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Abstract

Financial crises have been followed by different inflation paths which are
related to monetary aggregate developments during those crises. This paper
characterizes the empirical relationship between money and inflation, account-
ing for monetary policy and financial sector transmission as well as equilibrium
changes and non-linearity issues. The relationship is shown to have been stable
and similar in crisis and normal times. The methodology can for example ex-
plain why the financial crisis in Argentina in the early 2000s was followed by a
sustained high inflation whereas Japan experienced deflation in the 1990s and
2000s despite quantitative easing. The potential effects of current quantitative
easing on inflation increases over the next years are much larger when broad
monetary aggregates are considered than with analyses of interest rate spreads.

JEL classification: E52; E58; E4l

Keywords: Quantitative easing; Financial crises; Monetary aggregates; In-
flation

*Swiss National Bank, Boersenstrasse 15, 8022 Zurich, Switzerland. Phone: +41 44 631 3216.
Email: samuel.reynard@snb.ch. The views expressed in this paper do not necessarily reflect those
of the Swiss National Bank. Draft prepared for the EABCN conference “Money is Back”, April
2012, London. I am thankful to seminar participants at the Bank of Italy, Bank of Japan and Swiss
National Bank for comments on preliminary results, as well as to Fernando Avalos and Nao Sudou
for data and comments on Argentina and Japan.



1. Introduction

The main issue faced by central bankers in the current environment, with short-
term policy interest rates at the zero lower bound, is how to evaluate the potential
consequences of quantitative easing policies (QE) on future inflation. Central banks
have limited experience with QE, and economic research has largely ignored the analy-
sis of quantities, i.e. monetary aggregates, over the past 20 years. Recent research has
thus focused on estimating the potential effects of changes in risk and term premia
affected by QE on macroeconomic variables.

This paper characterizes the empirical relationship between monetary aggregate
and price levels, in normal as well as in crisis times. It relates inflation developments
after some of the relatively recent major financial crises described in Reinhart and
Rogoft (2008, 2009) to monetary policy reaction and financial sector transmission in
terms of monetary aggregates during those crises. The current version of the paper
focuses on the crises and policy responses in Argentina (early 2000s), Japan (1990s
and early 2000s), the US (1930s) and Switzerland (early 1990s). It then assesses the
potential consequences of current monetary policy reactions to the recent financial
crisis for inflation from the point of view of recent monetary aggregate developments.

The analysis presented in this paper shows that historical episodes of crises have
been accompanied by different monetary stimulus, which were function of policy and
financial sector transmission mechanisms as well as equilibrium changes and non-
linearity issues. This has resulted in different inflation paths during and after the
crises. For example, the analysis can explain why the financial crisis in Argentina in

the early 2000s was followed by a sustained high inflation whereas Japan experienced
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deflation in the 1990s and 2000s despite quantitative easing.

The methodology is based on a long-run equilibrium analysis involving money,
prices, real GDP and interest rates, and an analysis of dynamic relationship between
money and price levels. The relationship is stable and similar across countries, in
normal times as well as during episodes of financial crisis. The relationship between
money and price levels can be characterized as follows, in a cointegrating relationship:
price levels follow money levels, with a lag; however, when money levels decrease, price
levels do not (or just barely) decrease; in that latter case, inflation remains near zero
until the money level increases back above the price level. In other words, prices
follow money levels in a proportional and linear way in high inflation environments,
and the analysis uncovers a non-linear relationship between money and subsequent
price levels that is similar across countries when inflation is close to zero.

The non-linearity when inflation is close to zero needs to be accounted for to assess
the effects of monetary policy at low inflation. This represents an issue for standard
econometric modeling and can explain the observed weak relationship between money
growth and inflation in low inflation countries.

Not only can monetary aggregates explain different inflation trends accross coun-
tries and time, but persistent money movements always lead persistent changes in
inflation, usually by several years. The fact that money is useful to predict persistent
inflation movements and changes in inflation trends is particularly useful relative to
the New Keynesian literature, where models are linearized around a given inflation
steady state or exogenous trend.

Section 2 presents the methodology to characterize the empirical relationship be-

tween money and inflation; section 3 compares the behavior of money and inflation



during and after financial crises, as well as in normal times; section 4 assesses the po-

tential consequences of recent QE on future inflation, and the last section concludes.

2. Characterizing empirically the money-price relationship: methodology

The starting point of the methodology used in this paper is the quantity theory of

money (QT), represented by equation (1),

M-V, =P,-Y,, (1)

where M,, P, and Y; are the money, price (CPI or GDP price deflator) and real GDP
levels, respectively, and V; is the velocity of money. Over time, with output at its
potential and velocity at its equilibrium, changes in prices should be proportional to
changes in the money level. However, as pointed out by Nelson (2003), Friedman
(1985) noted that “[a] break in the trend of velocity [...] has been observed when-
ever and wherever accelerating inflation has been succeeded by disinflation”. These
equilibrium velocity movements, or opportunity cost reactions of money demand to
changes in inflation environments, have also been pointed out by Wicksell (1906),
Barro (1982) and McCallum (1990). This paper models equilibrium velocity as a
function of interest rate to reflect changes in inflation environments.

The methodology is similar to Reynard (2007). First, the long-run relationship
between the variables mentioned above, i.e. money, price, interest rate and output
levels, is estimated, with unit coefficients imposed on money, price and output. This

estimates the effect of interest rate on the velocity of money, i.e. a long-run money



demand. The money level adjusted for equilibrium changes can then be expressed as

m; =c+my —y; + Biy, (2)

where c is the regression constant, m, is the observed money level, y; is real potential
GDP, (3 is the estimated interest rate semi-elasticity, and 7; is a low-frequency fil-
tered interest rate reflecting low-frequency changes in the opportunity cost of money,
i.e. equilibrium velocity changes occurring in disinflation and accelerating inflation
episodes.? In fact, for most countries considered, this velocity adjustment accounts
for the downward trend in inflation and interest rates since the 1980s. All variables
except interest rates are in logarithms.

As in Reynard (2006, 2007), the choice of monetary aggregate is based on the
transaction concept. The monetary aggregates considered are broad aggregates rep-
resenting funds readily available at no cost to buy goods and services. They represent
the money creation by the banking sector, which is a variable function of the mon-
etary base or central bank money. The chosen monetary aggregates are thus M2 in
Argentina, Japan and Switzerland, and M2- in the US.

Thus the observed money level is adjusted by potential output to reflect the fact
that when potential output increases, a corresponding increase in money is not infla-
tionary. And it is also adjusted by the interest rate times the estimated semi-elasticity
of money demand to account for the fact that, for example in a long-lasting disin-
flationary environment when inflation and interest rate decrease, the corresponding
increase in money demand reflecting the decline in opportunity cost is not inflation-

ary: the price level does not increase with the money level given that equilibrium

?Data sources and money demand estimations are described in the appendix.



velocity decreases.

The empirical strategy is thus to first impose the long-run adjustments required
by the quantity theory of money, and then to analyze the dynamics between the
adjusted money and price levels. For money to be useful in predicting inflation, the
adjusted money and price levels should trend together and money movements should
lead inflation developments. This is what the empirical analysis will confirm, in crisis
as well as in normal times. Prices follow adjusted money levels in a proportional
and linear way in high inflation environments, and the analysis uncovers a non-linear
relationship between money and subsequent price levels that is similar across countries

when inflation is close to zero.

3. Money and inflation after financial crises

This section presents the evolution of monetary aggregates and inflation during
and after financial crises episodes, and compares the relationship between money and
inflation in crisis and normal times. The analysis presents long and short-run re-
lationships between money and price movements once long-run adjustments derived
from the quantity theory are imposed. This will help understanding why many empir-
ical studies have concluded against a useful link between money and inflation. The
principal characteristic is that the link between money and inflation is different in
high and low inflation environments, with the latter characterized by a non-linear
relationship. As a result, it is difficult to empirically characterize the influence of
money on inflation using standard linear econometric models.

The empirical regularities uncovered in this section show however that the link

between money and inflation in financial crisis episodes has remained stable and



that different inflation outcomes can be related to different monetary developments
during financial crises. The section starts with the Swiss case, which is particularly
interesting as inflation has been very low over the past four decades with an average
of only 2%. As as a consequence, the relationship between the money and price levels
that characterizes economies with inflation close to zero, as we will see for the other
countries considered, can be analyzed over a long period. After a detailed description
of the behavior of money and prices in the Swiss low inflation case, the section pursues
to show that the same relationship holds in the other countries when inflation is close

to zero, and contrasts it with the relationship in high inflation environments.

3.1. Switzerland

Switzerland is not considered in Reinhart and Rogoff’s (2009) study of financial
crisis episodes. However, Swiss nominal house prices decreased by about 35%, or 12%
in real terms, between 1989 and 2000 (peak to trough), i.e. about at the same time
as the Japanese financial crisis. The real house price decline corresponds to the US
episode of the 1930s. The Swiss case can thus also be used to assess the effects of
monetary policy during and after a financial crisis.

Figure 1 displays the velocity of M2 together with the 10-year govenment bond
nominal interest rate. There is a clear stable long-run relationship between the four
variables considered, i.e. the money, price, real GDP and interest rate levels. The
interest rate semi-elasticity of money demand f used to compute m; is estimated at
0.09.

Figure 2 displays the relationship between adjusted money (m;) and price (p;)

levels. Increases of money above price levels have been followed by proportional
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increases in the price level and persistent increases in inflation after a lag of about 3
to 4 years. There is however a clear non-linear pattern in the relationship between
money and price levels. The price level does not decline after decreases in the money
level, nor does it increase when money increases while below the price level.

This can be seen more clearly on Figure 3, which displays excess liquidity as the
difference in percentage points between m; and p, of Figure 2, together with inflation.
Excess liquidity has been forwarded by 3 years on Figure 3 to see more clearly the
relationship with inflation and the leading information of money.

When the money level is above the price level, i.e. when excess liquidity on Figure
3 is positive, the price level increases after a lag of about 3 to 4 years. The speed of
upward price adjustment, i.e. inflation, has been a stable function of the amount of
excess liquidity, i.e. of the distance between the money and price level. The lag from

the increase in money level to the increase in price level can take several years. On
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the opposite side however, when the money level is below the price level, i.e. when
excess liquidity is negative, the inflation rate does not turn negative. There are thus
apparent downward nominal rigidities. An important fact is then that when money
growth increases while the money level is below the price level (as for example around
1993), inflation does not increase. This can lead to low and insignificant effects of
money growth on inflation in linear econometric models.

As we will see with the other economies considered, the non-linear relationship
displayed on Figure 3 between excess liquidity and inflation has been stable across
countries when inflation has been low, and contrasts with periods of high inflation
when there is a linear and proportional relationship between money and price levels.

Turning now specifically to the financial crisis episode of the early 1990s, when
house prices decreased strongly in Switzerland, the money level first decreased strongly

with the financial crisis and stress in the banking sector, which was followed by a
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decade of disinflation and weak real GDP growth. Inflation remained near zero per-
cent despite a strong increase in money growth around the mid-1990s, as the money
level remained below the price level, i.e. excess liquidity was negative. There was
thus no monetary stimulus transmited through the financial sector during the housing
crisis, and prices remained stable. The disinflation and stable price environment after
the crisis was thus consistent with the money-price relationship in normal times at

inflation rates close to zero.

3.2. Japan

Figure 4 displays the velocity of M2 together with the 10-year govenment bond

nominal interest rate. After relatively stable but high interest rate and velocity in
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the 1970s, both variables declined with the decline in inflation since the 1980s. The
interest rate semi-elasticity of money demand g used to compute m; is estimated at
0.04.

Figure 5 displays the relationship between adjusted money (m;) and price (p;)
levels. Both adjusted money and price levels have been trending together. The trend
was particularly steep in the 1970s and flat since the 1990s. The case of Japan is
interesting as it covers two inflation environments: inflation was relatively high in the
1970s, and close to zero since the mid-1980s. These two environments of high and
low inflation can be characterized differently, the first with money growth rates, and
the second with excess liquidity.

Figure 6 displays the growth rate of M* with inflation. In the 1970s and up to

the mid-1980s, when inflation was high, money growth is followed by corresponding
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inflation. The relationship is linear and one-for-one. From the late-1980s however,
inflation was close to zero, and the relationship between money and prices can be
characterized, as in the Swiss case, by a non-linear relationship. This can be seen
on Figure 7, which displays excess liquidity as the difference in percentage points
between m; and p; of Figure 5, together with inflation.

The focus on Figure 7 should be since the second part of the 1980s, as the earlier
period can be well characterized by a one-for-one link between money growth and
inflation, i.e. earlier positive or negative excess liquidity represent changes in money
level trends and are followed by corresponding inflation swings. Since the mid-1980s
however, inflation has been close to zero and the relationship between money and

prices has become non-linear. The relationship between excess liquidity and inflation
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is similar to the Swiss case where inflation has been close to zero; the proportions of
the scales are the same on both the Japanese and Swiss graphs. This means that the
speed of upward price adjustment to an excess money relative to prices is similar.
Inflation has usually remained close to zero as money has been significantly above
the price level during only two episodes since the mid-1980s. First in the late 1980s
/ early 1990s, which was accompanied by a persistent but relatively small increase in
inflation. And second, money picked up significantly since 2009, which given monetary
policy lags should lead to higher inflation in the next years. Note two additional facts.
First, there was an an increase in VAT in 1997, and second, during the mid-2000s
excess liquidity was only slightly positive, at around 3%, and prices remained stable.
Turning now specifically to the financial crisis episode of the early 1990s, in Japan as

in Switzerland, the money level decreased and remained low (i.e. below the price level)
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during the 1990s, following the financial crisis in the early 1990s. This was followed
by disinflation and inflation close to zero. In the late 1990s, money increased strongly
but remained below the price level, thus inflation remained close to zero. During
the period of quantitative easing in the early 2000s, the broad money level remained

relatively stable, only slightly above the price level, and thus inflation remained close
to zero. The financial sector was not in good health and thus could not participate
in the money creation that should have followed the Bank of Japan QE in the early
2000s.
Recently, the money level started to increase strongly above the price level since
2009. Thus in contrast to the early 1990s and early 2000s, monetary policy has been
accomodating and, at the same time, commercial banks have participated to the

money creation. The upward effects on inflation have not been observed yet, which is
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in line with the long (3 to 5 years) lags usually characterizing low inflation economies.
QE should this time lead to an increase in inflation, in contrast to the money increase
of the late 1990s or QE in the early 2000s, as it is the first time since the late 1980s

that money grows substantially above the price level.

3.3. Argentina

In Argentina, the 10-year interest rate is not available and money demand with
short-term rates is not stable, so I do not make the equilibrium velocity adjustment.
Thus in this case the money level m; has only been adjusted by potential output, and
by a constant representing the mean of M2 velocity. Figure 8 displays the relationship

between the adjusted money and price levels.
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As the economy has been characterized by high inflation, the proportional and
linear link between money and price levels is very tight. In the early 1990s, Argentina
adopted a currency board, and money growth and inflation dropped. Figure 9 shows

the same graph as above but only since the 1990s.

-10

T T T T T T T T T T T T T T T T T T
1994 1996 1998 2000 2002 2004 2006 2008 2010

—— m* (log, rhs)
---—-p (log, rhs)
———Inflation (%, lhs)

F1c. 9. Money and Prices - Argentina (since 1990s)

The same non-linear relationship as in the Swiss and Japanese cases appears when
inflation is close to zero during the currency board. The money level has been below
the price level during the currency board, and inflation was close to zero. The finan-
cial crisis started in 2001. Money supply first decreased for a short time, but then
increased sharply with the “pesification” of bank accounts. When the currency board
was dropped in 2002 and the pesos was devalued, the price level adjusted immedi-

ately to the previous increase in money supply. Then, after a small and brief decline,

16



money supply increased very swiftly since 2003, and inflation followed. Contrary to
Switzerland and Japan where the money supply decreased in the 1990s, in Argentina

the money level increased during and after the financial crisis, and so did inflation.

3.4. US in the 1930s

Figure 10 displays the velocity of M2 and the commercial paper rate in the US for

the period around the financial crisis of the 1930s.
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Interest rates and velocity decreased with the decline in inflation from the 1920s
to the 1940s, and increased thereafter. The interest rate semi-elasticity of money
demand [ used to compute m; is estimated at 0.06.

Figure 11 displays the relationship between adjusted money (m;) and price (p;)

levels. Contrary to the other countries and periods considered above, there was no
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downward price rigidity in the US around the 1930s. Prices followed money levels
proportionally, even when the money supply contracted as in the 1930s. As in Japan
and Switzerland, and contrary to Argentina in the financial episodes analyzed above,
during the financial crisis of the 1930s money supply contracted in the US. This was
accompanied by deflation. Thus, in this episode of financial crisis, inflation can again

be related to monetary developments.

——m* (log, rhs)
-----p (log, rhs)
———Inflation (%, lhs)

F1G. 11. Money and Prices - US in the 1930s

4. Potential consequences of current QE

This section analyzes the recent relationship between money and inflation in the US
and the potential consequences of QFE for inflation. Figure 12 displays the velocity of

M2- and the 10-year T-bond interest rate. Both velocity and long-term interest rate

18



have been trending downward since the early 1980s. The interest rate semi-elasticity

of money demand [ used to compute m; is estimated at 0.04.

16

1.6 +——r——r - 0
1980 1985 1990 1995 2000 2005 2010

—— M2- Velocity (log, 1hs)
---- 10-year T-bond Interest Rate (%, ths)

Fic. 12. Velocity and Interest Rate - US

Figure 13 displays the relationship between adjusted money (m;) and price (p;)
levels. Both periods of excess liquidity since the 1980s, i.e. when m; > p;, were
followed by persistent increases in inflation. Figure 14 displays excess liquidity as
the difference in percentage points between m; and p; of Figure 13, together with
inflation. Excess liquidity has been forwarded by 2 years on Figure 14 to see more
clearly the relationship with inflation and the leading information of money.

The scales are the same as in the Swiss and Japanese cases. A particularity of the
US case is that the non-linearity, which starts at around 0% inflation in Switzerland
and Japan, generally starts higher at around 2% inflation in the US. There thus seems

to be nominal rigidities that prevent US inflation to go much below 2%, except in
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exceptional circumstances, like the recent crisis, when inflation followed the decrease
in excess liquidity down to close to zero percent. It is unclear what determines that
2% threshold. A potential explanation could be that prices are stable at that level
given measurement issues with respect to quality improvements.

In contrast to the crisis episodes in Japan and Switzerland in the 1990s as well as in
the US in the 1930s, but similar to Argentina in the 2000s, the US money level has not
decreased during the recent financial crisis. Excess liquidity has been slightly negative
in 2006 and 2007, but has been positive and increasing substantially since 2009 due
to an expansionary monetary policy and money creation by the banking system. The
upward effects on inflation of the recent high excess liquidity have just started, which

is in line with the long (3 to 5-year) lags characterizing low inflation countries. The
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decrease in inflation during the crisis as well as the current increase in inflation are
consistent with standard relationship between excess liquidity and inflation, in crisis
as well as normal times. Current excess liquidity should thus lead to a persistent
increase in inflation over the next few years. This contrasts with analyses of potential

effects of QE based on interest rate spreads.

5. Conclusions

The analysis presented above shows that the inflation outcomes in the years fol-
lowing financial crises has reflected the evolution of broad monetary aggregates in
response to those crises. The relationship between money and inflation is similar in
crisis as in normal times. Excess liquidity has always been followed by persistent

increases in inflation. The potential effects of current quantitative easing on inflation
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increases over the next years are much larger when broad monetary aggregates are
considered than with analyses of interest rate spreads.

Future versions of the paper will analyze additional episodes of financial crises.
There is also a need to econometrically model the non-linear relationship between

money and price levels. This is left for future work.?

3Kugler and Reynard (2012) find clear econometric evidence of non-linear relationships between
money and price using a threshold vector error correction model.
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Appendix 1: Data sources

[incomplete]

Bank of Japan; FRED; IFS; Bank of Argentina; private sources for Argentina
provided to me by Fernando Avalos; US data for the 1930s episode are from Balke
and Gordon (1986) and were provided to me by Luca Benati.

y; is computed potential output where available, otherwise HP-filtered real GDP.

1y is the HP-filtered nominal interest rate.
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Appendix 2: Money demand estimation

[incomplete]

The money demand or cointegrating relationships between money, price, real GDP
levels and interest rate, where unit coefficients have been imposed on money, price
and real GDP levels, have been estimated by OLS. Thus here an income elasticity
of unity is imposed. Reynard (2006, 2007), using dynamic least squares (Stock and
Watson, 1993), shows that an income elasticity not significantly different from unity
is found with US and Swiss data.

Results for the different countries are relatively similar, with the following estimated

interest rate semi-elasticity 5 and sample periods:

6] Sample
Swiss M2 0.09 1976Q1-2011Q3
Japan M2 0.04 1972Q1-2011Q3
US M2 0.06 1910Q1-1960Q4
US M2-  0.04 1977Q1-2010Q4

Table 1. Interest Rate Semi-Elasticity Estimates
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