
Do Demographics Affect Monetary Policy Effectiveness
in Canada?∗

Jeremy Kronick
C.D. Howe Institute
jkronick@cdhowe.org

Steve Ambler
ESG UQAM, C.D. Howe Institute

ambler.steven@uqam.ca

March 2018

Abstract

Using a panel of macroeconomic data for Canada and its ten provinces, we estimate
the effectiveness of monetary policy from the mid-1980s until the present. Then we
relate the change in monetary policy effectiveness to macroeconomic factors including
demographics, specifically changes in the old-age dependency ratio. We find that infla-
tion targeting has had an ambiguous impact on the effectiveness of monetary policy in
Canada. Changing demographics have unambiguously reduced this effectiveness. This
helps to explain tepid inflation since the financial crisis and may eventually undermine
the effectiveness of Canada’s inflation targeting regime.

∗We thank Rosalie Wyonch, John Crow, Pierre Duguay, Paul Jenkins, David R. Johnson, David Laidler,
David Longworth, Angelo Melino, John D. Murray, Angela Redish, and Pierre Siklos for comments on a less
technical version of this paper. Remaining errors are our responsibility.
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1 Introduction

A large number of countries have adopted inflation targeting (IT) since the early 1990s.

Overall, the experiment with IT has been very successful,1 at least until the onset of the

financial crisis and the Great Recession in 2007-2008. However, since the crisis inflation has

been systematically under target in many countries in spite of rock-bottom interest rates

and different forms of unconventional monetary policy such as quantitative easing. Canada

has not been spared this phenomenon. Since 2010 inflation in Canada has averaged 1.5

percent, below the 2 percent target. This paper asks what role demographic changes, in

particular an aging population, have had on monetary policy effectiveness.

The economic context of inflation targeting and the transmission of monetary policy has

changed gradually over the last 30 years. Most notably, real and nominal interest rates

have decreased gradually (with a sudden decrease at the onset of the financial crisis and

the Great Recession), and long-run neutral interest rates are now lower than they were.

This has important consequences for central banks, since the probability that policy rates

will be pushed by negative shocks to their effective lower bound has increased, and this

leaves less room for reducing policy rates in order to stimulate demand.2

One of the main influences on long-term real interest rates is demographic change.

Population growth has been slowing in developed economies, putting a brake on the rate of

increase of the size of active populations. Slower population growth translates into a lower

long-term equilibrium real interest rate. Furthermore, changing demographics can in

principle affect the effectiveness of monetary policy because of differing impacts of changes

in interest rates on different age cohorts: this means that the population age pyramid

matters for the response to changes in central banks’ policy rates. In turn, this occurs

mainly because individuals’ and households’ wealth over the life cycle is not constant.
1See Parkin (2016).
2See Ambler (2016) on the challenges facing monetary policy in a low interest rate environment.
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In Canada, the median age in 1971 was 26.2, and has steadily risen, reaching 40.6 in 2017.3

Additionally, for the first time there are now more Canadians over 65 than under 15

(Robson 2017). Offsetting some of this increase in median age is the fact that life

expectancy has increased, which has led some to delay retirement. As populations age and

workers approach retirement, savings rates tend to increase, pushing down long-term

interest rates. The neutral rate of interest in Canada has fallen over the past 10 years and

now sits, according to the Bank of Canada, somewhere between 2.5 and 3.5 percent.

Additionally, the relationship between the level of economic activity and inflation has

weakened gradually over the last 30 years. This has often been referred to as a flattening of

the Phillips curve, and has been shown to be true in most industrialized economies. The

implications of this phenomenon are mixed. On the one hand, if long-run inflation

expectations are tied to the inflation target, imbalances between demand and supply are

less likely to move inflation from target. On the other hand, it can also mean that central

banks, in order to alter inflation rates, must affect aggregate demand and output even

more than before.4

The goal of this paper is to examine the impact of demographics on the effectiveness of

Canadian monetary policy over time. We use a two-stage estimation procedure, similar to

that of Imam (2015). In the first stage, we use a Bayesian time-varying structural vector

autoregression (TVC-BVAR), where we take advantage of a new data set from Champagne

and Sekkel (2017) for a more appropriate identification of Canadian monetary policy

shocks. Indeed, this new shock series helps to alleviate the price puzzle that arises from

standard SVAR setups. We use this TVC-BVAR to estimate monetary policy effectiveness

over the 1985:Q2 to 2015:Q4 period. Monetary policy effectiveness for our purposes will

refer to both the maximum and the cumulative increase/decrease in both inflation and
3CANSIM Table 051-0001.
4Carney (2017) notes that economies have become more open and the nature of international trade has

changed, with global value chains boosting trade in intermediary goods. He claims that for this reason
inflation has become a much more globalized phenomenon since the financial crisis.
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unemployment.

In the second stage we exploit a database of macroeconomic variables for a cross section of

Canadian provinces and use dynamic panel estimation to evaluate the impact of

demographics on Canadian monetary policy effectiveness. By exploiting these provincial

data sets we provide a more accurate assessment of monetary policy effectiveness in

Canada, in comparison to Imam (2015) who focuses on a cross section of different countries.

Our primary finding is that demographic change has reduced monetary policy effectiveness.

Since monetary policy has been expansionary for the bulk of the period under analysis, the

implication is that lower interest rates have not, all other things being equal, led to as

much increased borrowing and demand, and this has depressed inflation levels as well as

the real economy as a whole.5 We find that the interest rate and credit channels are

important transmission mechanisms highlighting the fact that an aging population tends to

have lower debt levels — as the need for significant borrowing decreases — and are

therefore less sensitive to movements in interest rates. Our conclusion is that demographics

is a plausible partial explanation for why inflation has been unable to reach higher levels

post-crisis, despite considerable monetary policy stimulus.

The rest of the paper is structured as follows. In the following section, we review different

possible channels for monetary policy effectiveness, not all of which imply the same sign for

the relationship between the old-age dependency ratio and monetary policy effectiveness.

In the third section, we summarize our econometric methodology and results. In the fourth

section we do some sensitivity analysis, including discussing the results with different lag

timing. The fifth section concludes.
5Juselius and Takats (2015) find that demographics accounts for one-third of the variation in inflation

across a set of countries over the 1955-2010 time period. They find a U-shaped pattern implying that higher
inflation is more likely in populations with more dependents (i.e. more young and old). They also show that
monetary policy has both reinforced this relationship and mitigated it at different points over the course of
their sample period.
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2 Different Channels for Monetary Policy

Effectiveness

In this section we look at the three primary transmission channels discussed by Imam

(2015): the interest rate channel, the credit channel, and wealth channel.6

2.1 The Interest Rate Channel

The interest rate channel follows from the life cycle hypothesis (Modigliani 1966).

Households accumulate debt as they go through the early stages of adulthood, but as they

age they are able to pay off this debt and end up creditors by the time they hit life’s later

stages. Younger households are therefore more sensitive to changes in interest rates since

they need more credit. In this case, monetary policy has a reduced impact on an aging

population.

2.2 The Credit Channel

The credit channel is related to the interest rate channel. As households age, they have

higher net worth and possess significantly more collateral. It is therefore cheaper for them

to borrow should they need to (this is known as having a lower external finance premium).

The smaller this finance premium the less sensitive households are to changing interest

rates. Young adults have a higher external risk premium. Once again, the implication is

that monetary policy has a reduced impact on an aging population.
6He also discusses three “less studied and more difficult to discern” channels including the risk-taking,

expectation, and exchange rate channels. Readers are referred to Imam (2015) for more details. See also
Mishkin (1996) for a general discussion on the transmission channels of monetary policy.
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2.3 The Wealth Channel

While the interest rate and credit channels work in the same direction (aging leads to less

effective monetary policy), the wealth channel has the opposite impact. As societies age,

the population tends to own more assets, and have greater net worth. The more assets one

has the more sensitive one is to changes in interest rates. This is exacerbated by the fact

that these assets tend to be fixed-income products and are by their very nature interest

rate sensitive. Therefore, we expect monetary policy to generate larger real effects through

the wealth channel.

In addition to assessing the net change in monetary policy effectiveness in Canada — and

the role an aging population plays — we test the role the interest and credit channels play.

Lack of data unfortunately prevents an evaluation of the wealth channel.

3 Methodology and Results

The methodology used in this paper is based on Imam (2015), which in turn is based on

the seminal paper of Primiceri (2005). Imam uses a panel of different countries to exploit

cross-country variations in demographics to identify the impact of demographic changes.

We use a panel of Canadian provinces to do the same for Canada. Canada’s provinces can

be viewed as part of a currency union. In this respect our methodology is similar to that of

Georgiadis (2015), who uses a panel of euro area countries to identify the impact of

differing economic structures on the monetary transmission mechanism. In the first stage

of the empirical analysis we estimate the changing effectiveness of monetary policy over

time, and in the second stage we relate monetary policy effectiveness to changing

demographics while controlling for other macroeconomic effects.
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3.1 Stage-One Methodology

In the first stage, we estimate a time-varying coefficient Bayesian vector autoregression

(TVC-BVAR), which establishes the impact of monetary policy on inflation and

unemployment over time. Time-varying coefficients are necessary in order to allow the

impact of monetary policy shocks on inflation and unemployment to change over time.

Estimating a vector autoregression allows us to estimate the impact of one variable on

another when the direction of causation is unclear.

One major change from the work in Imam is the assumptions we use to identify monetary

policy shocks. Imam’s results for Canada show a significant delay in the drop in prices

following a contractionary monetary policy shock. This so-called “price puzzle” is

consistent with other studies (for example Grilli and Roubini 1996) that estimate monetary

policy shocks using a system of three equations for inflation, the unemployment rate, and

the central bank’s policy rate, in that order.7

One way of removing this price puzzle is the narrative approach pioneered by Romer and

Romer (2004). This method (in the US context) uses minutes of Federal Open Market

Committee (FOMC) meetings in order to generate a time series of intended changes to the

Federal Funds Rate (FFR). Using minutes in the US context was necessary for many years

since the FOMC did not always explicitly target the FFR. In Canada, it is easier as we

have always used an explicit target and can thus see the intended rate change simply by

evaluating how the overnight rate target differs from one meeting to the next.

However, the intended change itself is not exogenous. To extract the exogenous portion we

need to estimate the Bank of Canada’s reaction function, and subtract what amounts to an

expected change from the actual change. We do this following Champagne and Sekkel
7Variable ordering is a standard way of identifying structural shocks in the literature. Shocks to the

policy rate are assumed to have no contemporaneous effect on variables that precede the policy rate in the
model.
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(2017). Their explanatory variables consist of:

• one- and two-quarter ahead forecasts of real output growth and inflation;

• the now-cast and the real-time one quarter lag of these variables;

• revisions to the forecasts relative to the previous round of forecasts;

• the intended policy rate two weeks before the meeting;

• the unemployment rates over the previous three months.

Champagne and Sekkel’s major departure from the Romer and Romer reaction function is

that they also control for lagged levels and changes of the FFR and the lagged USD/CAD

nominal exchange rate.

To control for change in the Bank of Canada’s monetary policy regime, the authors break

their sample in two: 1974–1991, and 1992–2015. If the market understands this reaction

function, regressing the actual change in the policy rate on these variables leaves a set of

residuals, which represents the true set of exogenous monetary policy shocks. They are

spliced together across the sub-samples.

Once we have the monetary policy shock series we can move to the system of equations

mentioned earlier (i.e. inflation, unemployment, and the Bank of Canada’s policy rate) and

replace the bank rate with this new series. Generally, variables in structural vector

autoregressions are non-stationary, so the shock series — which is stationary by

construction — is cumulated in order to make it consistent with the other series.

We depart from Champagne and Sekkel by ordering the shock variable ahead of inflation

and unemployment. We do this because if the shock is identified properly, and the Bank

follows its own mandate of targeting inflation in the medium term, there should be no
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contemporaneous impact of inflation and unemployment on the shock series.8 We also

depart from the authors in the variables we do believe impact the monetary policy shock

variable contemporaneously. Like Champagne and Sekkel we add the Bank of Canada’s

commodity price index (ordered first). However, we also add FFR ahead of the shock. We

do this because, while the reaction function incorporates lagged FFR, at a quarterly

frequency we believe there are contemporaneous impacts of US monetary policy on the

Bank’s monetary policy decisions.

Formally, we define our vector of variables for each province as yt =
[
pt, i

US
t , it, πt, ut,

]
,

where pt is the commodity price index, iUSt is the Federal Funds Rate, it is the monetary

policy shock series, πt is Canadian or provincial inflation, and ut is the Canadian or

provincial unemployment rate. Therefore, the time-varying coefficient model for each

province is as follows:

yt = µt + δ1,tyt−1 + δ2,tyt−2 + ...+ δp,tyt−p + β0,t
−1εt, (1)

where δi,t, i = 1, ....p is a k × k matrix of time-varying coefficients, εt is a k × 1 vector of

heteroskedastic shocks with covariance matrix Ωt. In vectorized form this becomes

yt = X
′

tδt + β−1
0,t Σtet, (2)

with

X
′

t =
[
In ⊗ (1, , y′

t−1y
′

t−2, ..., y
′

t−p

]
and

V [et] = Ik.

8Champagne and Sekkel change the variable ordering as a robustness check and find no change to the
results. We do as well at the aggregate Canadian level and find the same thing, but with our analysis of
provincial inflation and unemployment it makes more sense to order these variables last since Canadian
monetary policy does not in principle react to provincial variables.
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The covariance matrix has the following structure:

Ωt = β−1
0,t ΣtΣ

′

tβ
−1
0,t , (3)

where with five variables we define β0,t and Σt as:

β0,t =



1 0 0 0 0

β1,t 1 0 0 0

β2,t β3,t 1 0 0

β4,t β5,t β6,t 1 0

β7,t β8,t β9,t β10,t 1


,

and

Σt =



σ1t 0 0 0 0

0 σ2t 0 0 0

0 0 σ3t 0 0

0 0 0 σ4t 0

0 0 0 0 σ5t


. (4)

These definitions are standard in the literature and allow for both time-varying coefficients

and stochastic volatility (Koop and Korobilis 2009).

We assume that the parameters of interest δt, βt = [β1,r, β2,t, ...β10,t] and

log(σt) = log [σ1t, σ2t, σ3t, σ4t, σ5t] follow random walks, implying that the covariance matrix

follows a random walk:

δt = δt−1 + eδt ; (5)

βt = βt−1 + eβt ; (6)

log(σt) = log(σt−1) + eσt . (7)
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All shocks are jointly normally distributed with a covariance matrix as in Imam (2015):

V = V





et

eδt

eβt

eσt




=



Ik 0 0 0

0 V δ 0 0

0 0 V β 0

0 0 0 V σ


. (8)

We estimate (2) subject to (5) through (8). The estimation is run using a Gibbs Sampler

where we perform 10,000 runs with a burn-in length of 2,000 in order to get closer to the

desired ergodic distribution.

3.1.1 Data

Outside of the monetary policy shock series from Champagne and Sekkel (2017) described

above, our data sources include Statistics Canada, the Bank of Canada, and the Federal

Reserve Economic Data database. All-items CPI data in CANSIM Table 326-0020 are used

to calculate year-over-year inflation rates for Canada and the ten provinces. We use the

labour force survey in CANSIM Table 282-0087 to get seasonally-adjusted unemployment

data for Canada and by province. We use the commodity price index from the Bank of

Canada, while we gather Federal Funds Rate data from the Federal Reserve Economic

Data database. Our sample period covers 1985:Q2 to 2015:Q4, and all variables are

measured in percentages.

3.2 Stage-One Impulse Response Function Results

The results are summarized by the impulse responses given in Figures 2 through 12 in

Appendix A. The first panel of each figure gives the response of inflation to a

11



one-percentage point innovation in the Bank’s policy rate. Quarters elapsed from the shock

are measured on the left-hand horizontal axis. The dates when the shock hits are measured

on the right-hand horizontal axis. A greater fall (rise) in inflation (unemployment) across

time indicates increasing monetary policy effectiveness following a contractionary monetary

policy shock. The estimated VARs are linear so the effects of an expansionary monetary

policy shock would be symmetric.

We measure the change in monetary policy effectiveness over time by changes in the

maximum or peak effect of the monetary policy shock on inflation and unemployment or

by the cumulative effect measured by the integral of the response over time. Maximum

inflation is defined as the peak change in inflation for a given monetary policy shock. For

an increase in the overnight rate this will be the largest (negative) change in inflation when

we calculate the impulse response function. A positive shock to the overnight rate leads to

an increase in unemployment, so the maximum response is the largest (positive) change in

the unemployment rate when we calculate the impulse response function. The cumulative

effects are calculated by summing the responses of either inflation or unemployment to the

policy shock over time until they die away.

We first discuss the results for Canada and then summarize the results across Canadian

provinces.

Figure 2 gives the results for Canada as a whole. They tell a mixed story for monetary

policy effectiveness over the course of the last 30 years. If we look at the maximum fall in

inflation over this period there has been a slight uptick from -0.366 percent to -0.344

percent, implying slightly less effectiveness. Looking at cumulative inflation tells the

opposite story, that is a slight fall from beginning to end: -4.20 percent to -4.27 percent.

However, in both cases, there is substantial movement in both directions over the period

under investigation so it is hard to reach a conclusion one way or the other.

12



This result is consistent with the fact that on the one hand inflation targeting central

banks have been more successful by many metrics, including lower variability of inflation,

and lower inflation levels, but also firmer expectations have made it more difficult for

policy changes to have the same impact on inflation.

When we narrow the scope to Canada’s low-growth post-crisis economy, monetary policy

has more clearly lost some of its effectiveness, using either maximum or cumulative changes

in inflation. This confirms the results other studies have found for a wide range of countries

(for example Borio and Hofmann 2017).

The second panel of Figure 2 shows the response of unemployment. In this case there is an

uptick in effectiveness during the early years (peaking at 2.95 percent for cumulative

unemployment and 0.36 percent maximum unemployment, both in 1992:Q4), a subsequent

fall lasting approximately three years, before essentially flattening from the mid-1990s on,

including through the crisis and after. This is consistent with the idea of a breakdown in

the relationship between inflation and the real economy.

The provincial results highlight the idiosyncratic nature of the impact of monetary policy

across the country. Contractionary monetary policy shocks have the expected negative

impact on inflation and a positive impact on unemployment. When it comes to the change

in effectiveness over time, the results are quite varied. For example, while monetary policy

has increased in effectiveness in Quebec over the period we study, it has become less

successful in Ontario. This means that monetary policy does not have uniform impacts

across provinces. This is important for central bankers to understand and make use of in

their modelling.

To summarize, whether monetary policy has become more effective or not (as measured by

maximum or cumulative changes to inflation and unemployment) is somewhat unclear.

However, while this is an important question to continue to evaluate, the primary question
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we aaddress in this paper is the role that demographic change has played on monetary

policy’s impact on key macroeconomic variables.

3.3 Stage-Two Methodology

To look at this question we use a dynamic ordinary least squares panel regression analysis.

We take our measures of monetary policy effectiveness by province from the previous

section as dependent variables in a series of regressions. We test our results, as in Imam

(2015), on our four different dependent variables: maximum inflation, maximum

unemployment, cumulative inflation, and cumulative unemployment. For notational

purposes we label this variable effectjit where i represents the different provinces in the

panel, t is time, and j separates when we are looking at inflation versus when we are

looking at unemployment (and for that matter maximum vs. cumulative).

The explanatory variables we use (similar to Imam 2015) are the old-age dependency ratio,

manufacturing output relative to total output, a measure of the economy’s openness to the

rest of the world, and a measure of the importance of private-sector credit. We are

interested primarily in the effects of demographic change, but we use the other variables in

the regressions as controls in order to avoid biased results from omitted variables. Imam

also includes the share of smaller firms to total firms within an economy, which we are

unable to do as a result of data availability at the provincial level.

The use of the old-age dependency ratio as our demographic variable reflects an

assumption that the behaviour of different age cohorts is relatively constant over time. We

checked this assumption by analyzing data on the cross-cohort behaviour of assets and

debts in Canada in 1999, 2005, 2012 and 2016. On all four dates, debts peaked for the

cohort aged 35–44 while assets peaked for the cohort aged 55–64. Our interpretation is

that it is in fact the change in the age distribution of the population that matters, in other
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words what is important is the changing relative sizes of different cohorts over time.

Since the purpose of this paper is to determine what impact aging has had on monetary

policy effectiveness, we should drill down further on this measure of changing

demographics. We begin by using CANSIM Table 282-0087 and subtract those aged 15–64

from those aged 15 and over to back out those aged 65 and over. At this point we are

consistent with Imam’s old age dependency ratio. However, because this arbitrarily defines

65 to be “old,” we subtract those aged 65 and older who remain in the labour force from

the total number of dependents.

This new ratio has steadily increased on balance over the period under analysis across all

provinces (Figure 1) except for Saskatchewan. Quebec and the Atlantic provinces have

experienced particularly large increases. Figure 1 is an index that normalizes all of the

series to 100 at the start of the sample. In the regressions we use the dependency ratios

without normalization.

Figure 1: Old Age Ratios — Provinces
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3.3.1 Other control variables

There are several reasons to think that controlling for manufacturing, openness, and credit

is important. Manufacturing has been shown to have different price rigidities and

unemployment sensitivities compared with other industries (Dias et al. 2016 and Carlino

and Defina 1998). Next, theory suggests that a more open economy is more sensitive to an

increase in interest rates since the resulting appreciation in the exchange rate will have

greater impacts on net exports. Finally, the higher is private sector credit, the more

sensitive households and businesses are to movements in the interest rate.

As discussed, due to data availability at the provincial level we are not able to create a

variable for the small firm ratio. For this reason, we end up with three control variables.

Furthermore, data availability forces some adjustments to the variables we do have. Both

provincial GDP and trade are available at annual frequencies only. We interpolate the

annual data to create quarterly datasets for each. To do this, we employ the Denton

method (see Bloem et al. 2001). To use this method we need an appropriate high-frequency

variable, and choose quarterly Canadian GDP. As shown in Table 1 the correlation

between annual Canadian GDP growth and annual provincial GDP growth is high. A

similar relationship holds between annual Canadian GDP growth and provincial trade

growth (New Brunswick is an exception). We can test how effective this method is by

comparing actual quarterly Canadian total trade growth to our estimated interpolated

quarterly Canada total trade growth. The correlation is once again quite high (0.823). We

are therefore confident that our interpolation method produces reliable measures of

quarterly provincial GDP and total trade.
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CDA GDP - Prov GDP CDA GDP - Prov Trade
Alberta 0.731 0.737

British Columbia 0.720 0.817
Manitoba 0.474 0.567

New Brunswick 0.453 -0.157
Newfoundland 0.623 0.541
Nova Scotia 0.372 0.398
Ontario 0.906 0.841
PEI 0.446 0.519

Quebec 0.793 0.703
Saskatchewan 0.533 0.491

Table 1: Correlations between Canadian GDP and Provincial Data — Annual

Next, we generate the intensity of manufacturing variable. Using quarterly data from

CANSIM Table 304-0015 we focus on manufacturing sales by province, which we deflate by

dividing by province-specific consumer price indices. To determine the manufacturing

intensity we divide real manufacturing sales by real GDP, creating the variable mfgit.

For openness, we use provincial export and import data to/from other countries from

CANSIM Table 384-0038. By adding exports and imports we create a measure of real total

trade which we divide by real GDP to create our openness measure, openit.

Lastly, we need a measure for private credit. This is important as credit levels have soared

due to cheap credit, which in theory should cause more sensitivity to monetary policy. We

note, though, that debt service ratios in Canada have remained fairly flat over the period

under analysis (Kronick 2017), which would negate some of this sensitivity. That said,

while a complete private credit story by province is difficult to get, asset and liability data

broken down by province is available from chartered banks in CANSIM Table 176-0074. As

chartered banks make up the bulk of the lending in the economy, we believe we have an

appropriate proxy measure. We include the following in private credit: 1) non-mortgage

loans to individuals for non-business purposes (total personal loans); 2) non-mortgage loans

to individuals and others for business purposes (total loans to Canadian resident
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non-financial business); 3) residential mortgages; 4) non-residential mortgages; and 5)

customers’ liabilities under acceptances. We again divide this private credit data by real

GDP by province to create the final control variable, creditit.

The regression equation that we estimate is then:

effectjit = α0 + α1oldageit + α2mfgit + α3creditit + α4openit + ηit. (9)

Due to data availability the sample period in this second stage runs from 1992:Q1 to

2015:Q4.

3.3.2 Stationary tests

Before running equation (9) in levels, we check the stationarity of the variables by using

panel unit root tests, which differ from some of the standard time series unit root tests

such as Dickey-Fuller. We run two tests. First, the Im-Pesaran-Shin (2003) test, with a

null hypothesis that all panels are unit root and an alternative hypothesis that at least one

panel is stationary. The advantage of the Im-Pesaran-Shin test is it allows for different unit

root coefficients across panels. The second test is the Dickey-Fuller version of the

Fisher-type tests, which perform unit root tests on each individual panel and then combine

the p-values to produce an overall test. The null is that all panels contain unit roots, while

the alternative is that at least one panel is stationary.9 Table 2 shows that our dependent

variables all contain unit roots.
9Imam (2015) also uses the Levin-Liu-Chu (2002) test, with a null that all panels are unit root, and the

alternative that all panels are stationary. The disadvantage of this test is it assumes a homogeneous unit
root coefficient across all panels.
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Im-Pesaran-Shin ADF – Fisher Chi-square
Cumulative Inf 0.353 0.480

Cumulative Unemp 0.129 0.208
Max Inf 0.314 0.366

Max Unemp 0.531 0.004

Table 2: Dependent Variable Unit Root Tests — p-values

For our independent variables, old age and credit clearly contain unit roots, and we can

only weakly reject a unit root for manufacturing (Table 3). Further, for manfacturing,

when we use the Hadri (2000) test (not shown here) with a null of stationarity of all

panels, it can also be rejected in favour of the alternative that some panels contain unit

roots. Openness results suggest the variable is already stationary. Table 4 indicates that all

variables are stationary in first differences.

Im-Pesaran-Shin ADF – Fisher Chi-square
Old Age 1.000 0.995

Manufacturing 0.055 0.089
Credit 1.000 1.000

Openness 0.000 0.000

Table 3: Control Variable Unit Root Tests — p-values

Im-Pesaran-Shin ADF – Fisher Chi-square
Cumulative Inf 0.000 0.000

Cumulative Unemp 0.000 0.000
Max Inf 0.000 0.000

Max Unemp 0.000 0.000
Old Age 0.000 0.000

Manufacturing 0.000 0.000
Openness 0.000 0.000
Credit 0.000 0.000

Table 4: Unit Root Tests (First Differences) — p-values

We then check for cointegration to determine the appropriate way to run equation (9). In

particular, if there is cointegration across our variables then it is still possible to estimate
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equation (9) without differencing. As indicated in Table 5, the Kao (1999) test for

cointegration suggests that all of our dependent variables, when paired with all our

independent variables, are cointegrated (the null hypothesis is no cointegration). We

therefore estimate equation (9) in levels as our primary empirical test.

Augmented Dickey-Fuller t
Cumulative Inf 0.001

Cumulative Unemp 0.003
Max Inf 0.004

Max Unemp 0.005

Table 5: Cointegration Test — p-values

3.4 Stage-Two Results

We use dynamic ordinary least squares (D-OLS) to run equation (9) which involves using

leads and lags of the first differences of all the independent variables. As indicated in Imam

(2015), D-OLS ensures the stochastic error term is independent of past shocks, and the

panel estimator is more efficient and robust. We choose two lags and one lead as our

default, We report the results of robustness checks, including different lead and lag choices,

in Section 4.

Table 6 has the empirical results for each of our four dependent variables. The monetary

shock that we model in stage one is a one percentage point increase in the Bank’s policy

rate, which has a negative effect on inflation and a positive effect on unemployment. This

means that a positive (negative) sign in the table means that the relevant variable reduces

(increases) the effectiveness of the policy change on inflation and increases (reduces) its

effect on unemployment.
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(1) (2) (3) (4)
cum_inf cum_unemp max_inf max_unemp

oldageit -0.0291 -0.0590∗∗ 0.00341∗∗ -0.00605∗∗∗

(-1.31) (-2.06) (2.00) (-2.64)

mfgit 0.0924∗∗∗ 0.218∗∗∗ 0.00782∗∗∗ 0.0141∗∗∗

(5.53) (10.10) (6.08) (8.17)

creditit -0.0393∗∗∗ -0.0153∗∗∗ -0.00239∗∗∗ -0.000103
(-13.63) (-4.10) (-10.81) (-0.35)

openit 0.00174 -0.00840∗ 0.000399 -0.000131
(0.52) (-1.94) (1.55) (-0.38)

Observations 920 920 920 920
t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 6: Primary Regression Results

The results for all four dependent variables are broadly consistent with Imam (2015) in

direction and significance, though with smaller magnitudes. The key result for our

purposes is the fact that an aging population does appear to reduce the effectiveness of

monetary policy on both inflation and unemployment. The effect is stronger on

unemployment. The results are consistent for unemployment whether we use cumulative or

maximum as the dependent variable. With inflation, the effect is only statistically

significant when we look at maximum inflation. The more mixed results for inflation are

consistent with the anchored inflation expectations that have become more widespread

since the Bank of Canada became an inflation-targeting central bank.

We also note that, while the standard 1 percentage point increase in the old age

dependency ratio is an appropriate way of analyzing the question at hand, perhaps more

interesting given the slow moving nature of demographics is the impact of the entire

increase in our aging population on the effectiveness of monetary policy over our sample.

In Canada as a whole, the old age dependency ratio increased by 25.9 percentage points

between 1992:Q1 and 2016:Q4. Therefore, monetary policy effectiveness, as judged by
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maximum inflation, fell by 0.088 percent (25.9 × 0.00341), or approximately 0.09

percentage points. So if the average maximum fall in inflation from a contractionary

monetary policy shock was 0.40 percentage points across panels over the period of our

analysis, it would have fallen 0.49 percentage points if not for an aging population. Given

the insignificance of an aging population on cumulative inflation we do not perform a

similar analysis on this variable.

Looking at unemployment, multiplying 25.9 by the coefficients on cumulative and

maximum unemployment gives us -1.528 and -0.157 respectively. Therefore, an

expansionary monetary policy shock at the beginning of our sample that lowered the

unemployment rate by 1.528 percentage points would have no impact today. Similarly, if

the peak decrease in the unemployment rate from a monetary policy shock in 1992 had

been 0.157 percentage points, it would be zero now.

3.5 Control Variables

What about our control variables? We find that an economy with a higher concentration of

manufacturing causes greater unemployment sensitivity in response to monetary policy

shocks. This is consistent with the idea that the manufacturing sector tends to be more

interest rate sensitive (see, for example, Carlino and Defina 1998). This result does not

hold for inflation sensitivity, though this is consistent with Imam.

The results also indicate that a more open economy has no significant impact on monetary

policy effectiveness. Even in the one case where there is some weak significance, the

magnitude is so small we consider it negligible. The lack of significance can be explained by

two opposing considerations. On the one hand, an increase in interest rates will cause an

appreciating exchange rate, which for a more open economy should lead to a greater fall in

inflation and a larger increase in unemployment. However, increased global trade
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integration might actually weaken the linkages between monetary policy and key

macroeconomic variables (Poloz 2016). In large part this is because domestic inflation is

affected more by global demand and supply than changes in domestic behaviour. China’s

ascension in the global market and the trade collapse during the Great Recession are both

examples of significant international macroeconomic events that have had ripple effects

domestically, and the challenge is to figure out how inflation responds in this newer

environment and how central banks should react.

Finally, the coefficients on private credit tell a somewhat mixed story. For the regressions

with inflation as dependent variables we get consistently significant and negative

coefficients. This is consistent with the idea that more credit present in the Canadian

economy leads to increased sensitivity to changes in the interest rate, which then have a

greater impact on spending and inflation.

For unemployment, the results are either insignificant or indicate a mildly less sensitive real

economy. One possible explanation for this counter-intuitive result is that we have

experienced mostly expansionary monetary policy over our time period, and the more

credit-constrained individuals are the less space they have in their budgets to borrow and

spend when interest rates are lowered. If that occurs, there is less of an increase in

aggregate demand, less economic growth, and a more attenuated unemployment rate. This

explanation, however, should lead to lower inflation as a result of reduced spending.

However, if the spending that did occur went to parts of the economy that experienced

above-average inflation over our period (for example housing), then both effects could

apply simultaneously.

Overall, though, the key takeaway from the primary results is that an aging Canadian

population has acted as a drag on monetary policy effectiveness. Below we will look at the

transmission mechanism(s) that are responsible for these results, but this demographic

drag is what we want the readers to focus on when we discuss the implications for the
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Bank of Canada in the conclusion.

3.6 Transmission Mechanism

The next logical question to ask, once we know that aging acts like a drag on monetary

policy effectiveness, is why it does. What is happening in the economy that causes this

phenomenon? To answer these questions, we use empirical regression techniques to test the

importance of the interest rate and credit channels. Unfortunately, we do not have access

to wealth data at the provincial level. Wealth data is available at the national level, but as

we have mentioned, both cross-sectional and time series variation in the data are needed in

order to properly evaluate the impact of very slow-moving variables such as old age.

We use two techniques to test the impact of the interest rate and credit channels. Since

they are closely linked, we test them together. The first technique involves removing the

private credit control variable from the primary regression. The second technique involves

interacting the private credit variable with the old age variable.

Table 7 shows the results for the variable removal technique. For inflation, removing

private credit leads to the appearance of old age having a positive impact on monetary

policy effectiveness. This is precisely what we would expect since an increase in credit on

its own, i.e. not accounting for aging, should cause an increase in monetary policy

effectiveness as higher debt loads mean more sensitivity to interest rate movements which

funnels down towards household spending, and, therefore, inflation. When we remove this

variable, its correlation with the age pyramid causes it to impact the coefficient on old age

in the direction of increased sensitivity. What this then implies, though, is that, if not for

aging, monetary policy would have been more effective through its impact on credit.

For unemployment we also see an impact from the removal of private credit, though this
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time we see a mild decrease in effectiveness as a result of old age. This is consistent with

the discussion above on the role credit appears to be playing on the real economy, as it

exacerbates the already decreasing impact from old age on unemployment.

Table 8 shows results for the variable interaction technique. The way to interpret the role

of old age is to add the coefficient on old age to the interaction coefficient multiplied by

some value of private credit (in our case we take the mean). When one does that one gets

coefficients matching the primary results across the board. What is relevant is the fact

that, with the exception of the cumulative inflation regression, the interaction terms are

significant in all cases, highlighting the link between credit and old age. The insignificance

of the interaction coefficient in the cumulative inflation regression is consistent with the

insignificance of old age for this same regression in our primary specification. The bottom

line is that these results are further evidence that the interest rate and credit channels play

an important role as transmission mechanisms.

(1) (2) (3) (4)
cum_inf cum_unemp max_inf max_unemp

oldageit -0.0893∗∗∗ -0.0824∗∗∗ -0.000264 -0.00621∗∗∗

(-4.14) (-2.97) (-0.15) (-2.74)

mfgit 0.0508∗∗∗ 0.202∗∗∗ 0.00529∗∗∗ 0.0140∗∗∗

(2.97) (9.19) (3.83) (7.80)

openit 0.00973∗∗∗ -0.00529 0.000885∗∗∗ -0.000111
(2.84) (-1.20) (3.20) (-0.31)

Observations 920 920 920 920
t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 7: Transmission Mechanism — Interest Rate/Credit: Removal Technique
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(1) (2) (3) (4)
cum_inf cum_unemp max_inf max_unemp

oldageit -0.0343 -0.391∗∗∗ 0.0129∗∗∗ -0.0329∗∗∗

(-0.67) (-6.30) (3.71) (-7.07)

mfgit 0.0934∗∗∗ 0.238∗∗∗ 0.00728∗∗∗ 0.0157∗∗∗

(5.70) (11.94) (6.54) (10.50)

creditit -0.0385∗∗∗ -0.156∗∗∗ 0.00171∗ -0.0115∗∗∗

(-2.71) (-9.00) (1.77) (-8.85)

openit 0.00167 -0.00810∗∗ 0.000387∗ -0.000105
(0.51) (-2.02) (1.73) (-0.35)

interactionit -0.000113 0.00755∗∗∗ -0.000223∗∗∗ 0.000613∗∗∗

(-0.15) (8.25) (-4.37) (8.93)
Observations 920 920 920 920
t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 8: Transmission Mechanism — Interest Rate/Credit: Integration Technique

4 Robustness Checks

A lack of provincial variables makes robustness checks difficult to perform. Therefore, we

focus primarily on the different combinations of leads and lags in our D-OLS panel

regression.10 Tables 9 and 10 show the results for 2 leads and lags and 3 leads and lags

respectively. The results indicate that our primary variable of interest oldageit does not

change from our primary results. Therefore, the timing of the change of the different

independent variables does not significantly change the contemporaneous effect of aging on

monetary policy’s effectiveness.
10That said, we did find that using the old age dependency ratio as in Imam (2015), i.e. without removing

those above 65 who continue to work, did not change our findings. Additionally, removing outlier periods
did not change our results.
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(1) (2) (3) (4)
cum_inf cum_unemp max_inf max_unemp

oldageit -0.0318 -0.0658∗∗ 0.00346∗∗ -0.00655∗∗∗

(-1.42) (-2.27) (2.00) (-2.83)

mfgit 0.0960∗∗∗ 0.221∗∗∗ 0.00801∗∗∗ 0.0142∗∗∗

(5.68) (10.14) (6.16) (8.14)

creditit -0.0403∗∗∗ -0.0171∗∗∗ -0.00243∗∗∗ -0.000199
(-13.85) (-4.54) (-10.86) (-0.66)

openit 0.000922 -0.00962∗∗ 0.000367 -0.000189
(0.27) (-2.20) (1.41) (-0.54)

Observations 910 910 910 910
t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 9: Two Leads and Lags

(1) (2) (3) (4)
cum_inf cum_unemp max_inf max_unemp

oldageit -0.0454∗∗ -0.0846∗∗∗ 0.00308∗ -0.00778∗∗∗

(-1.98) (-2.85) (1.74) (-3.28)

mfgit 0.107∗∗∗ 0.232∗∗∗ 0.00848∗∗∗ 0.0147∗∗∗

(6.20) (10.41) (6.38) (8.26)

creditit -0.0444∗∗∗ -0.0222∗∗∗ -0.00260∗∗∗ -0.000471
(-14.92) (-5.78) (-11.37) (-1.53)

openit -0.00143 -0.0123∗∗∗ 0.000271 -0.000313
(-0.41) (-2.76) (1.02) (-0.88)

Observations 890 890 890 890
t statistics in parentheses
∗ p < 0.10, ∗∗ p < 0.05, ∗∗∗ p < 0.01

Table 10: Three Leads and Lags
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5 Conclusion

Our results show that the inflation targeting framework in Canada is in reasonably good

shape, but is not perfect. A lower neutral interest rate leaves less room for the Bank of

Canada to lower rates from neutral before hitting the zero (or small negative) lower bound.

Future crises and/or recessions will, therefore, put the Bank in the position of having to

resort to unconventional monetary policies sooner. If further population aging reduces the

effectiveness of monetary policy, this could eventually undermine Canada’s inflation

targeting regime.

This paper first evaluated the effectiveness of Canadian monetary policy on economic

variables from the mid-1980s onward, and second looked at the impact of an aging

population on this effectiveness in the years since the Bank of Canada became an

inflation-targeting central bank. We improve on previous empirical work on Canadian

monetary policy effectiveness by using a shock series that removes the price puzzle found in

standard structural vector autoregression setups. Furthermore, to exploit the need for

greater variance given the slow moving nature of old age, we use a panel data set at the

provincial level, giving us both cross-sectional and time series variation, and leading to

more accurate results for Canada.

We find mixed results in the degree to which monetary policy has become more effective

over the last 30 years. Some of this is might be considered a good thing from the Bank’s

perspective, as inflation expectations have become more and more well-anchored. Our

results are broadly consistent with the literature, including the breakdown of the standard

relationship between inflation and unemployment.

Our main focus was the role aging played on changes to monetary policy effectiveness. We

find that Canada’s aging population has acted as a drag and likely contributed to the

systematic undershooting of inflation since the financial crisis. We also find that the
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interest rate and credit channels help explain this result. Specifically, an aging population

which takes on less debt is less sensitive to changes in the interest rate.

This means that hitting the Bank of Canada’s inflation target will require more significant

changes to the overnight rate target. In the case of expansionary monetary policy, this will

be made more difficult by a lower neutral rate of interest, which may result in a quicker

move to unconventional monetary policy. The results in this paper should help the Bank of

Canada adjust their analysis accordingly.
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Appendix A

Figure 2: Monetary Policy Shock - Effect on Inflation and Unemployment (Canada)

Figure 3: Monetary Policy Shock - Effect on Inflation and Unemployment (Alberta)

Figure 4: Monetary Policy Shock - Effect on Inflation and Unemployment (British Columbia)
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Figure 5: Monetary Policy Shock - Effect on Inflation and Unemployment (Manitoba)

Figure 6: Monetary Policy Shock - Effect on Inflation and Unemployment (Newfoundland)

Figure 7: Monetary Policy Shock - Effect on Inflation and Unemployment (New Brunswick)
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Figure 8: Monetary Policy Shock - Effect on Inflation and Unemployment (Nova Scotia)

Figure 9: Monetary Policy Shock - Effect on Inflation and Unemployment (Ontario)

Figure 10: Monetary Policy Shock - Effect on Inflation and Unemployment (PEI)
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Figure 11: Monetary Policy Shock - Effect on Inflation and Unemployment (Quebec)

Figure 12: Monetary Policy Shock - Effect on Inflation and Unemployment (Saskatchewan)
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