional Fisher identity i.e.
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't :Rt—ﬂ'f (2)

where r; is the real interest rate, R; is the nominal inter-
est rate, and 7/ are inflation expectations, and assume the
adjustment process of the form:

Arg = —0(ri—1 —r") 3)

such that r; converges to its natural equilibrium r*
and AR; cause Amt{. In other words, if R(1), then r«(1)
eventually returns to r*, causing An/ (1), and also vice-
versa (see Fig. 2). In this sense, NeoFisher differs from
the traditional Fisher effects in that nominal interest
rates lead to inflation and not vice versa. Metaphorically
speaking, NeoFisherism envisions the Central Banker as
person holding the metrestick upside down as a pendulum
and not upright as an inverted pendulum.

Theoretical arguments

Theoretically, the NeoFisher effect has been verified in
the standard 3-equation New Keynesin (NK) model con-
sisting of an IS schedule, the Phillips curve and the Tay-
lor rule. Schmitt-Grohe and Uribe [24] were amongst the
first to demonstrate how an economy constrained by a
liquidity trap operates in an abnormal equilibrium char-
acterized by a spiral deflation process with low output,
where both UMP and the Taylor rule lose their effective-
ness. They suggest a pegged interest rate-based strategy
as an alternative means of escaping these liquidity traps.
Furthermore, Cochrane [8] critiques the assumption of
an unstable steady-state Fisher relationship underlying
the policy reaction function, which requires continuous
adjustment of interest rates to maintain inflation within
its target. He argues that the stability of inflation at the
zero bound implies that a steady Fisher relationship can
hold even if interest rates are pegged. Under conditions of
fiscal-monetary coordination, the economy converges to

Interest Rate and Inflation Rate, in Percent

SOURCE: Stephen Williamson.

Time

Fig. 2 Response to a permanent increase in the nominal interest rate at time t
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the interest rate peg minus the real rate as a continuum of
perfect foresight equilibria, holding even in the presence
of sticky prices, backward-looking Phillips curve, active
Taylor rules, and alternative equilibrium selection rules.

Nonetheless, some researchers have presented theoret-
ical contentions to the NeoFisher dynamics. For instance,
Garin et al. [14] contend that the NeoFisher effect is lim-
ited to a New Keynesian framework, where persistent
inflation targets, flexible prices, and forward-looking
consumption decisions are present. However, when the
model incorporates backward-looking "rule of thumb"
price-setters, expectations formations become less for-
ward-looking, reducing the likelihood of a NeoFisher
effect. Similarly, Garcia-Schmidt and Woodford [13]
argue that the NeoFisher effect does not hold in a New
Keynesian framework when agents form expectations
through explicit cognitive processes. This leads to a belief
reversion process that allows for the perfect foresight
equilibrium to emerge as a limiting case of a reflective
equilibrium. Under fixed or pegged interest rates, the
NeoFisherian equilibria become a special case where eco-
nomic agents do not need to engage in further reflection
on future consumption and interest rate decision.

More recently, Bilbiie [6] attempt to bring harmony
between two seemingly discordant perspectives. Specifi-
cally, the author proposes a consolidated New Keynes-
ian framework that advocates the appropriateness of
NeoFisherian monetary policies in mitigating a liquidity
trap that originates from confidence-related factors. Con-
versely, in circumstances where liquidity traps stem from
underlying economic fundamentals, traditional Fisherian
policies should be pursued. The main implication is that
policymakers should be mindful of the origins of liquidity
traps, as the monetary—fiscal prescriptions for these pre-
dicaments are diametrically opposed.

All in all, the contention between ‘traditional’ and Neo-
Fisherian theories evolves on the direction of causality
between inflation expectations and nominal interest rates
in stabilizing the real interest rate. Empirically, both the-
ories can be formally tested via the following hypotheses,
ie.

H, Inflation expectations granger causes interest rates
(traditional hypothesis).

H, Interest rates granger causes inflation expectations
(Neo-Fisherian hypothesis).

Empirical evidence

Considering that the NeoFisher hypothesis is a post-GFC
phenomenon, it is not that surprising that the empirical lit-
erature on the subject is relatively small and growing. After
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conducting an extensive search of the literature on ‘google
scholar;, we are only able to obtain 3 empirical studies and
it is interesting to note that the currently available literature
on industrialized economies has exclusively focused on the
US economy. Bias and Hall [5] test for NeoFisher effects
between January 1964 and April 2019 using vector autore-
gressive (VAR)-based causality tests at different sub-sam-
ples and find some NeoFisher effects for some sub-samples
before 2008 but not afterwards. Similarly, Crowder [9]
applies a VAR model to data spanning from January 1959
to December 2015 and also finds little NeoFisher effects
between nominal interest rates and inflation. Lastly, Uribe
[28] uses a structural VAR to show that permanent (tempo-
rary) shocks in the nominal interest rates lead (do not lead)
to NeoFisher effects in the data.

From the currently literature, we identify three gaps in
the current empirical literature which our study aims to fill.
Firstly, and as mentioned before, previous studies exclusive
focus on the US economy. Secondly, previous studies do
not focus on periods subsequent to the emergence of the
COVID-19 pandemic and consequentially do not account
for the periods of missing deflation experienced since the
start of the Ukraine—Russia war. Lastly, previous studies
focus on VAR-based framework which is linear in func-
tional form and do not account for structural breaks and
other forms of nonlinearities contained in the data.

We contribute to the empirical literature by testing for
the NeoFisher effects in the US, EU and UK in the post-
GEFC era using a battery of causality tests on interest rates
and inflation. Firstly, we follow previous literature and
employ VAR-causality tests to examine lead—lag relations
in the time domain. Secondly, we use the frequency cau-
sality tests to examine lead-lag relations across different
frequency components. Lastly, we use the wavelet coher-
ence analysis to examine the lead—lag relations in time—fre-
quency space. The conceptual details of the methods are
given the following section.

Methodology and data

VAR-based causality tests

We firstly use a bivariate VAR(p) model of Sims [25] to test
for causality effects, in the Granger [16] sense, between the
nominal interest rates (i) and inflation (). We specify the
model as:

n n
I = Z jilg—j + Z Brime—j + exr (4)
i=1 j=1
n n
T = Z a,ile—j + Z Poimts—j + et (5)
i=1 j=1
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where a and f are the VAR regression coefficients which
are estimated by OLS, i, is the optimal lag length deter-
mined by minimization of the AIC and BIC and the
e, are regression residuals. To test for causality from
inflation to nominal interest rates (i.e. the traditional
Fisher effect), we impose the following restriction,
B11=P12="---=P1; =0, on Eq. (4) which results in
the following restricted regression.

n
SS Z il + et (6)
i=1

whereas to test for reverse causality from interest rates to
inflation (i.e. NeoFisher effect), we impose the following
restriction, a1 = a3 = --- = a; = 0, on Eq. (5) which
results in the following restricted regression:

n
T = Z Ba,imte—j + et 7)

j=1

Thereafter, we extract the sum squares of residuals
(SSR) for the restricted regression (4) and (5) as well as
the unrestricted regressions (6) and (7), and compute the
following F-statistic:

_ (SSRp — SSRur)/q g
= T SSRur/(n — k) ®

where q is the number of restrictions, n is number of
observations and k is the number of independent vari-
ables in the equation. The calculated F-statistics are
compared against the critical values tabulated in the con-
ventional F-tables. Significant causality effects are con-
firmed if the obtained F-statistic exceeds its associated 10
percent critical value at the relevant degrees of freedom.

Frequency-domain causality tests

The second type of causality tests we perform is in fre-
quency domain of Geweke [15] which is a version of
the VAR-based causality tests in frequency domain. The
advantage of the frequency domain causality tests lies in
the disentanglement of the causality structure across a
range of frequencies whereas the traditional time domain
based causality tests [11].

By compactly defining our bivariate VAR model Z,=[i,,
] =[Y, X, the transfer of the VAR model into fre-
quency domain is conducted using the following transfer
function defined as:

p
Pw)= (I — Y Aje 7)™ )

j=1
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where is the frequency level constrained as -n<w<7.
Further setting the matrix P(w) as:

Pyy(w) Pxy(w) 10
Prx(@) Pxx(@) (10)

allows one to compactly represent Eq. (9) in the follow-
ing spectrum form:

h(®) = P(w)X2P ()" (11)

%

which is

where * is a complex conjugate transpose, %, is set as
with a transform matrix S=(J_ v 3

02 U3
v2 2 02

used to derive the transform transfer function i.e.

P(w) = P(w) x S7! (12)

Thereafter, granger causality spectrum describing cau-
sality from variable X, to variable Y, is defined as:

hxx (w)

o2 Prx (@) (13)

ng(w) = In(

such that if Xh Y(a)) > 0, then the past values of X, pre-
—

dict the present values of Y, at frequency cycle of ™.

Wavelet coherence analysis

Lastly, we employ continuous wavelet analysis which can
be considered a major step-up from time series-based
econometric techniques such as the VAR, and present a
multiresolution analysis of signal or time-series in time—
frequency space. Lau and Weng [18] present an excel-
lent analogy to explain the concept of wavelet transforms
applied to time series data by comparing this transfor-
mation process to converting a two-dimensional writ-
ten musical score into three-dimensional audible music
tones, characterized by frequency, time position and
duration, and intensity. In practice, these transforms con-
volute a time series with a set of complex-valued ‘daugh-
ter wavelets’ defined as:

W ° ’ 1 t—1
x(s,7) = /_Oox( )ﬁw*( .
where * is the conjugate of the complex number; t and
s are the translation and dilation parameters responsible
for amplitude and phase dynamics in time—frequency
space. The mother wavelet which is responsible for the
shape of the daughter wavelets is defined as the following
Morlet et al. [21] function:

Y(t) = n_Zexp(iwt)exp(—%ﬂ), (15). where w, is set
at 2 to ensure optimal joint time—frequency resolu-
tion. We can then compute the wavelet power spectrum
(WPS) of the time series as:

)dt (14)
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N-1

s dt dt
W,.(s) = ﬁ Z 2,0 % ((m — m)?n 0.17em = 0,....
n=0
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(16)

where dt is a uniformed time step. The WPS is a repre-
sentation of the enrgy distribution of the series in a time—
frequency plance and is analogous to the variance.

The wavelet coherence analysis between a pair of time
series across a time—frequency plane is closely related
with the concept of Fourier coherency [1, 26]. Given the
WPS for a pair of time series x(t) and y(t) (i.e. W, =| Wx|2
and WYY=|WY|2), their cross-wavelet transform (CWT)
can be defined as (WPS),, = W, =|W, |, from which the
wavelet coherence, is computed as:

IS(W )l
[(SIW,[2)(SIW, 2]

Ry‘x (s) = 17)

where S is a smoothing operator in both time and scale.
The phase-difference dynamics are determined as:

I{Wi}
R{Wa)

Pry= Arctom_l( ) (18)
where 7<¢, <-m and it provides information on i)
whether the pair of series are in-phase (positive) or
antiphase (negative) synchronized and ii) whether x leads
9y or vice-versa.

Data and empirical strategy

Empirical data

To test for NeoFisher effects, we use monthly nominal
interest rate and inflation data spanning from 2007:M03

Table 1 Descriptive statistics, unit root tests, and correlation matrix

to 2023:M03 which are collected from two sources.
Firstly, we source our measures of nominal interest rates
from Rapheal De Rezende’s website (https://www.rafae
Ibderezende.com/shadow-rates) which presents time
series measure of conventional interest rates such as the
US Federal Fund rate (FFR), the UK bank rate (uk_br)
and ECB main refinancing operations rate (EU_rate)
as well as the shadow short rate (SSR) estimates for the
US (US_SSR), the EU (EU_SSR) and the UK (UK_SSR).
A detailed description of the construction of the SSR is
provided in De Rezende and Ristiniemi [10]. For US and
EU inflation, we use conventional CPI inflation sourced
from Federal Reserve Economic Data (https://fred.stlou
isfed.org/) online database whilst the UK CPI inflation is
sourced from the UK Office for National Statistics (ONS)
website (https://www.ons.gov.uk/).

The summary statistics of the variables presented
in Table 1 showed some well-known stylized facts on
inflation and interest rates in industrialized economies in
the post-GFC. For starters, the averages of all employed
time series are close to zero reflecting the fact that the
industrialized economies have been in a ‘low interest rate,
‘low inflation’ environment for a majority of the post-GFC
period. Furthermore, the averages and minimum values
are lower for the SSR compared to the traditional interest
rate variables since the former captures a hypothetical
negative interest rate corresponding to expansionary
policy reflected by the UMP. Lastly, note that all series
are slightly positive skewed and leptokurtic indicating

Mean Min Max Skew Kurt J-B* ADF PP KPSS
s 1.14 0.25 5.25 1.71 498 0.00 —2.10(-5.81% —2.12 (—5.46#) 0.23(0.57)
ey 0.52 —-049 430 175 474 0.00 —2.16 (—4.83% —1.89 (—4.71#) 0.91 (045)
iUk 1.15 0.10 5.75 2.04 5.50 0.00 —2.79* -207 0.55
(—471% (=541#) (0.52)
SSR s —-0.96 —356 6.23 1.07 2.95 0.00 -2.10 —-155 0.87
(-6.86" (~7.82#) (0.54)
SSRey 0.25 -1.27 434 1.36 357 0.00 —-1.53 -179 047
(—7.46)* (—6.81#) (0.25)
SSRUk —-0.97 —3.01 583 1.65 420 0.00 —1.31 -149 065
(-8.17% (—8.494#) (0.50)
Tys 021 —1.97 137 —-0.65 6.82 0.00 —-762* —-1.75 0.56
(—9.14% (—7.294) 0.07)
Ty 2.00 —-0.60 10.60 2.06 7.50 0.00 —462* -1.22 031
(-5.68% (-10.8#) (0.16)
Tk 201 1.60 10.60 2.06 749 0.00 —461* -0.17 032
(—4.64% (—11.6#) (0.26)

p-values are reported for the J-B test statistic. * denotes rejection of unit root null at 5 percent critical level. 1st difference statistics of ADF test reported in ()
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that the variables are not normally distributed and most
interest rate series contain unit roots whilst the inflation
variables are stationary. Therefore, in conducting the
VAR-based causality and frequency causality tests, we
use the first differences of the interest rate variables
as is required for estimation purposes. Moreover, the
Johansen cointegration tests performed on different pairs
of interest rate and inflation data, as reported in Table 2,
further provide evidence.

Empirical strategy

In conducting our empirical analysis, we segregate our
data across two dimensions for robustness sake. Firstly,
for the VAR- and frequency-based causality tests, we
conduct our empirical analysis across three sub-samples
segregated by two structural break points as determined
by the Bai and Perron [3] tests, i.e. 2009-2016, 2016—
2020 and 2020-2023 (see Table 3 for results). We use this
strategy to determine whether the results from the time
and frequency causality tests are susceptible to structural
breaks. Secondly, we use alternative specifications of the
(Neo)Fisher hypothesis, with one traditional policy rates
as a conventional measure of nominal interest rates and
the other using the SSR as an unconventional measure of
interest rates which accounts for the stimulating effects
of UMP in a hypothetical negative interest rate environ-
ment. We use this strategy to determine whether our
empirical estimates are sensitive to the type of data used
in measuring monetary policy stance. Also given the
sheer volume of the empirical results, we only report a
summary of the findings from our empirical analysis and
provide the more detailed results in Tables and Figures in
Appendix.

Results and discussions

VAR causality results

Table 4 summarizes results of the VAR-based granger
causality tests performed on lags determined by the AIC

Table 2 Johansen's cointegration test results

Trace statistic Max-
Eigen
statistic
iys, Mys 20.43# 18.43#
lew TTey 17.67# 16.76#
iUk Tk 21.09# 18.28#
SSRys, Tus 23.28# 21.40#
SSRey, Ty 19.43# 17.324
SSRuk Tuk 19.86# 17.05#

p-values are reported ().  denotes rejection of for the null hypothesis r=0 at 5
per-cent critical level
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Table 3 Baiand Perron [3] multiple structural break tests

Series Break test Break dates
Ovs1 Tvs2 2vs3 Date 1 Date 2

ius 83.88%** 51.69%** 8.12 2009M06 2016M04
ley 550.83*** 33.94%% 5.66 2009M06 2012M07
iUk 452.07%%* 10.34** 0.28 2009M06 2020M11
SSRys 52.83%* 91.75%** 7.32 2009M06 2015M12
SSRey 320.05%** 12.75%** 033 2009M06 2015M01
SSRuk 268.32%** 29.99*** 6.48 2009M06 2020M11
Tys 21.24%% 193 N/A 2020M11 N/A

Ty 138.56*** 26.21%%* 6.05 2016M04 2020M11
Ty 101.19%%* 30.07%%* 9.62 2016M04 2020M11

Critical values are 8.58,10.13 and 11.14 for O vs 1, 1 vs 2, and 2 vs 3, respectively
**x %% * denote the 1%, 5% and 10% critical values, respectively

and SC information criterion. Panel A (Panel B) of the
table reports the causality effects using the traditional
policy rate (SSR) as the measure of nominal interest rates
at different sub-periods. The bold entries in the table
highlight the results which are consistent across both
measures of nominal interest rates of which we find 6 out
of 12 mutual entries in each panel. The 4 italic shaded
entries further show causalities describing the NeoFisher
effect of which two show these effects for the USA using
the full sample whilst the last is for the EU in the 2nd
sub-period. The full set of results summarized in Panels
A and B of Table 4 are found in Appendices I and II,
respectively.

Overall, we find that with the exception of the US in
the full sample, the remaining regressions appear to be
sensitive to both choice of measure of nominal interest
and also to selected time periods. Moreover, our findings
are contrary to those of Bias and Hall [5] who use simi-
lar VAR causality tests and find little evidence NeoFisher
causality effects for the US in the post-GFC era. Also
considering that all economies mutually registered no
causal effects between the time series in the post-COVID
era is an indication that the number of observations used
in this period may not suffice to induce any significant
relations between the variables.

Frequency-domain causality results

Next, we present the results from the frequency domain
causality tests which differs from the VAR-based causality
tests which only aggregates the causal dynamics between
two series across an entire time window. Conversely, the
frequency-domain tests measure the extent to which
past behaviour of one series influences the behaviour of
another series across a frequency spectrum, w, ranging
from low frequencies to high frequencies in incremental
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Table 4 VAR causality tests
Period Panel A:i~m Panel B: SSR~m

us EU UK us EU UK
Full sample fys ™ Mys gy = Mgy Ty = Tk SSRys— Mys SSRey < Mgy SSRuk <> Tk
Ist sub-period iys <> Tlys Tey Iy iy < Tyg Tiys = SSRys Tey = SSRey SSRyk < Tyk
2nd sub-period Tys > iys No causality iyk < My No causality SSRey—> gy SSRyk < MMy
3rd sub-period No causality No causality No causality No causality No causality No causality

Entries in bold indicate that similarly findings are obtained in both Panels A and B. Italic entries indicate NeoFisher causality effects

proportions. Distinguishing between low- and high-
frequency causality dynamics is important in our context
since the ‘mild view’ of the NeoFisherian hypothesis, as
described by Cochrane [8] and Uribe [28], allows for the
possibility of traditional Fisher effects over transitory
periods or high-frequency bands whist the economy
converges to NeoFisher dynamics over the long run or
low-frequency bands. On the other hand, the ‘pure view’
of the NeoFisher effect assumes that shocks in nominal
interest rates affect inflation in both transitory and
permanent horizons.

From Table 5, which summarizes the findings from
the spectrum causality tests reported in Appendices
III and IV, we observe that for all economies all entries
except for those for high-frequency causalities in the
1st sub-sample are highlighted in ‘bold’ indicating that
the results are less sensitive to the chosen measure of
nominal interest rates used in the analysis. Moreover,
at low frequencies we mutually find bi-directional
causality across all sub-periods whereas discrepancies
are solely observed at high-frequency causality. In fact,
we observe NeoFisherian causalities for the USA and
UK, for full sample, and the UK, the 3rd sub-sample, at
higher frequencies, hence confirming the ‘pure view’ of
the NeoFisher effect over transitory periods. However,

Table 5 Frequency-based causality tests

one notable shortcoming with spectrum causality tests is
that they inform us of lead-lag relations across different
frequencies and yet do not indicate at which time these
causalities occur [1, 26]. Overall, these findings do not
advocate for long-run Neo-Fisher effect in industrialized
economies and at best suggest that these effects are
temporal.

Wavelet coherence results

Finally, we look at the results obtained from the wavelet
coherence analysis, which presents the ‘best of both
worlds’ in being able to localize the variables in both time
and frequency space. The wavelet coherence analysis
is represented in a 2-dimensional heatmap plots which
describes the phase-dynamics between the variables
and provides information on the strength (represented
by the colour contours) sign and direction of causality
(represented by arrow orientation) between the series.
These are presented in Appendix V (Appendix VI) for the
analysis with the traditional policy rates (SSR) as measure
of nominal interest rates. It is interesting to note from
these plots, that the same time—frequency dynamics are
shown for USA, EU and UK regardless of the measure
of nominal time series used. From the wavelet plots
reported in Appendix, we observe 3 mutual phases of

Period Frequency Panel A:i~m Panel B: SSR~m
us EU UK
Full sample Low iys < TMys gy < Mey K © Myk SSRys < Mys SSRey < Mgy SSRyk < Tlyk
High iys = Tys No causality iuk = Tyk SSRys — Tys No causality SSRyk = Ty
Tst sub- sample Low iys < Tys gy < Mgy iuk < Myg SSRys < Tlys SSRey < Mgy SSRyk < My
High No causality iey <> My No causality SSRys <> Tiys ey = SSRyy SSRyk <> Ty
2nd sub-sample Low iys < Myg ey © ey iy < Myk SSRys <> Tys SSRey < Ty SSRyk < My
High iys < Mys No causality No causality SSRys <> Tys No causality No causality
3rd sub-sample Low iys < Mys igy © Mgy iyk < Ty SSRys <> Tys SSRgy < Mgy SSRyk < Myk
High Tys — iyg Ty — gy iy = Ty Tiys — SSRys Tigy — SSRey SSRyk = Myk

Entries in bold indicate that similarly findings are obtained in both Panels A and B. Grey shaded entries indicate NeoFisher causality effects
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time—frequency co-relations for the US, UK and EU
whose details we are reported in Table 6.

+ The first phase, ranging from 2007 to 2013, reveals
inphase or positive correlations between interest
rates and inflation, with inflation causing nominal
interest rates (i.e. traditional Fisher effects) in the
higher-frequency bands of 16 to 40 month cycles
whereas reverse causality (i.e. NeoFisher effects)
is observed at lower-frequency bands of 40- to
64- month cycles.

+ From the second phase, ranging from 2013-2017,
only low-frequency bands of inphase correlations
between 40- and 64- month cycles are observed,
with nominal interest rates causing inflation (i.e.
NeoFisher effects).

+ The third phase, ranging from 2017-2023, reveals
inphase or positive correlations with nominal interest
rates causing inflation (i.e. NeoFisher effects) at both
low-frequency (16 to 40 month cycles) and low fre-
quency (40- to 64- month cycles) bands.

Altogether these finding imply that all industrialized
economies experienced mild NeoFisher, described by
Cochrane [8] and Uribe [28] effects during the first
rounds of UMP in response to the GFC, whereby
traditional Fisher effects are experienced in the transitory
period whilst NeoFisher effects are experienced over

Table 6 Wavelet coherence analysis
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permanent horizons. However, from the taper tantrum
of 2013-2014, when Central Banks began to unwind
their balances, these transitory effects disappear, leaving
only low-frequency NeoFisher effects. Finally, towards
the COVID-19 and stretching to the Ukraine-Russia
war, transitory effects re-emerge and this time both
transitory and permanent NeoFisher effects are present
whereas traditional Fisher causality is not observed. One
plausible explanation for these dynamics, as argued in
Marques and Carvalho [19], is that during periods when
the Central Banks lowered interest rates close to zero
this sends a signal to price setters that the Central Bank
is not concerned with inflation hence resulting in low
inflation expectations. Conversely, when Central Banks
revert back to ‘normalization; this signals their concerns
with inflation, hence causing economic agents to increase
their expectations of future inflation.

Conclusions, policy implications,

and recommendations

We examine the NeoFisher effect in USA, EU and UK
using VAR causality tests, frequency-causality tests and
wavelet coherence analysis applied to monthly data of
nominal interest rates and inflation spanning 2007:m01
to 2023:m03. Our study highlights the advantages of
wavelet coherence analysis over traditional VAR and
frequency-based models in investigating the NeoFisher
hypothesis in industrialized economies. We find that
VAR and frequency-domain causality tests are sensitive

First phase (2007-2013)

Second phase (2013-2017)

Third phase (2017-2023)

Cycle + Lead/lag Cycle + Lead/lag Cycle + Lead/lag

Panel A:i~m

us 40—64 months + iys = Mys 64 months + iys = Tys 40-64 months + iys = Mys
16-40 months + Tiys — iys N/A N/A N/A 16-40 months + iys = Tys

EU 40—64 months + iry = Mgy 64 months + ify = My 40-64 months + ify = My
16-40 months + Ty — gy N/A N/A N/A 16-40 months + igy = Mgy

UK 40—64 months + iuk = Ty 64 months + iuk = Tyk 40-64 months + iuk = Tyk
16-40 months + Tyk — fyk N/A N/A N/A 16-40 months + iyk = Ty

Panel B: SSR~m

us 40—64 months + SSRyg— Tys 64 months + SSRys — Tys 40-64 months + SSRys — Tys
16-40 months + ys — SSRys N/A N/A N/A 16-40 months + SSRys — Tys

EU 40—64 months + SSRey — Mgy 64 months + SSRgy — Ty 40-64 months + SSRgy — Ty
16-40 months + Ty — SSRyy N/A N/A N/A 16-40 months + SSRgy — Ty

UK 40—64 months + SSRyk = Myk 64 months + SSRyk = Ty 40-64 months + SSRyk = Ty
16-40 months + myk = SSRyk N/A N/A N/A 16-40 months + SSRyk = Myk

Entries in bold indicate that similarly findings are obtained in both Panels A and B. Grey shaded entries indicate NeoFisher causality effects
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to structural breaks in the data and/or the choice of
interest rate variables. In contrast, wavelet coherence
analysis is robust to such variations. Consequently, we
consider the results from wavelet analysis more reliable
than those relying on conventional VAR-based methods.

Our wavelet analysis indicates that monetary policy
in industrialized economies has displayed NeoFisher
behaviour. This suggests a fundamental misunderstand-
ing of monetary policy dynamics since the global finan-
cial crisis. Initially, during the first few rounds of UMP
in response to the GFC, traditional Fisher effects were
short-lived, whilst NeoFisher effects persisted. How-
ever, after nearly a decade of being constrained by the
zero lower bound, the dynamics became predominantly
NeoFisherian, even during periods of ‘normalization’ fol-
lowing events like the Ukraine—Russia war when inflation
exceeded its target.

Our findings are important since they imply that Cen-
tral Banks in industrialized economies have failed to
figure out their monetary policy which, in turn, could
undermine their credibility and expose the Central Banks
to the risk of exhibiting time-inconsistent behaviour. In
further considering the significant impact that monetary
policy decisions in these industrialized economies affect
other Central Banks worldwide, any erroneous interest
rates decisions made will inevitably spillover to other
Central Banks globally.

In light of our research, policymakers should recon-
sider their approach to conducting monetary policy.
Continuing to raise interest rates may reduce transitory
inflation but could lead to persistent inflation patterns.
Policymakers need to explore alternative methods of
controlling inflation without necessarily abandoning the
inflation targeting framework. This could include adopt-
ing a new framework for monetary—fiscal co-ordination
which can simultaneously reduce inflation and the out-
put gap in these industrialized economies.

A notable limitation of our study is that it does not
shed light on the theoretical mechanisms underlying
the NeoFisher effect or determine whether adherence to
NeoFisherian dynamics can stabilize inflation even when
it has already breached its target rate. Nonetheless, our
study establishes a pivot empirical fact: a positive co-
movement between interest rates and inflation exists
in industrialized economies in the post-global financial
crisis period, where interest rates cause inflation during
both UMP and ’'normalization’ periods, hence implying
that monetary policy is misconstrued.
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Appendix
Appendix I: VAR-based granger causality tests (traditional
interest rates versus inflation)

Causal F-statistics p-value Causal F-statistics p-value
direction direction
(NeoFisher) (Traditional)

Panel A: full sample

ius—Mys (12) 342 0.00%** 1y lys 1.06 040

iy =Ty @) 201 004*  Tey—iny 283 0.00%**
i (7)) 173 010 myu—ik 305 0.00%*
Panel B: 1st subsample (2007-2015)

iys—mys (12 5.07 0.00%** s> iys 289 0.00%**
ey (9) 171 0.11 ey — Iky 3.69 0.00%**
i— T B) 301 003*  my—iyw 237 0.07*
Panel C: 2nd subsample (2015-2020)

ius—Tys (12) 099 048 Tys — iys 3.01 0.01**
iy (1) 092 034 my—iw 163 021
ik Tye (1) 1007 0.00%* =ik 345 0.06*
Panel D: (2020-2023)

iys—Mys (12) 1.27 037 Tys — lys 1.36 0.20

iy =, (120 173 023 ey — iy 215 0.04*
i =Ty (12) 165 0.14 Ty — Ik 111 049

Cppsd G0 ()
) )

denote the 1%, 5%, 10% critical levels,
respectively.

Appendix Il: VAR-based granger causality tests (SSR
versus inflation)

Causal
direction

F-statistics p-value Causal
direction

F-statistics p-value

Panel A: full sample

SSRys—TMys (3) 1.53 021 myu—>SSRys 297 0.03*
SSRey —> gy (8) 1.92 0.06* g, —>SSRy, 4.55 0.00%**
SSRuc—> T (12)349 0.00%** 11— SSRy 341 0.00%**
Panel B: 1st subsample (2007-2015)

SSRys—Tys (3) 1.23 031 Mys—SSRys 3.57 0017
SSRey = gy (7) 1.31 0.26 ey =SSRy 4.55 0.00%**
SSRu—> Ty (3) 2.32 008* My —SSRy 441 0.00%**
Panel C: 2nd subsample (2015-2020)

SSRys— Ty (3) 0.09 0.96 Mys —> SSRys  0.96 041
SSRey— Ty (2) 2,55 008*  my,—>SSRy, 034 071
SSRuk—> Tyg (1) 7.50 0.00%** 1, —SSR« 12.38 0.00%**

Panel D: (2020-2023)
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Causal F-statistics p-value Causal F-statistics p-value
direction direction

SSRys— iys (12)1.12 017 mMy—>SSRys 1.21 0.17
SSRey—> g, (12)0.62 046 My —>SSRy, 032 068
SSRuxk— Mk (12)1.83 041 myk— SSRyx 133 0.51

rxx] %% % denote the 1%, 5%, 10% critical levels, respectively. Optimal lags
reported in ().

Appendix Ill: Frequency-domain granger causality tests (traditional interest rates versus inflation)

a) Full Sample
uUS EU
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b) First subsample
UsS

Unconditional Granger-causalityy to x

Unconditional Granger-causality xtoy

Unconditional Granger-causality y to x

Page 12 of 21

EU

Unconditional Granger-causality x oy

3
N 5 3
2 2 ° o 54
5 5, 5 5
] q | o |
e 2o X s l
o3 @ 51 o Qe |
@ o <] 05
g4
T T T T T T ° T T T T T T T T T T T T T T T T T
00 01 02 03 04 05 00 o1 02 03 04 05 00 01 02 03 04 05 00 o1 02 03 04 05
freqgood freq good freqgood freq.good
Unconditional Granger-causality y to x Unconditional Granger-causality x toy
&4 °
° 2 e
5 E‘ °
5 g 2
o ° o
<] [}
s
S T T T T T °h T T T T T
00 01 02 03 04 05 00 01 02 03 04 05
freq.good freq.good



Phiri Future Business Journal

9

GG_x_ori

005

004

003

002

001

(2024) 10:51

¢) Second subsample
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d) Third subsample
usS

Unconditional Granger-causality y to x
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Unconditional Granger-causality y to x
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Appendix IV: Frequency-domain granger causality tests
(SSR versus inflation)

a) Full sample
UsS EU

Unconditional Granger-causality y to x Unconditional Granger-causality x toy Unconditional Granger-causality y to x Unconditional Granger-causality xtoy
g H ?
e s -
&4
£ : :
2 2 ° 2 5
5 5 5 3 5
x 3 o x >
¢ 8] e 2 o @
88 & 8 8
< s
8
el ° 31
T T T T T T T T T T T T . . § § E . . § § § .
00 o1 02 03 04 05 00 01 02 03 04 05 © M 02 03 M s M o 02 M M A
freq.good freq.good freq good freq.good
Unconditional Granger-causality y to X Unconditional Granger-causality X toy
@ g
e S o
B T T T T T ° L T T T T T
00 o1 02 03 04 05 00 o1 02 04 05



Phiri Future Business Journal

b) First subsample
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¢) Second subsample)
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d) Third sub-sample)
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Appendix VI
The arrows inside the wavelet coherence spectrum plots
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indicate the phase-dynamics between the series and offer
information on lead-lag dynamics (i.e., whether ‘inflation’
leads ‘interest rates’ or vice versa) and the ’sign of the rela-
tionship’ (positive or negative). If the variables have posi-
tive (negative) correlations, the arrows’ notations are 1,
/,—and \, (I, /,«, and \), indicating that the series
are in-phase (anti-phase). Furthermore, the arrows orien-
tations specifies whether ‘inflation’ leads (lags) ‘interest
rates, with the arrows 1, /', and — (\|) indicating that the
series are in-phase, with ‘inflation’ leading (lagging) ‘nom-
inal interest rates, whilst the arrows |, /, and « (\) indi-
cate that the series are anti-phase, with ‘inflation x°
leading (lagging) ‘nominal interest rates.
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