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l. Introduction

There ardwo types of monetarpaggregatendexes simple sum index used
by central lanks and Divisiaaggregatandex (Barnett 1980). The question is
whatcan we know from different monetary inde®d® answer this question,
we have to address # series ofundamental issue in business cycle theory
and monetary policyWhat is the nature of market dynamics? The market
fluctuations are inherently stable or unstale®v to understand the cause of
market crash or financial crisid?ow to conduct monetary policy based on
observation from monetary indexes

There arethree corflicting schools in business cycletheory. The
equilibrium schoolof efficient marketbelieves that business cyclesare
exogenous procesdriven by random shosek(Frisch 1933, Friedman 196
The disequilibrium school focuseson the fragile features of market
fluctuations, such akevy distribution (Mandelbrot 1963), power law (Gabaix
et al 2003), and Black swan (Taleb 2018) financial data The
self-organizationschoolof viable marke{Chen 2010kan be characterized by
biological clock (Schumpeter 1939) and spontaneous @kieyek 1969). A
viable market can be seen frorargistent cycles inonlinear norequilibrium
dynamics such azolor chaos and the birteath procesghen1996a,2002.
The parametric approach in econometrics is hard to distinguish the three
competing schoolf economic thoughissince economic time series are
nonstationary in natureWe analyzing economic time series by nonlinear
approaches developadphysics.

In 198-1988, weapply nonlinear dynamics ianalyzing economic time
series. & discoveredempirical and theoretical evidence @onomic chaos
from monetary indexes M2, @M2, DDM3, DML, and D5M2 (Barnett and
Chen 1988, Chen 1988) The existence of monetary chaaggvealed
endogenous mechanism monetary dynamicsin 19941996, we apply
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time-frequency analysis indirectly observing the timepath of frequency
pattern fromnonstationaryeconomic indexes. ®/observed stable frequency
varying with narrow frequency band that could be explained by color chaos in
continuoustime (Chen 199&, 1996b. After 208 financial crisis,we studied
market instability by the birtdeath process and high moment analysis of
financial time series. We fowl regime change and critical point during
financial crisis (Tang and Chen 2014, 201Hgre, we reexam monetary
indexesby time-frequency (TF) analysiafter financial crisis.

The timefrequency(TF) analysis could directly display the frequency path
in time-frequency space throudtD and3D representation ofF distribution
from nonstationary time series (Qiaand Chenl996). e first apply the HP
filter to separate a growinfjuctuating time serieqnto a smooth trend series
and afluctuating cycle seies around the trendso that we can compare the
observed frequency patteof cycle seriesvith business cycle theory (Hodrick
and Prescott 1981, 1997ANe found out that MB (monetary base) did reveal
the shorterm effect of monetary policy during cssiperiod (2002015)
However, other indexes, including12, MZM from Fed and DM3, DMA4T,
DMA4T- from CFS (Center for Financial Stabilitygll of themshow remarkable
resilience of frequency pattern in tinpath Its economic implication needs
further studyin economic theory and monetary policy.

In the following sections, wegive main results of TF analysis of simple

sum and Divisia indexes.

[I. The Time-Frequency (TF) Analysis of HP Filtered Cycle Series of
Simple SumMonetary Indexes

In this section, wapply TFanalysisto studysimple sum monetary indexes.
We found out that both M2 and MZM index had stable frequency path while

MB had uneven path during crisis period.

(2.1) Typical Features of TF analysidn the Case ofM2 Series



Let 6s S t M2r monetary tindex to show mairtechnique and
correspondingesults by means of TF analysis

We first apply the HP filter to separate the logarithiMiz time series into
trend (the upper plot) and cycle (the lower plot) seiires-ig.1la The data is
monthly ®ries from FederaReserve Bank in St. Louis (19@D17).Its TF
distribution of cycle seriess shownin 2D representatiom Fig. 1bh and 3D

representatiofthe lower plot) inFig.1c.
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Fig. 1a.LogarithmicM2 monthly series are separated by the HP filter
into a smoothtrend (the upper plot) areh oscillatingcycle (the lower
plot) series. Herel, =14400 for monthly dataData source is Federal

Reserve Bank in St. Louis.
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Fig. 1b. The 2Drepresentation of TF distribotn from M2 cycle series.
There is a clear frequency time path in the low frequency domain (close to

the bottom line).

x10°°

v LA o o v oW

140

Fig. 1c. The 3D representation of Tdistributionof M2 cycle serieslts
time X-axis is pointed to the right, ifsequency Y-axis is pointed to the
left. Its intensity Zaxis is pointed to théop. An uneven distribution is

parallel to the time axis.

From Fig. 1c,lhere is a narrow cyclic band parallel to time axis. Its vertical
amplitude is erratic. These are typical feasunépersistencycles with erratic

amplitude and narrow frequency band,

and described by ficolor chaosodo in cont
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Based orBBD distribution inFig. 1c, we can trace the time path of the peak

TF distribution that is shown in Fig. 1d.
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Fig. 1d. The time path of the peak period of M2 cycle series.

The peak period varies between 1 and 10 years with average about 4 years,
which is in the same order of NBER business cycles.

We introducea new mesure of RD (relativaleviation), which is the ratio
of the standard deviation of the cycle series to the maare of the trend
series within a moving time windo¢Chen 2009)RD is an indicator of market
variability (MV). Its unit is percentag@o).

Thetime path of RD from M2 series is shown in Fig. Y& can see that
RD changed slowly over time, which was stable even during the crisis period

(20072015). RD is a good indicator of market resilience.
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Fig.le. Market Variability MV measured by the relse deviationRD
of M2 cycle serieslt shows remarkable stability over time including

crisis period (20020154

(2.2) TF analysis of MZM index
We apply the above techniques to analyze andingple sum MZM index
from Fed Its resultsareshown in Fig. 2All the TF representation plots from

MZM series show similar features of resilient frequency in time path.
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Fig. 2a.The trend and cycle series of MZM index series.



Fig. 2b. ThelF distributionof MZM cycle series.

Fig. 2c. The timgoath of peak TF distribution of MZM cycle series.



