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THE STUDY IN BRIEF

With rising inflation top-of-mind for Canadians, a major question is: Can we predict its future? This
Commentary shows that growth in the money supply is a useful predictor of inflation, and examines why
and when.

Since the early 1990s, the Bank of Canada has pursued a successful inflation-targeting strategy. With
inflation, and inflation expectations, safely anchored in the Bank’s target 1-3 percent band, tracking the
growth of money supply in the economy as an aid in forecasting inflation fell out of fashion. In this
Commentary, we examine both the short- and long-run relationship between money supply growth and
inflation and find both matter for monetary policy.

Our results have important implications for the analysis of monetary policy and inflation during
the current pandemic period. Canadian money supply grew in 2020 and 2021 at unprecedentedly high
rates, inflation is now nearly 6 percentage points above the 2 percent target, and measures of inflation
expectations show that inflation is not expected to return to target within the Bank of Canada’s usual
planning horizon of six to eight quarters.

'This paper answers two questions:

* Is there still a long-run relationship between monetary aggregates and inflation despite the disappearance of
the short-run relationship starting in the 1980s?

*  If the main (but not only) explanation for the disappearance of the short-run relationship is the fact that the
target itself is the best predictor of inflation in an inflation-targeting regime, then when the regime is not
operating as expected does the short-run relationship return?

We find that the long-run relationship does, indeed, continue to hold, and did so even during the
inflation-targeting era. We also find that keeping track of money does often reduce the margin of error in
forecasting inflation when the latter deviates substantially away from target, as it does today.

With “trend” money growth (screening out short-term fluctuations over time) now 1.5 percentage
points above where its value was prior to the pandemic, and “trend” inflation not quite half of that, we are
not done with price growth yet, meaning the Bank will have to work extra diligently to anchor inflation
expectations. Accelerating its pace of quantitative tightening (QT') by reducing the oversized quantity of
bonds on its balance sheet and continued forceful communications around the hikes to come should be
part of this effort.
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Until the early 1980s, most economists subscribed to the notion
that there was a significant positive correlation, in both the short
and long runs, between monetary aggregates and inflation.

However, the short-run relationship deteriorated
in the mid-1980s, and today’s central bankers pay
little attention to the growth rates of monetary
aggregates — which measure everything from cash
and bank deposits to Canada Savings bonds, net
mutual fund contributions and more (see Key
Concept Explainer) — in their forecasts of inflation
and when making their monetary policy decisions.
This would seem to discredit monetarism® and
monetary approaches to understanding inflation
and monetary policy, but we argue that this is
not the case.? It is merely an example of a general
principle attributable to Rowe and Yetman (2002)
and Otto and Voss (2014). As stated in the latter
paper, “if the Bank of Canada is strictly (and
successfully) targeting an inflation rate of 2 percent
at a two-year horizon, then current deviations of
inflation from 2 percent should be unpredictable
with any information that was available to the
Bank two years earlier.” This means not only that
monetary aggregates should not be useful to
predict inflation two years out, but neither should
unemployment, the output gap (between actual
and potential economic output), or the Bank of
Canada’s main policy instrument, the overnight

rate. In fact, only the inflation target itself should
predict inflation at that horizon.

'This is, of course, predicated on the central bank
successfully achieving its target. As Figure 1 shows,
this has not been the case of late, with headline
inflation above the top end of its 1-3 percent target
band since April 2021. The Bank of Canada’s recent
surveys of consumer and business expectations show
that inflation is not expected to return to target
within the next two years. Indeed, in February 2022,
consumers’ expectations for inflation over the next
two years averaged more than 4.5 percent (Bank of
Canada 2022, Chart 1). Among firms responding to
the Business Outlook Survey, 96 percent expected
inflation to average at least 2 percent over the next
two years, with over half of those firms expecting
inflation to remain “substantially” above 2 percent
for at least two years (Bank of Canada 2022a,
Charts 10 and 11).

A recent working paper by Papadia and
Cadamuro (2021), looking at data from the
US and the euro area, presents convincing
evidence that confirms this idea. They find that a
strong relationship in the data between monetary
aggregates and inflation exists only in “unsettled

'The authors thank Daniel Schwanen, Rosalie Wyonch, Ted Carmichael, Pierre Duguay, Peter Howitt, David Laidler,

Angelo Melino, John Murray, William Robson and anonymous reviewers for comments on an earlier draft. The authors

retain responsibility for any errors and the views expressed.

1  Monetarism is the school of economic thought that maintains that the money supply (the total amount of money in an

economy) is the chief determinant of current dollar GDP in the short run and the price level over longer periods. See:

https://www.imf.org/external/pubs/ft/fandd/2014/03/basics.htm
2 As have several others before this paper, including, among others, Bergevin and Laidler (2010).
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Key Concept Explainer

Money Supply and How to Measure It

Money supply refers to how much currency and other liquid instruments the public is holding
at a moment in time. There are many different definitions of money supply ranging from the very
narrow, such as cash, to the much broader, such as Canada Savings Bonds. The formal definitions of
these narrow and broad forms of money supply are called monetary aggregates. For our purposes, we
focus mostly on broad monetary aggregates, including M2+, M2++, and M3, but include one form of
narrow money, M1+ as well.

Narrow Measure:

M1+ (gross) — Sum of currency outside banks plus chartered bank chequable deposits (less inter-
bank chequable deposits), chequable deposits at trust and mortgage loan companies, chequable
deposits at credit unions and caisses populaires (excluding deposits at these institutions) and
continuity adjustments.

Broad Measures:

M2+ (gross) — Sum of M2 (gross) plus deposits at trust and mortgage loan companies, deposits at
caisses populaires and credit unions (excluding deposits at these institutions), life insurance company
individual annuities, personal deposits at government owned savings institutions and money market
mutual funds.

M2++ — Sum of M2+ (gross) plus Canada Savings Bonds and other retail instruments plus
cumulative net contributions to mutual funds other than Canadian dollar money market mutual
funds (which are already included in M2+ (gross)).

M3 (gross) — Sum of M2 (gross) plus chartered bank non-personal term deposits, chartered bank
foreign currency deposits of Canadian residents booked in Canada, adjustments to M3 (continuity
adjustments and inter-bank term deposits).

'The Bank of Canada’s conventional monetary policy (i.e., lowering the overnight rate) can grow
the money supply in the economy by encouraging households and businesses to take out more loans,
which increases the asset side of a financial institution’s balance sheet, and is ‘balanced’ by a deposit
on the liability side, increasing either narrow or broad money depending on the type of deposit (e.g.,
chequing versus savings). The Bank can also increase the money supply through unconventional
monetary policy, such as quantitative easing, by:

1) buying up existing bonds at longer maturities, lowering their interest rates, which, again, encourages
increased borrowing, or;

2) buying this debt directly from governments (admittedly, a minority of cases), who then effect a transfer
payment directly to bank accounts.”

*  For a detailed discussion, see Ambler (2022).
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Figure 1: Inflation (YoY), Jan 1992 — May 2022
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Source: Statistics Canada, Table: 18-10-0004-01.

monetary and inflationary conditions.” When retail instruments like saving deposits, in this case

inflation is close to target, “there is no apparent M2++) monetary aggregates. While the growth

relationship between monetary aggregates and rates have come down since their peak, they remain

inflation.” elevated relative to where they have been during the
Figure 1 showed the degree of unsettled inflation-targeting era.*

inflation, and Figure 2 does the same looking at However, even in settled conditions there is a

both narrow (think cash and chequing deposits, robust long-term relationship between monetary

in this case M 1+) and broad (think additional aggregates, “the money supply”, on the one hand,

3 While there is no specific definition for unsettled conditions in Papdia and Cadamuro, for our purposes, we take it to mean
any period where inflation is consistently above the top end of the 1-3 percent target band.

4 Ifinstead we used three-month money growth rates (annualized), the sharp increase at the beginning of the pandemic
would be met with a quicker fall back to more normal levels. However, it is only in the last two months (March and April
2022) where M2++ and M1+ respectively have returned, and fallen below, their pre-pandemic, average inflation-targeting
era growth rates.
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Figure 2: Monetary Aggregates (YoY), Jan 1992 — Apr 2022
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and both nominal income® and prices on the other
hand. In other words, long-run monetary neutrality
— the idea that in the long run, an increase in
money leads eventually to a proportional increase in
nominal income — continues to hold for monetary
aggregates. This has been documented in work

on specific countries (see, for example, Serletis

and Coustas 2019),° as well as for larger panel

studies, which take big groups of countries into

consideration (see, for example, Gao et al. 2021).”
In the Canadian context, past work (see Ambler

1989) has shown that deviations from the long-run

5  Put simply, nominal income is the nation’s total annual value of goods and services including inflation.

6 These authors show that for the United States there is no evidence against long-run monetary neutrality for either narrow

or broad monetary aggregates.

7 'They show that monetary forces are still the dominant cause of movements in inflation. In their words, “the quantity theory
relationships are alive and well.” (See Appendix 1 for an explanation of the quantity theory of money.). Benati (2009)
finds strong evidence of long-run monetary neutrality, and Benati, Lucas, Nicolini and Weber (2021) find strong evidence,
using an international data set, of a stable relationship between narrow money and income. This would imply the long-
run neutrality of M1 as long as the nominal interest rate, which is the relevant opportunity cost of holding money, was

stationary.
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relationship between money and nominal income®

have significant explanatory power for several
Canadian macroeconomic aggregates.” Unsettled
monetary conditions are generally associated with
these large deviations from the long-run trend.
'This paper, using methodologies from recent
academic research, answers two questions:
1 Is there still a long-run relationship between
monetary aggregates and inflation despite the

disappearance of the short-run relationship
starting in the early 1980s?

2 If the main (but not only) explanation for the
disappearance of the short-run relationship is the
fact that the target itself is the best predictor of
inflation in an inflation-targeting regime, then
when the regime is not operating as expected
does the short-run relationship return?

We find in response to question 1 that the long-run
relationship does, indeed, continue to hold, even
during the inflation-targeting era. Trend money
growth is about 1.5 percentage points higher than
it was in February 2020, and, if history is any guide,
trend inflation must catch up. It has begun to,
but has deviated from its long-run trend by only
0.7 percentage points so far, meaning more
to come.'
'The results of our statistical tests show that
if trend money growth changes, trend inflation
catches up only gradually and with a lag. Four
percent of the gap created by a change in trend
money growth is eliminated each month, so, with

the caveat that much else can influence an economy
over time, trend inflation would catch up in a little
over two years."!

In response to question 2, the results are more
mixed. Keeping track of money does reduce the
forecasting error for inflation when the latter
deviates substantially away from target, but the
results are not always significant. However, in
periods of unsettled inflation, an increase in money
growth in the previous period causes a significant
increase in inflation in the current period.

'The results have strong current policy
implications. First, getting money growth rates
under control is critical to stabilizing inflation. A
positive first step occurred in March and April with
quarterly growth rates (annualized) finally falling
below their inflation-targeting era pre-pandemic
average. Second, with money’s upward deviation
from its long-run trend, even if money growth rates
are stabilized, we will likely see inflation above
trend for a period of time. If true, to drive the
reduction in money growth, and thus slow down
inflation, we will likely be in line for more hikes to
the overnight rate than predicted.

We discuss our methodology in detail in Box 1.
We then present the main results along with our
answers to the two questions above. The conclusion
summarizes the results from the point of view of the
Bank of Canada’s current conduct of monetary policy.

8 In other words, deviations of the velocity of circulation from its long-run trend. In economics, velocity of circulation is

defined as the number of times one dollar is spent to buy goods and services per unit of time.

9 The paper uses a statistical model known as a vector error correction model (VECM), in which the growth rate of each
variable depends on the growth rates of all other variables, plus, when there is a stable relationship that links the levels of
some of the variables, on the deviation of that relationship from its long-run value.

10 As we discuss in Appendix 2, we use the Hodrick-Prescott filtering technique, which removes cyclical components from

time series data, giving us a smooth time series trend curve, sensitive only to long-term fluctuations.

11 Other factors can and will play a role in the future path of inflation, not least of which are a bevy of supply-side issues due

to both the pandemic, and the ongoing war in Ukraine.
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Box 1: Methodology

The Long-run Relationship Between Money Growth and Inflation

To answer the first of our two questions — whether the long-run relationship between money growth
and inflation still holds — we follow Gao et al. (2021) who go beyond, but borrow heavily from,
Lucas (1980). The idea in the Lucas paper is to take existing data and separate out two components:
a short-run component, which contains responses to short-run shocks, and a long-run or structural
component. By doing so (which makes use of what are called linear filtering techniques) we can use
the long-run component to evaluate the true underlying structural relationships between difterent
variables. In our case, they are monetary aggregates (money growth) and inflation. The extensions in
the Gao et al. paper, which we follow, include:

* the use of a different filter, in this case the Hodrick-Prescott (HP) filter, which uses a more precise
concept of the long-run factors driving a particular data series; and

* an update of the data set to include the COVID-19 pandemic.

'The additional contribution of our paper is to study the relationship for the Canadian case.
Incorporating the pandemic period, which coincided with unprecedentedly rapid money growth (as
we saw in Figure 2), allows us to analyze how looking at monetary aggregates could help the Bank
of Canada navigate through these particularly troubled waters.

'The HP filter is used to decompose the data, as just described, into a trend (long-run or
structural) component and a cyclical component (short-run, subject to short-lived shocks). The filter
depends crucially on a parameter that determines how smooth the resulting trend series is. The goal
is to choose a value for that parameter which is just sufficient to remove all high-frequency or short-
term fluctuations. Details of how we choose the value of this parameter are in Appendix 2.

We then graph the long-run relationship between monetary aggregates (year-over-year
growth rates) and headline inflation (year-over-year changes in CPI),* and ask how strong it
appears over both the pre-inflation-targeting and inflation-targeting eras. We cannot quantify
the relationship using simple correlations since these “trend” variables will be non-stationary.?
Instead, we supplement the analysis by testing for the presence of a long-run statistical relationship
(cointegration) between money growth on the one hand and inflation on the other hand (with

details in Appendix 2).

The Short-run Predictive Power of Money

Our interest in the second question comes from the findings of De Grauwe and Polan (2005)
as confirmed in Papadia and Cadamuro (2021), which is that the strong short-term relationship
between money growth and inflation appears in unstable conditions, typically characterized by

a  Both monetary aggregates and CPI data come from Statistics Canada.
b To do so would create the well-known statistical problem of spurious correlations.
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Box 1: Continued

inflation rates well above target — a situation we face today, as we saw in Figure 1. In other words,
periods of high inflation lead to improvements in the ability of money growth to help forecast
inflation over the near term.

Papadia and Cadamuro test this hypothesis by forecasting inflation one quarter ahead using data
up to a certain moment in time, and then updating the forecast regression quarter by quarter as
“new” data become available (i.e., update the information set of the person hypothetically doing the
forecasting).

'They use four different standard methods for forecasting and compared the forecast values with
the observed values, obtaining what’s called the mean squared forecast error for each, with the
smallest error being the model that has the most predictive power.

We use the same four models to answer the second question, with some minor adjustments for
the Canadian context. The models are as follows (the mathematical specification for the models can

be found in Appendix 2).

1. 'The constant inflation model assumes the best forecast of inflation to be the Bank of Canada’s
inflation target, 2 percent.

'The random walk model assumes the best inflation forecast to be last period’s inflation.

3. 'The lagged inflation model predicts inflation based on a regression of inflation on its past observed
values.

4. 'The lagged inflation and money supply growth model predicts inflation based on a regression on its

past observed values plus past values of money supply growth, similar to the approach used in Fischer
et al. (2009).

Because we do not want to use overlapping inflation observations in our forecasting models, we use
quarter-over-quarter (annualized) changes in CPI for inflation. We keep the year-over-year money
growth variables, using the final month’s growth rate as the value for that quarter to determine
money growth. Given the ease with which Canadians can move money back and forth between
narrow forms of money (such as chequing deposits) and broad forms of money (such as savings
deposits), our preference was to use the latter.®

With the methodology for these two questions in mind, let’s turn to the results.

¢ 'This is the most significant difference from Papadia and Cadamuro as their random inflation model assumes the
best inflation forecast to be based on inflation’s sample average and distribution. In our view, this puts too much
weight on past inflation that may not be reflective of the forecaster's currently available information.

d  We run the same forecast of the lagged inflation and money growth model with a number of broad money measures
and come to similar conclusions.
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Figure 3: Co-movements between Trend Inflation and Trend Money Growth, Jan 1969 — Apr 2022

Percent
15.0 -
100 1.5 percentage point
’ Broad Money (M2++) growth since Feb 2020
50 -4
. 0.7 percentage point
Inflation growth since Feb 2020
0
T T T T T T
1970m1 1980m1 1990m1 2000m1 2010m1 2020m1

Source: Authors’ calculations using data from Statistics Canada.

RESULTS inflation. Figure 3 shows how the trend component

] ) of our broad money measure (IM2++) varies with

We break down the results into the two questions. oA
trend inflation.

'The results are striking. From the period from
Answer to Question #1 1969 to the late 1990s, the money growth and
inflation paths are quite similar, with money growth
clearly leading inflation. From about the turn of the
century until the beginning of the pandemic, the

'The first question is whether the long-run
relationship between money growth and inflation
still holds. To answer it we create the low-frequency

trend inflation component remains very close to
or trend components for both money growth and p y

2 percent (unsurprisingly, given the success of the

12 Our data sample includes a little over a year of data from the fixed exchange rate period, which lasted until May 1970.
This does not change the results. In fact, since it is generally recognized that monetary policy is less effective under fixed
exchange rates, in principle, the results would be stronger if the sample was restricted to the flexible exchange rate period.
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Bank of Canada in hitting its target), while money
growth is a little less stable, although not much.®

'The spike in M2++ at the end of the sample
is due to the policy response of governments and
the central bank to the pandemic. Households
and firms received large transfer payments at the
beginning of the pandemic, financed by borrowing.
Household savings rates exceeded 25 percent in the
second quarter of 2020, an unprecedented level.

Given the strength of the long-run relationship
between money growth and inflation, we expect
the recent uptick in inflation to be more than just
a temporary phenomenon, with higher inflation
for a period of time. The M2++ trend growth rate
is approximately 1.5 percentage points higher than
it was just before the pandemic in February 2020.
Trend inflation has only recently started to catch
up, and is now 0.7 percentage points above its pre-
pandemic level.

For formal confirmation, we looked at evidence
for cointegration — a meaningful long-run
relationship that links particular variables — between
money growth and inflation. As we discuss in
Appendix 2, we find such a relationship both in
the pre-inflation-targeting era, and, though more
mixed, in the inflation-targeting era.' Using this
relationship, we can test how quickly trend inflation
will catch up to above trend money growth.
Results suggest the catch up rate is approximately
4 percent per month, meaning — absent other
economic shocks — the gap created by a change in
trend money growth will be eliminated by higher
trend inflation in a little over two years.

Answer to Question #2

Our answer to the first question makes clear

that the long-run relationship between money
growth and inflation holds. With money’s trend
component increasing because of the pandemic, and
with inflation yet to catch up, we expect the trend
component of inflation to increase as well, keeping
inflation elevated for a while yet

But this doesn’t tell us much about the short-
run relationship: Can changes in money growth’s
cyclical components tell us anything about the
cyclical changes in inflation? Can we forecast
inflation better using models that incorporate
money growth?

Over the inflation-targeting era the answer
has been no. That is not surprising since the best
predictor of future inflation in a well-anchored
inflation-targeting regime will be the target itself
(see Otto and Voss 2014). However, with inflation
spiking across the globe, and in Canada, where
the most recent reading in May was 7.7 percent,
there is a danger inflation expectations will become
unanchored. Such a scenario might then mirror
what we saw in the 1970s, when short-term money
growth was a strong predictor of short-term
inflation.

As mentioned above, we can test this theory
using the empirical methodology found in Papadia
and Cadamuro (2021). Specifically, using historical
data, we can test different forecasting models, with
one in particular containing information provided
by monetary aggregates, and compare their forecast
errors, where the lowest error rate shows the model
with the best predictive abilities. We focus on broad

13 We perform the same exercise with M1++, M2+, and M3. The results are broadly consistent with this story, though the
narrow M1++ measure is much more volatile in the post-2000 period.

14 'The fact that it weakens in the back half of the inflation-targeting era is not surprising. We would argue that, on the whole,

this dichotomy between the pre-inflation targeting and inflation targeting eras reinforces the point that the relationship

between money growth and inflation becomes more apparent when inflation is unstable, as it is now.
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Table 1: Forecast Error Differentials Across Forecasting Models

Model Type Full Sample (80Q1 -22Q1) 1980Q1 -1991Q4 IT Period (92Q1 -22Q1)
Fixed 69.9 256.7 v
Random 81.4 11.6 126.6
Lagged 41.7 10.8 75.5
Lagged with M2++ i v 23.8*

monetary aggregates, and, in particular, M2++, given
it had the tightest link to inflation in a structural
sense (as we saw in Figure 3). Technical details
concerning the regressions are in Appendix 2. The
results are presented in Table 1.

In each column, the numbers indicate the
increase in the root mean squared forecast error
of a particular model, measured in basis points,
compared to the best model over the given sample,
which is indicated with a “V”.

The “fixed” inflation model assumes the best
torecast of inflation to be the Bank of Canada’s
inflation target, 2 percent. The “random” walk
model assumes the best inflation forecast to be
last period’s inflation. The “lagged” inflation model
predicts inflation based on a regression of inflation
on its past observed values. The “lagged inflation
and money supply growth model” predicts inflation
based on a regression on its past observed values
plus past values of money supply growth, similar to
the approach used in Fischer et al. (2009).

With respect to the inflation target being the
best predictor of future inflation, it is not surprising
that it does the worst of all in the pre-inflation-
targeting period (column 2), and best of all in the
inflation-targeting period (column 3). The random
inflation model does poorly (relative to the others)
in the inflation-targeting period and full sample,
but does well in the pre-inflation targeting era.

Adding money to the lagged inflation model
typically represents an improvement in forecasting
ability. It does best overall in both the pre-inflation-
targeting era, and the full sample model, the
former consistent with the results of Papadia and
Cadamuro (2021). Interestingly, as the “” signs
indicate in the table, the difference between the
lagged inflation and lagged inflation with money
models is significant during the inflation-targeting
(and full sample) period, but not in the pre-
inflation-targeting period. That said, the coefficient
(not shown) on money growth in the lagged
inflation with money model is significant in the
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more unsettled pre-inflation-targeting era, and loses
its significance if we restrict ourselves only to the
inflation-targeting era.”

Combining our answers to the first and second
questions, the implication of our results is that
the loss of money as a significant predictor in
forecasting future inflation lies not only in the
Banks’ shift to inflation-targeting, but also in
inflation being well anchored at the Bank’s target.
In more unstable inflationary periods, such as the
pre-inflation-targeting era and the current post-
pandemic period, tracking money growth does
indeed add value to forecasting models.

POLICY IMPLICATIONS AND
CONCLUSIONS

Our results have strong policy implications. The
Bank should monitor trend monetary growth more
closely and track deviations of trend money growth
from trend inflation, in particular when inflation is
unsettled, as it is now. Such deviations are strong
predictors of future changes in trend inflation. The
results of our statistical tests show that if trend
money growth changes — as it has to the tune of
1.5 percentage points higher than pre-pandemic

— trend inflation catches up only gradually and
with a lag. Trend inflation’s catch-up is only 0.7
percentage points so far, indicating more is to come

Four percent of the gap created by a change in
trend money growth is eliminated each month, so
trend inflation, in the absence of other economic
shocks, would catch up in a little over two years.

Our results have important implications for
the analysis of monetary policy and inflation
during the current pandemic period. Canadian
monetary aggregates grew in 2020 and 2021 at
unprecedentedly high rates, inflation is now nearly
6 percentage points above target, and measures of
inflation expectations show that inflation is not
expected to return to target within the Bank of
Canada’s usual planning horizon of six to eight
quarters. Money growth rates have come down in
recent months, but it will take some time for trend
inflation to follow this decrease. As a result, the
Bank will have to work extra diligently to anchor
inflation expectations. Accelerating its pace of
quantitative tightening (QT') and continued
forceful communications around the hikes to come
should be part of this effort.

Monetary aggregates are relevant for predicting
tuture changes to inflation. Money should be
reintegrated by the Bank of Canada into its
forecasting and monetary policy processes: more
timely measures of these aggregates would be a
good start in this regard.

15 Results available upon request.
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APPENDIX 1: THE QUANTITY THEORY, MONETARY NEUTRALITY AND
VELOCITY

'The quantity theory of money states that money times the velocity of circulation (velocity for short) is
equal to nominal income. Mathematically,

M V,=PY,

where M, is a monetary aggregate, V, is velocity, P, is the price level, and Y, is real income (real GDP). P, Y,
is nominal income.

'The equation is just an identity since velocity is defined to be the ratio of nominal income over the
money supply. The theory gains predictive power when supplemented with the hypothesis that velocity is
relatively stable (or at least predictable), depending in a reliable way on a small number of variables such as
the opportunity cost of holding money (the appropriate nominal interest rate).

Velocity can fluctuate, especially in turbulent times. But, if it has a stable long-run average or follows a
slow-moving trend (as it appears in Figure A1 using M2++ as our monetary aggregate), then an increase
in money will be associated with a proportionate increase in nominal income. If money cannot aftect real
income in the long run (monetary neutrality), then an increase in money will lead to an increase in prices.!
See Friedman (2008) for more details on the quantity theory of money.

Figure A1: Velocity (PY/M), 1969Q1-2022Q1
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Sources: Statistics Canada, Tables: 10-10-0116-01 and 36-10-0104-01.

16 Not quite proportionate since the change in real income (which is exogenous to money in the long run) has to be taken into
account.
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APPENDIX 2: ADDITIONAL METHODOLOGY NOTES AND RESULTS

Filtering the Data

For any time series y, (measured in logs, so that the first difference of the variable measures its growth
rate), the Hodrick-Prescott filter calculates a long-term or trend component 7, by solving the following
constrained minimization problem:"’

H}itn (Z(J’c -7)°+ AZ((TK+1 1) — (& — Tt—l))z)'

'The first term penalizes deviations of the original series y, from trend component z,. The second term
penalizes abrupt changes in the growth rate of the trend component. The 1 parameter governs how heavy
the penalty is. When 4 = 0, there is no penalty and the solution is to set the trend component equal to the
series itself. As A approaches infinity, the trend approaches a linear trend line.

Like Gao et al. we discipline the choice of 4 to the appropriate business cycle narratives in Canada over
our time frame. We test different values of 4 to make this point clearer to the reader.

In order to extract out the appropriate low frequency data, we must ensure that the resulting series
does not contain obvious cyclical features. Furthermore, the cyclical component must be consistent with a
business cycle narrative that fits with real life results. We use the Bank of Canada’s Bank Rate,® as in Gao
et al,, to help us create the cyclical narrative, as tightening cycles and loosening cycles tend to mimic the
underlying business cycle.

It is helpful to think in terms of the Taylor rule (Taylor 1993), which fairly accurately models the

behaviour of many central banks:
it =i+ gfr(n-t - T[*) + gy(yt - y*) + £t

where i, is the central bank’s policy rate, i" is the neutral rate of interest, x, is the inflation rate, 7" is the
inflation target, y, is real GDP, y" is potential GDP, and ¢, is an error term. The central bank aims to
stabilize the economy around the inflation target and potential output. We want to choose 4 such that
(approximately) , = 7" and y, = y", which removes the second and third terms, leaving only the influence of
the slow-moving i on the policy rate.

17 'The cyclical component is just the original series minus its trend component, or (y,— 7).
18 Data are more readily available on the Bank Rate than the Overnight Rate, which is actually the Bank of Canada’s
monetary policy instrument. The two are very closely related.
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Figure A2:Trend Bank Rate: Jan 1969 — Apr 2022, 1=129,600
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Sources: Authors’ calculations and Statistics Canada, Table: 10-10-0122-01.

'The default value of 1 economists use to extract the long-run or low frequency component of a data
series follows Ravn and Uhlig (2002), who set 4 = 1600p; where p, is the number of periods per
quarter. This implies that for monthly data, with 3 months in a quarter, 4 = 1600 x 34 = 129,600.

Figure A2 compares the actual Bank Rate with the low frequency Bank Rate using the Ravn and Uhlig
smoothing parameter. The results indicate that this is likely too small a smoothing parameter since we can
still quite clearly see when the Bank of Canada was undertaking particular tightening cycles.

We then test an alternative, increasing 4 to 1,000,000 (Figure A3). In this case, the low frequency data
is much smoother and one cannot tell when the tightening cycles are occurring.

We must also ensure that the cyclical (high-frequency) data left over from the use of the larger 1 is
compatible with the actual Bank Rate. Figure A4 shows that this is the case. There is a clear improvement
in the long-run trend component (since it eliminates visible cyclical components) without sacrificing the
cyclical component."’

19 We note that the number of tightening cycles for each A is 11, where we define the length of the cycles as the number of
months in between two crossings of the zero horizontal line. We exclude any crossing that lasts less than 6 months. The
average length of these cycles is 2-2.5 years, which is one year less than Gao et al. obtain for the US (3.5 years).
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Figure A3:Trend Bank Rate: Jan 1969 — Apr 2022, 1=1,000,000
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Sources: Authors’ calculations and Statistics Canada, Table: 10-10-0122-01.

COINTEGRATION TESTS

Both of our variables of interest (money growth
and inflation) have trends, meaning they are non-
stationary variables. In such a context, correlation
coeflicients can be misleading: high correlations
may be entirely spurious. Cointegration tests

ask whether some linear combination of non-
stationary variables is stationary.?’ If there is such
a combination, the two variables are said to be
cointegrated, and there is a meaningful long-run
relationship that links the variables.

We looked at both the full sample period and
inflation-targeting period to see whether there
was a cointegrating relationship. Using a Johansen
(1995) test for cointegration, we find that there
exists such a long-run relationship between
monetary aggregates and inflation, though with
stronger results in the pre-inflation-targeting era,
reinforcing the results we see in Figure 3 in the
body of the text.?!

When these cointegration relationships between
variables exist, one can use what’s called an error

20 Technically, cointegration doesn’'t have to mean non-stationary to stationary, it can simply mean going from an order of

integration d to an order of integration less than d.
21 Results available upon request.
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correction model to determine the speed at which our dependent variable — in our case inflation — returns
to its equilibrium after a change in the independent variable — in our case, money growth. We run a two-
equation error correction model with the change in inflation and the change in money growth as the
dependent variables. The equation for the change in inflation can be written as follows:

Am = 00 + 01AT—1 + 2Amy_y + a(m—1 + Bo + Priu—1) + &,

where 7 is the inflation rate, m is money growth, A means a variable is difterenced, and J;, a, and f, are
coeflicients. The term in brackets gives the cointegrating vector (i.e. the stationary linear combination of
nonstationary variables) and a gives the speed of adjustment towards equilibrium if the vector is away from
its equilibrium value.

We find f; to be equal to -0.818, which means there is close to a complete pass-through in the long
term from money growth to inflation in our sample.?? Our estimate of the speed of adjustment coefficient
a is -0.042. Both coeflicients are significant at the 1 percent level. This means that if money growth is
above its equilibrium value, inflation will catch up or converge to the different rate of money growth at the
rate of 4.2 percent per month.

SHORT-TERM PREDICTION MODELS

'The detailed specifications of the four different prediction models analyzed by Papadia and Cadamuro
(2021) are as follows. The forecast errors of each model are used to calculate their mean squared forecast
errors.

1 Constant inflation: assume the best forecast of inflation is the Bank of Canada’s inflation target, 2 percent. In
mathematical terms,

T,=n +e,
where 7, is the predicted inflation rate at time ¢, 7" is the inflation target, and ¢, is the forecast error.
2 Random walk inflation model: the best inflation forecast is last period’s inflation. In mathematical terms,
=1 T &,
where 7, is the previous period’s inflation rate.

3 'The lagged inflation model: inflation is predicted based on inflation from the previous p periods, with weights
based on the following regression:
m=atb ., ,+tbhm,+..tb,m,te,

where the b;, i =1 ... p are the estimated weights, @ is a constant term, and where the choice of the number
of lags p is based on the Akaike Information Criterion (AIC). Technically, this is what is known as an AR(p)

model, where “AR” denotes “autoregressive.”

22 While the absolute value of this coefficient gets much smaller in the inflation-targeting era, we argue that the environment
we are currently in at least resembles some of the pre-inflation-targeting era, making the full sample calculation appropriate
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Figure A4: Cyclical Component of the Bank Rate, Jan 1969 — Apr 2022
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4 Lagged inflation and money supply growth model (or AR(p) with money): inflation is predicted based on
both inflation and money supply growth from the previous p periods, with weights based on the following

regression:

T,=a + b] T + b2 7[1—2+ ...t bp nt—p+ C1 X + Cy x,,2+ ...t Cp Xip + &y

where the 4, ¢, 7= 1 ... p are the estimated weights, a is a constant term, and «, is money supply growth at
time #. For consistency, we use the lag structure from model 3.

'The full sample forecasting period extends from January 1980 to April 2022 at a quarterly frequency.

The pre-inflation-targeting forecasting period runs from January 1980 to December 1991.% The sample
forecasting period for the inflation-targeting period itself runs from January 1992 to April 2022. For tests
which involve running regressions to estimate parameters prior to forecasting (the AR(p) model and the

AR(p) with money model), the original sample period runs from January 1969 to December 1979 for

23 As with the long-run analysis, the results do not change if we restrict the sample to include only the flexible exchange rate

period beginning in June 1970.
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Table Al: Mean Squared Forecast Error of Different Forecasting Models

Model Type Full Sample (80Q1 -22Q1) 1980Q1 -1991Q4 IT Period (92Q1 -22Q1)
Fixed 0.0013669 0.0027013 0.0008376
Random 0.0014534 0.0007544 0.0017306
Lagged 0.0011665 0.0007498 0.0013318
Lagged with M2++ 0.0008991** 0.0006921 0.0009813*

both the full sample period and the pre-inflation-targeting period, and from January 1969 to December
1991 for the inflation-targeting period. Observations before January 1980 (or before January 1992 for the
inflation-targeting period) are required to estimate the model’s parameters in order to initiate our out-
of-sample forecasts. The optimal number of lags for the AR(p) model was one according to the Akaike
Information Criteria test. As noted in the text, the regressions were re-run in every new forecast quarter to
incorporate new information.

In the text we reported the root mean squared error differential across forecasting models. Here we
report, as do Papadia and Cadamuro, the mean squared forecast error for completeness’ sake.
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