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Understanding the relationship between money growth and inflation has a long history both in economic 

theory and empirical analyses. Our wavelet analysis of this relationship at low frequencies in the euro area 

shows that it has weakened over the 1990s. However, we find evidence of stable co-movement between money 

growth adjusted for real GDP growth and inflation for cycles of 24 years and longer duration. The 

corresponding long-run fluctuations move roughly about one-to-one and without economically significant 

time lags (no lead of money growth). However, due to limitations inherent in our wavelet-based approach our 

analysis does not provide information on recent developments. 
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1. Introduction  
 

The quantity theory of money predicts a stable long-run one-to-one relationship between the growth rate of the 

money supply and the inflation rate. However, empirical analyses suggest that there is strong variation in the 

relationship between money growth and inflation over time.  

 

This relationship has been analysed using a variety of approaches. In an early analysis, Lucas (1980) used moving 

averages of money growth and inflation for the US computed within the time period from 1953 to 1977 and 

estimated a slope coefficient close to unity. In a sample of 160 countries, DeGrauwe and Polan (2005) found no 

significant relationship between money growth and inflation when money growth is low (below 15%) in a 

regression based on long-term averages. Similar results for inflation rates below 12 % were obtained by Teles et 

al. (2016) for OECD countries. They show that the fit of the regression can be improved when correcting money 

growth for GDP growth and interest rate effects applying theory-based elasticities. For countries pursuing 

inflation targeting the correlation between both variables tends towards zero.  

 

Sargent and Surico (2011) apply a frequency decomposition to the estimated parameters of a time-varying vector 

autoregressive model for the US from 1875 to 2005, controlling for GDP growth and interest rates. They find 

instability in the low-frequency relationship between money growth and inflation and attribute this variation to 

changes in monetary policy (based on simulations of a DSGE model).  

 

Benati (2009) used spectral analysis and accounted for possible changes in the relationship between money 

growth and inflation by using rolling windows. He showed coherency between these variables to be stable over 

time in many countries, i.e. that there have been common movements in long-run money growth and inflation. 

However, time variation in the gain, which can be interpreted as a regression coefficient, was quite substantial. In 

his explanation episodes with a low gain occur when money demand shocks are the dominant driver of trend 

money growth. In a more recent analysis Benati (2021) applied the concept of long-run covariability to assess the 

relationship between long-run fluctuations in money growth and inflation in 17 economies, focussing on cycles 

with periods beyond approximately 30 years. The evidence of a one-to-one relation diminishes after 1985.  

 

In Mandler and Scharnagl (2014) we applied techniques from wavelet analysis to quarterly euro area data from 

1970 to 2012. The results indicated a strong co-movement close to a one-to-one relationship in particular in the 

low-frequency band of 24 to 32 years where money growth is leading inflation but show the co-movement to 

weaken during the 1990s for medium-to-long run fluctuations.  

 

Recently, we updated our analysis using a sample up to the second quarter of 2022 (Mandler and Scharnagl, 

2023). This allows us to investigate the relationship between money growth and inflation in the euro area over a 

longer period of time and at lower frequencies.1 In this policy brief we present a summary of our results. 

 

2. Methodology  
 

Wavelet analysis as a form of spectral analysis decomposes time series into cyclical components of different 

frequencies. Whereas standard tools of spectral analysis assume stationarity of time series, wavelet analysis 

relies on flexible periodic functions (wavelets) with finite support. These wavelets can be adapted to different 

frequencies by stretching and widening their support. Shifting the wavelet over time allows for time variation.2 

Our analysis is based on the so called Morlet wavelet which is widely used in economic applications.  

1 We also modify the bootstrap algorithm for significance testing to account for potential heteroscedasticity. 

2 For an introduction to wavelet analysis, see e.g. Aguiar-Conraria and Soares (2014), Deutsche Bundesbank (2019), 

pp. 71 or Rua (2012).  
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Figure 1: Heatmap of correlation between money growth and consumer price inflation in the euro area 
as measured by wavelet coherency 

Note: Heatmap of wavelet coherency, which can be interpreted as a time and cycle-length dependent 
measure of correlation. Correlation rises from zero (dark blue) to one (dark red). Black lines 
surround episodes and cycle lengths with coherency different from zero at the 5% significance level. 
Results below the curved red lines suffer from start- or end-point problems and are less reliable. 

In our analysis we focus on three statistics: (i) Wavelet coherency is a measure of the time- and frequency-

specific local correlation of money growth and inflation. (ii) The frequency-dependent cross-spectral gain can 

be interpreted as the coefficient of a regression of inflation on money growth at a specific frequency or within a 

specific frequency band and at a specific point in time. (iii) The time lag is based on the time- and frequency- 

dependent phase difference of the series and shows for each frequency and at each point in time whether money 

growth is leading or lagging inflation.  

 

3. Results 

 

Figure 1 shows the estimated coherency between the annual growth rate of money (M3) and HICP inflation. 

Coherency varies between zero (dark blue) and one (dark red). The results below the curved red lines (cone of 

influence) are affected by start- and end-point problems and should not be interpreted. The areas within black 

lines highlight time-frequency combinations for which coherency is significantly different from zero. The upper 

part of the Figure shows the results for the annual growth rate of M3, the lower part for an adjusted measure of 

money growth (M3-GDPR) that is obtained by subtracting the annual growth rate of real GDP from the annual 

growth rate of M3. This adjustment follows Teles et al. (2016) and Gao et al. (2021). It is based on the intuition 

that rearranging the quantity equation shows that, for a given velocity of money, fluctuations in inflation should 

be related to fluctuations in excess money growth, i.e. money growth minus real output growth. 
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Between the end of the 1980s and the early 2000s, we find a strong and stable correlation between cycles of the 

annual growth rate of adjusted M3 growth and inflation for cycles with a length of 24 years and above. For 

headline M3 the correlation in this frequency band is less stable, declines in the early 1990s and becomes 

insignificant. In the other frequency ranges the correlation is generally much smaller and not significant, except 

for short subsamples for the adjusted money growth measure.  

Figure 2: Cross-spectral gain and time difference  

Figure 2 (left panel) shows the frequency-specific cross-spectral gains for cycles of periods between 24 and 32 

years, i.e. cycles for which Figure 1 indicated coherency close to one for M3-GDPR and a large but declining 

coherency for headline M3. For both definitions of money growth cross-spectral gains are close to unity, although 

slightly decreasing over time. Figure 1 shows significant correlation between six-to-ten year cycles in adjusted 

money growth and inflation from 1980 to the early 1990s. The gain of these cycles (not shown) starts at similar 

values as in Figure 2 but declines faster and is below one in the mid-1990s. 

 

The right panel in Figure 2 displays the frequency-specific time differences between cycles in money growth and 

inflation. The vertical axis shows the time difference in years averaged over results for cycles lasting between 24 

and 32 years – the cycle durations for which Figure 1 indicated significant coherency. If the time difference is 

negative, money growth is leading inflation. In the right panel of Figure 2 the adjusted growth rate of M3 is 

leading inflation by about one quarter. The estimated lead of headline M3 growth is about two years. However, it 

has to be kept in mind that the co-movement between M3 growth rate and inflation is strongly reduced after the 

mid-1990s in Figure 1.  

 

One limitation of our wavelet analysis is due to the fact the wavelet functions into which each time series is 

decomposed are symmetric: At each point in time the estimation includes past data as well as future 

observations, and this “window” becomes wider as the duration of the cycles increases. This reflects in the 

shrinking of the area between the curved red lines as when moving downward in Figure 1. As can be seen in the 

Figure, this implies that the time period for which we can interpret our results concerning the relatively long 

cycles for which coherency is large is relatively short and does not go up to recent times. ∎  
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