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Abstract
We propose a novel risk management framework in which we decompose the outlook for the distribution of future GDP growth into macroeconomic and financial
stability risks. Applying the framework to Canada, we find that macroprudential
tightening is substantially more effective than monetary policy at reducing downside risks to future GDP growth. The effect channels mostly through a reduction
in credit growth over the medium run. We also find that macroprudential policy
impacts the effectiveness of monetary policy transmission.
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Non-Technical Summary
Elevated financial stability vulnerabilities lead to increased downside risks for future GDP
growth. For many countries, this means that optimal policy decisions need to consider
all potential outcomes, not just the most likely path for the economy. We propose a novel
risk management framework in which we decompose the outlook for the distribution of
future GDP growth into macroeconomic and financial stability risks.
Applying the framework to Canada, we find that policy tightening can ease financial stability concerns significantly. Still it may hurt macroeconomic stability depending
on initial macroeconomic conditions. The reduction in financial stability risks channels
mainly through credit growth. Macroprudential tightening is substantially more effective
than monetary policy at curbing credit growth and reducing financial stability risks.
Our framework sheds light on the impact of alternative interest rate paths and macroprudential changes on the macro-financial tradeoff. Regulators or central banks with a
financial stability mandate can use this simple tool to communicate choices when tradingoff risks.

Credit growth

Monetary tightening

Macroeconomic stability risk
(distance of median GDP
to potential GDP outlook)

Financial stability risk
(distance of tail GDP to
median GDP outlook)

Macroprudential tightening

increases

decreases

increases in the short run,
decreases in the medium run

Notes: Arrows going from policy instruments to risks represent the direct effect.
Arrows going from policy instruments to credit growth represent the indirect effect.
Thicker arrows emphasize the main transmission channel.
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Introduction

Financial stability is crucial for an economy’s well being. We propose a framework
grounded in empirical analysis that makes financial stability measurable and allows decision makers to easily see existing tradeoffs between macroeconomic stability, i.e. expected
median GDP growth, and financial stability, tail risks to GDP growth relative to the median. Within this framework, we find that macroprudential policy is more effective than
monetary policy when it comes to influencing GDP at risk, i.e. the 5th percentile of fourquarter-ahead GDP growth. Moreover, macroprudential policy influences the tradeoff
monetary policy faces between macro and financial stability risks.
The tradeoff monetary policy faces can be illustrated by a toy model linking the
risk of a crisis, household credit and the distribution of macroeconomic outcome. Our
simple framework generates a tradeoff curve between macroeconomic and financial stability risks. We empirically assess the existence of the tradeoff between macroeconomic
and financial stability risks. Our analysis has two main building blocks. First we use
a quantile regression to estimate the link between macro-financial variables and risks to
GDP growth. Next, we estimate a structural vector autoregressive (SVAR) model on
the macro-financial variables to track the evolution of interest rate and macroprudential
shocks on risks to GDP growth. With these estimates in hand, we create scenarios for
the interest rate path and macroprudential interventions to determine the impact on the
GDP growth distribution, with a particular focus on its lower tail.
Our analysis uses Canadian data. This has two main reasons.1 First, over the last
two decades, Canada has experienced a significant buildup of household sector imbalances
illustrated by an elevated household debt-to-disposable income ratio. Thus the current
movement of policy rate tightening that started in July 2017 lends itself naturally to
consider the tradeoff between macroeconomic and financial stability risks. Second, regulatory tools have been used extensively over the last two decades with various rounds
of loosening followed by tightening in recent years. This allows us to provide reliable
estimates of how macroprudential changes affects financial stability and the effectiveness
of monetary policy.
We obtain three main results. First, credit growth is the main driver of GDP at risk
from quarters three to eight. This is an important insight, since it opens the door for
monetary and regulatory policy to influence GDP tail risk and is in line with Schularick and Taylor (2012) and Jorda et al. (2011). Consistent with Adrian et al. (2018),
which popularized the notion of GDP at risk, we also find that financial stress has strong
explanatory power for GDP at risk over the first two quarters. However, it barely contributes afterward.
1

As a robustness test, we confirmed the main results regarding monetary policy using a cross-country
panel.
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Second, a tightening of rates or regulations reduces credit growth which limits tail
GDP risks. (Ranciere et al., 2008) already noted a link between credit growth and the
skewness of GDP growth. We find a positive effect of policy tightening on the distribution
of future GDP growth, despite the negative impact on the most likely path of future
GDP. The direct impact of monetary policy on GDP at risk is fairly limited. However,
the indirect impact through credit growth is more significant, but delayed. In contrast,
macroprudential policy has a much more significant direct impact, as visible when we
consider historical loosening and tightening episodes.
Third, we propose a novel framework to analyze the risk tradeoff monetary policymakers face. We express the tradeoff between macroeconomic and financial stability in
the GDP space. Macroeconomic risk is measured by the average expected GDP growth
relative to the potential GDP growth, while financial stability risk is measured as the average deviation of GDP at risk from median GDP growth. Our framework, which is easy
to understand and apply, provides us with two insights. Monetary policy at every point
in time faces a tradeoff between macro and financial stability risks. This tradeoff varies
over the cycle and some policy rate paths can be easily ruled out since they either raise
macro and financial stability risks or lead to elevated recession risk. In addition, macroprudential policy changes can be an effective tool at reducing financial stability risks and
change the tradeoff monetary policy is facing, thus potentially buying monetary policy
more flexibility to reduce macro stability risks.
The rest of the paper is organized as follows. Section 2 highlights three strands of the
literature to which we contribute. Next, we provide some theoretical foundation of our
framework, followed in Section 4 by an explanation of our empirical tools. Some general
results are presented in Section 5, followed by a concrete policy application in Section 6.
Afterward, we conduct robustness and conclude.

2

Relevant literature review

Our work relates to three strands of the literature. First we relate to the work on
density forecasts of future GDP growth that emphasize the skewness in the distribution
of future GDP growth. Second we provide a more detailed analysis on the role of credit
for downside GDP risks by moving away from the standard binary Logit approach. Third
we contribute to the literature on leaning against the wind literature by assessing how
monetary policy or regulatory policies can shape the distribution of future GDP growth
by trading median costs for benefits in the tail.
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2.1

Tail GDP risks and density forecasts

The first strand of the literature relates to the estimation of tail GDP risks and density
forecasts of future GDP growth. Adrian et al. (2018) estimate the relationship between
tail GDP growth and financial market conditions using the quantile regression method of
Koenker and Bassett (1978). They find that GDP at risk, the 5th percentile of the future
distribution of future GDP growth, is largely driven by financial market conditions.2 They
suggest to proxy this skewness in the distribution of future GDP growth with a parametric
skewed-t distribution. However, their work suggests that downside GDP risks move with
a relatively high frequency, depending on the evolution of financial markets. This leaves
little room for policy actions as the deterioration of financial market conditions ahead of
a crisis event can be very close to the start of the crisis event itself. Following on the
introduction of those tools in the policy debate (International Monetary Fund, 2017a), we
complement this line of work by emphasizing more the role of the accumulation of credit
on downside GDP risks. Policy tools are likely to be more effective at reducing the build
up of credit ahead of a crisis rather than limiting the deterioration of financial market
conditions immediately prior to the crisis. Aikman et al. (2018) also relate aggregate
measures of financial stability risks to GDP at risk in the context of the UK but remain
suggestive on how it relates to policy actions and how it can be operationalized.
The interest for the distribution of future GDP growth is not new. In 1996, the Bank
of England started publishing fan charts of the future distribution of GDP growth in its
quarterly Inflation Report. McDonald et al. (2016) show that density forecasts published
by the Bank of England outperform conventional autoregressive models in the context of
inflation targeting. Empirical models that are able to generate asymmetric forecast can
be split into two broad groups. The first group would consist of models supporting the
idea that a structural change in the data generating process is responsible for events like
the Great Recession. In which case, policy can have a direct influence on the occurrence of
tail events. Regime switching models introduced by Hamilton (1989) can generate skewed
distributions of future GDP growth by considering that the observed distribution of GDP
growth is a mixture of two normal distributions, one for normal periods and one for
crises regimes. The transition between the tranquil and crisis regime can be time-varying
(Filardo, 1994; Diebold et al., 1994) and be related to financial market conditions and
policy actions (Brave and Lopez, 2017). Similarly, threshold vector autoregression (VAR),
by partitioning the dataset into two separate estimation in periods of low or high financial
market stress, can account for different dynamics in tranquil and crises periods (Hubrich
and Tetlow, 2015; Bruneau and Chapman, 2018) and generate asymmetric projections
under different policy scenarios (Duprey, 2017). With different degrees of granularity,
2

GDP at risk is coined by analogy to the Value at Risk concept. Cecchetti and Li (2008) initiated
this literature by looking at the impact of equity and property booms on GDP at risk, the extreme tail
of the distribution of output.
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Markov switching models, threshold VAR and quantile regressions can explicitly link
the skewness in the distribution of macroeconomic variables to different financial market
conditions.
The second group of models replicates large downside GDP risks by moving away
from the normality assumption on the distribution of shocks. The Great Recession is
explained by a sequence of random shocks drawn from fat-tailed distributions, which
leaves little room for pre-emptive policy actions. By moving away from Gaussian distributions, Bayesian VAR with stochastic volatility (Cogley et al., 2005; Primiceri, 2005)
and Student’s t-distributed disturbances (Chiu et al., 2017) provide better density forecasts, especially around events like the Great Recession. Similarly to Bayesian VAR,
combining Gaussian copula while allowing for skewed marginal distributions can replicate asymmetries in the distribution of future GDP growth (Smith and Vahey, 2016).
We do not go that route as those models do not allow for a direct link between tail risks
and policy actions. Distinguishing between alternative modelling techniques of the tail of
the distribution of GDP has non-trivial implications on the effectiveness of policy tools
in mitigating the build-up of risks. However, it is beyond the scope of this paper.

2.2

Systemic risks and banking crises

The second strand of the literature related to our study focuses on the identification of
rising risks and derive early warnings of looming banking crises. Financial imbalances
tend to accumulate over time as risks slowly increase, while financial market stress is a
more sudden materialization of risks. Pre-emptive policy actions that target financial
stability risk as it builds up should be more effective than policy actions that target
financial market stress once it starts to materialize. By focusing on the role of credit
on tail GDP risks, we can test for the ability of policy institutions to maintain control
over downside GDP risks. Conversely, if financial market stress is the unique explanatory
variable for tail GDP risks (Adrian et al., 2018), then there is little policy makers can do
to prevent unexpected large financial shocks.
As suggested by Borio (2014), the financial cycle "can be most parsimoniously described in terms of credit and property prices". Jorda et al. (2011) and Schularick and
Taylor (2012) argue that over a century, credit growth is the best predictor of financial instability defined as systemic banking crises similar to Leaven and Valencia (2013).
Drehmann et al. (2011) and Drehmann and Tsatsaronis (2014) instead advocate for the
use of the credit-to-GDP gap that performs best as an early-warning indicator of a banking crisis at horizons between two to five years ahead. However, Duprey et al. (2017a)
note that the precise measure of credit used can sometimes alter the overall assessment of
financial stability risks. When explicitly taking into account regulator’s preferences with
respect to missed crises and false alarms, Alessi and Detken (2011) show that a broad
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private credit gap is the best performing early indicator of a future banking crisis. Most
work on early warning models focus on total credit, in part due to its wider availability
and its broad definition that makes it more robust to the migration of lending across
the financial system when regulations are put in place. However, financial stability are
increasingly linked to real estate lending booms that are typically followed by deeper
recessions and slower recoveries (Jorda et al., 2016). Mian et al. (2017) show that, across
countries, an increase in the household debt to GDP ratio predicts lower GDP growth,
and low mortgage spreads tend to make things worse. Similarly, households debt service
ratios can predict future crises (Drehmann and Juselius, 2012).
Other sources of risks could be the build-up of corporate debt (Grieder and Lipsitz,
2018), bank leverage (Hahm et al., 2013), banking sector capital flows (Bruno and Shin,
2015), current account deficits (Lo Duca and Peltonen, 2013) or exchange rate developments (Gourinchas and Obstfeld, 2012). To that extent, a composite measure of financial
system vulnerabilities could better capture those different aspects (Ng, 2011; Schuler
et al., 2017; Aikman et al., 2017; Duprey and Roberts, 2017).
The quantile regression framework used in this paper can be understood as a generalization of binary logit models widely used in the systemic risk literature. Instead of
predicting crises dummies that occur with a relatively low frequency, we predict negative
materialization of GDP growth that occur with a given probability. But the same set
of predictors of crises can potentially be used to explain downside GDP risks and the
asymmetry in the evolution of the distribution of future GDP growth.

2.3

Leaning against the wind

Our quantile regression framework allows us to decompose the distribution of future
GDP growth into macroeconomic and financial stability risks by looking at the differential impact of imbalances on the median versus tail quantiles of the distribution of GDP
growth. Moreover, we measure the impact that monetary and macroprudential policies
have on the GDP growth distribution. To that extent, our framework allows for a costbenefit analysis of policy tools. The policy rate or macroprudential policies may harm
GDP growth at the median but provide financial stability benefits in the tail by reducing
financial imbalances. Therefore, we also contribute to the leaning against the wind literature. Our tradeoff exercise, while less structural, is similar in spirit to Svensson (2017)
and its extension to regulatory policy (Svensson, 2018). One advantage of our approach is
that it does not require us to take a stand how risk is propagated, i.e. through a financial
crisis that arrives with a logit distributed probability. Instead we obtain direct estimates
of how financial stress and credit influence moments of the GDP growth distribution.
More broadly, we find support for the view that monetary policy influences the aggregate risk in the economy which is consistent with the "risk taking channel of monetary
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policy" as outlined in Claudio Borio (2012) and the empirical support previously developed at the micro-data level for example by Delis and Kouretas (2011) and Jimenez
et al. (2014). Two papers that are closely linked to our results are Angeloni and Faia
(2013) and Alpanda and Ueberfeldt (2016). In both papers, downside risk to GDP is
endogenous to the model and monetary policy, as well as regulatory policy, can influence
that risk. Monetary policy faces a tradeoff between standard macroeconomic stability
and financial stability, where the latter is associated with severe downside risk. While
both papers have the advantage of more economic structure and thus stronger structural
links between macroeconomic variables, they are forced to calibrate the downside risk.
Our approach is much more flexible regarding the links between financial imbalances and
the downside risk and thus allows for a wider range of GDP tail events consistent with
empirical evidence.

3

A theoretical framework of macroeconomic versus
financial risks

3.1

Concept

Our novel risk-management approach uses the distribution of future GDP growth to
assess macroeconomic and financial stability risks in a unified framework. Adrian et
al. (2018) rely on the notion of GDP at risk, the growth rate of GDP that should be
exceeded in all but the worst 5 per cent of expected outcomes (the 5th percentile of the
year-ahead GDP growth distribution). They show that the materialisation of adverse
financial conditions magnify GDP at risk. However, financial conditions are harder to
target for a macroprudential authority than slow moving variables like the accumulation
of credit. In addition, movements in downside GDP risks can come from a shift in
the location or scale of the distribution. Monetary policy authorities tend to target
changes in the location of the distribution (the central moment) while macroprudential
authorities presumably would presumable target changes to the scale of the distribution
(the tail events). Some policy tools can shift mostly the location or the scale of the
distribution. Others can be blunt instruments that affect both the median and the tail.
We decompose the distribution of future GDP growth into macroeconomic (median) and
financial stability (tail) risks to allow for a cost-benefit analysis of policy tools.
Macroeconomic stability risk is defined by the absolute deviation of median GDP
growth relative to the growth rate of potential output. To set monetary policy, an
inflation-targeting central bank focuses on the most likely path for the economy, i.e.,
median GDP growth relative to potential. When the consequences of a policy rate change
are assessed, typical log-linearized DSGE models imply that the distribution of future
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GDP growth moves symmetrically (Figure 1.a) retaining the same shape (the shift from
the solid to the dotted red distribution).
Financial stability risk is defined as the distance of GDP at risk from the expected
median GDP growth. Our definition thus focuses on changes to the shape of the lower tail
of the GDP distribution that are not already captured by our definition of macroeconomic
stability risk. For example, the financial stability effect of tighter monetary policy will
come from a reduction of financial imbalances, ultimately leading to improved tail GDP
risk relative to the median (Figure 1.b). The distance of GDP at risk from median GDP
growth changes only if the shape of the distribution changes (the shift from the dotted
red to the dashed green distribution).
Figure 1: Decomposition of the distribution of GDP growth

The evolution of macroeconomic and financial stability risks following a policy shock
can be understood with the help of the following toy model.

3.2

A simple model

We derive a simple model illustrating the link between the risk of a crisis, household
credit and the tradeoff curve between macroeconomic risks and financial stability risks.
This can be thought of as a stripped down version of Alpanda and Ueberfeldt (2016) who
build a full fledge macroeconomic model to quantify the benefits of leaning against the
wind.3
The model has two periods and four actors: households that save, households that
borrow, firms with risky projects to fund and the government setting the risk free interest
rate.
3

The derivation of the model is displayed in Appendix ??.
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There are two shocks that influence the economy: (1) a TFP shock influencing productivity, z, and (2) a stress shock that follows a logit distribution and depends on the
level of household borrowing, i.e. the probability of a high stress episode increases with
the amount of debt.[Cite Jorda et al and some other household debt papers for relationship.] The stress shock influences the distribution from which the TFP shock is drawn.
For illustrative purposes, we assume that in good times the crisis shock follows a normal
distribution and in crisis times a skewed normal distribution.
The problem of the business sector is as follows.
max ez K θ N 1−θ − wN − Rk K
s.t.



zg
z=
zb



with


1 − p (B) 
p (B) 

zg ˜N µg , σg2






zb ˜F µb , σb2 , ω ; ω < 0, σg < σb


p (B) =

exp α0 + α1

 
B
B̄



1 + exp α0 + α1

 
B
B̄

The key channel is that excessive household borrowing increases the probability of a
misallocation of resources which in turn can a high stress episode with the possibility of
a very negative output realization.
The remainder of the model is relatively standard. There are housholds that save
before uncertainy is revealed.
The savers maximize:
max log (cs1 ) + βE [log (cs2 )]
s.t.
cs1 + k + b ≤ W + T1
cs2 ≤ Rk k + Rb b + T2
where cst is consumption in period t for a saver, k is the capital supply to firms, b the
amount of household to houshold lending. There are transfers in the different periods t
denoted by Tt . These transfers are a combination of profits from owning the firm and
government transfers to ensure budget clearning. Returns on the different savings vehicles
are denoted by Rk , Rb and savers start with wealth W .
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There are households that borrow and work. The borrowers maximize:
max log

 

cb1

h

+ β E log

 i

cb2

n1+φ
+
1+φ

!

s.t.
cb1 ≤ B
cb2 + Rb B ≤ we n
B ≤ ξwe n
where B is the borrowing, n represents labor supply and cbt consumption of the borrower. One critical aspects of the model is the borrowing constraint which requires that
borrowing can’t exceed a share ξ of the expected earnings we n. One can think of this
a loan-to-income constraint. This constraint might or might not bind. Wages and labor supply are determined before uncertainty is revealed, thus wages are the expected
earnings.
There are five market to clear:

X

ci1 + K ≤ W

i

X

ci2 ≤ zK θ N 1−θ

i

n = N
b + bg = B
k = K
consumption in the first and second period, the labor market, borrowing for consumption purposes and capital rental for firms.
Monetary policy is implemented via the risk free interest rate Rb on bonds. The
government sets the rate and ensures that enough bonds are around to clear the bond
market. This might mean that it either buys private bonds or issues government bonds.
The difference is covered by transfers to the savers.
Next, we analyze two cases roughly corresponding to our results below.
3.2.1

How does monetary policy influence the tradeoff between financial and
macroeconomic stability?

We consider a simple variation experiment in which we vary the interest rate and find
the optimal level of output using the equally weighted utilities of borrowers and savers.
Then we plot a tradeoff frontier where where macro stability is measures as the expected
quadratic loss when deviating from the optimal level of output and financial stability is
11

the difference between GDP at risk and median expected output. We also consider an
alternative measure of financial stability namely the probability of entering a high stress
regime.
Figure 2: Competitive equilibrium results for variations of the interest rate

Utility

Output
29.035

-61.4

29.03
29.025

-61.45

29.02

Baseline
-61.5

29.015
29.01

-61.55
0.6

0.65

0.7

0.75

0.6

0.65

0.7

0.75

Tradeoff - alternative

Tradeoff
0.0164

Probability of a crisis

Financial stability risk

0.201
0.0164
0.0164
0.0164

0.2005
0.2
0.1995
0.199

0.0163
0

0

2
4
Macro-stability risk ×10-4

2
4
Macro-stability risk ×10-4

The results are reported in Figure xx. We find that the tradeoff frontier monetary
policy is facing under either financial stability measure resembles a parabola. [AU: Note
that it is optimal here to minimize macro stability since that maximizes expected welfare.]
The bottom two charts in Figure xx represent the tradeoff between financial stability
risks (vertical axis) against macroeconomic risks (horizontal axis) for various levels of
the policy rate. When the interest rate is too low, there is too much borrowing and the
economy is more likely to suffer from a bad output shock. As a result, the expected
utility decreases away from the maximal level that can be achieved (macroeconomic
risks increase) but the tail probability of a crisis also increases (financial stability risks
increase). This creates the upper arm of the charts. When the interest rate is too high,
the expected utility also decreases away from the maximal level as the demand for capital
and thus expected output start to decline thus reducing expected output (macroeconomic
risks increase). However, the tail probability of a crisis now decreases as households
12

borrow less (financial stability risks decrease). This creates the lower arm on the figure.
Ideally, a policymaker does not want to be on the upper arm, as interest rates that are
too low increases both macroeconomic and financial risks. A policy maker wants to face
the tradeoff on the lower arm: raising rates provides financial stability gains in the tail
of the future distribution of output, but this hurts welfare in expectations. Preventing
crises is costly in expectations, but provides gains conditional on the crisis occurring.
Such a tradeoff should be explicitly taken into account by policy makers.
3.2.2

How does regulation affect the monetary policy tradeoff frontier

Next, we tighten regulation and consider the impact on our tradeoff frontiers, see Figure xx. Not surprisingly we find that restricting the loan-to-income ratio leads to less
borrowing and shifts the tradeoff frontier down. The impact is sizable and illustrates
that regulation is a much more effective tool when dealing with excessive borrowing than
monetary policy. A less obvious result is that tighter regulation strengthens monetary
policy. The same variation of interest rates as before leads to less variation in macro
stability.
Figure 3: Results for variations of the interest rate and the regulatory constraint
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-60.8
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0.18
0.16
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0.12

0

2
4
Macro-stability risk ×10-4

0
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2
4
Macro-stability risk ×10-4

The next sections present a new framework to expressively weight macroeconomic and
financial stability risks and estimate the tradeoff frontier for alternative policies.

4

The empirical framework of macroeconomic versus
financial risks

We apply our framework to Canada as the current cycle of monetary policy tightening
that started in June 2017 makes it particularly relevant to analyze the trade-off between
macroeconomic and financial stability risks. Low interest rates contributed to elevated
housing and households vulnerabilities, generating downside risks to GDP growth and
triggering a sequence of macroprudential policy tightening. The empirical investigation
relies on a two-step modelling strategy. First tail GDP risk is modelled with a quantile
regression estimated on macro-financial variables. Then those macro-financial variables
enter a VAR to identify shocks and simulate scenarios. As a result, one can split the
distribution of future GDP growth into financial stability and macroeconomic stability
risks, and analyze their response to monetary or macroprudential policy shocks.

4.1

From vulnerabilities to tail GDP growth: quantile regression

We estimate the relationship between tail GDP growth and financial system vulnerabilities using a quantile regression (Adrian et al., 2018 and International Monetary Fund,
2017a) at the quarterly frequency from 1982 to 2017 (Equation 1). We focus mostly on
the predicted 5th and 50th quantiles (q = 5 or q = 50) of the quarterly annualized real
[ t = Etq=5 [GDPt+4 ].
GDP growth (GDP ) one year ahead.4 GDP at risk is defined as GaR
It relies on the 5th percentile of the distribution of future annualized real GDP growth
to strike a balance between estimation challenges and the need to quantify tail risks.
GDPt = αq + γ1q M APt−4 + γ2q GDPt−4 + γ3q πt−4 + γ4q Rt−4 + γ5q Creditt−4 + γ6q F SIt−4 + ξtq (1)
In line with Schularick and Taylor (2012), we use the cumulated growth in total real
credit over two years (Credit) as our main measure of financial system vulnerabilities
(Figure 4.b). The ratio of credit to GDP tends to be procyclical so that we report the
ratio with respect to potential GDP. However, as highlighted in Bauer and Granziera
(2017), the numerator tends to be slower moving than the denominator, such that short
4

Projections for the next year that rely on the whole distribution of future GDP growth estimated
via quantile regressions perform relatively well compared to forecasts from the Monetary Policy Reports.
Compared to actual realizations since 1997, forecasts using the quantile model have, on average, the
correct sign of the change in GDP growth two thirds of the time, similar to the ratio obtained for
forecasts from Monetary Policy Reports by Binette and Tchebotarev (2017).
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Figure 4: Measures of financial system vulnerabilities in Canada

housing and households vulnerabilities
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a) Evolution of vulnerabilities from Bank of Canada Financial System Review
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Notes: Chart (a) refers to the direction of the change in the level of vulnerabilities as assessed by the Bank
of Canada in its quarterly Financial System Review. Credit growth in Charts (b) and (c) is seasonally
adjusted, quarterly annualized and deflated by the seasonally adjusted core CPI.
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and medium run dynamics of the ratio may be different. We leave it as a robustness.
Similarly, the evolution of mortgage credit (Figure 4.c) is left as a robustness, as it appears
to be less in line with the assessment of vulnerabilities from the Financial System Review
of the Bank of Canada that see rising vulnerabilities since 2014 (Figure 4.a). The reason
is that mortgage credit growth slowed down, albeit from high growth rates, resulting in
relatively lower risks in terms of growth or gap, despite persistently high levels of credit.5
We investigate the impact of both monetary and macroprudential policies. Both
policies are allowed to have a direct impact on the distribution of future GDP growth.
We include the short term rate (R) and changes in macroprudential tools (M AP ).
The macroprudential index (Figure 5) increases (decreases) by one unit each time
a macroprudential tightening (easing) enters into force in a given quarter. The index
combines the main macroprudential instruments used in Canada, the loan-to-value ratio, the debt service ratio, rules regarding the amortization period and access to public
mortgage insurance.6 We also include federal or provincial tax scheme directly targeted
to the housing sector. Macroprudential measures covered by our index are listed in Table
3. The index relies on four sources: Cheung (2014), Kuttner and Shim (2016), Allen
et al. (2018), and Bank of Canada (2017) for the latest measures. Canada implemented
28 policy measures that can qualify as macroprudential policy changes over 1992-2017.
Macroprudential easing took place from 1992 mostly until 2008, with 12 measures, while
macroprudential tightening took place 16 times in 2008-2017. We use the change in the
macroprudential index to avoid making an assumption on the relative intensity of each
macroprudential measure. We consider a one year cumulated change in macroprudential
measures as their effect is sometimes delayed (Kuncl, 2016). The level of the macroprudential index in left as a robustness.
Both monetary and macroprudential policies can also have an indirect impact on
the distribution of future GDP growth. If the policies are successful, they can reduce the
accumulation of debt and possibly limit the probability and magnitude of a financial crisis
when used early enough. The quantile regression includes a measure of the accumulation
of financial imbalances (Credit) and a measure of the materialization of financial market
risks (financial stress index F SI of Duprey, 2018 that builds on the method of Duprey
5

The level of vulnerabilities is notoriously hard to measure. Apart from being non-stationary, a
simple credit to GDP ratio may overstate the increase of vulnerabilities given the financial deepening
and financial innovation that took place over the last decades. Even a high level of debt with respect to
GDP may not fully capture the extent of vulnerabilities that depend on the distribution of debt among
economic agents. For instance, a preferred metric monitored in the Financial System Review of the Bank
of Canada is the fraction of households with debt to income ratios larger than 450 percent. But the time
coverage of this distributional split is more limited.
6
Macroprudential policy in Canada mostly channels through the mortgage insurance provided by the
Federal government. The Crown corporation Canada Mortgage and Housing Corp (CMHC) is the main
provider of mortgage insurance while other private mortgage insurers benefit from a 90 percent public
guarantee. Loans with a loan-to-value ratio larger than 80 percent have to be insured and, as such, follow
strict issuance rules on debt servicing and amortization.
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et al., 2017b). Last, the transmission of monetary and macroprudential policies can also
channel through standard macroeconomic variables and we control for lagged quarterly
annualized real GDP growth and quarterly annualized inflation (π).

Num berofm acroprudentialm easures

Figure 5: Macroprudential policy index
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Notes: The index relies on four sources: Cheung (2014), Kuttner and Shim (2016), Allen et al. (2018),
and Bank of Canada (2017) for the latest measures. The list of macroprudential events included in the
index are listed in Table 3. The index is normalized to zero prior to the first macroprudential measure
in 1992. A positive (negative) change by one unit in a given quarter consists in the implementation of a
tightening (easing) of one macroprudential measure.

The choice of the lag order of the quantile regression is not irrelevant to our goal. A
higher lag order decreases the predictive power of the model (Figure 6.a) but credit growth
gains in importance (Figure 6.b). Financial stress, which is harder to influence with policy
actions, is the main explanatory variable for tail GDP growth for the first two lags only.
Credit growth, a variable that policy makers can target, is more important for projections
3 quarters ahead or more. Similarly, the impact of financial stress on tail GDP growth
diminishes and becomes close to insignificant or even positive for projections 5 quarters
ahead or more (Figure 6.c), while the impact of credit growth peaks for projections 4
quarters ahead (Figure 6.d). We focus on the projection of the distribution of GDP 4
quarters ahead.
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Figure 6: Tail GDP growth at different horizons
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0.5

60

CREDIT

0.4

50

FSI

40

0.3

%

R-square

a) Overall R-square

0.2

30
20

0.1

10
0

0
1

2

3

4

5

6

7

8

9

1

10 11 12

2

lag order of the quantile regression

c) Coefficient for financial stress index (FSI)
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Notes: Quantile regression at the 5th quantile of future annualized real GDP growth, with explanatory
variables lagged by 1 to 12 quarters. The R-square in the quantile context is from Koenker and Machado
(1999).
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4.2

From policy actions to vulnerabilities: structural VAR

The analysis of monetary and macroprudential policies on the distribution of future GDP
growth requires the quantification of the direct effect of the policies on GDP growth–
directly embedded in the quantile regression–but also the quantification of the indirect
effects on financial system vulnerabilities. To do so, we identify the response of credit to
policy shocks in a structural vector autoregressive (SVAR) framework. Those shocks can
then be used to build counterfactual scenarios used to simulate the distribution of future
GDP growth via the quantile regression.
The VAR of Equation (2) is estimated on quarterly data over 1982-2017 and includes
the same endogenous variables as in the quantile regression of GDP growth.
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The structural shocks t are decomposed with a combination of short run signs and
zero restrictions. Monetary policy shocks are identified by requiring a negative short
run response on output and inflation. We remain agnostic about the behaviour of credit
growth, our variable of interest. We do not restrict the macroprudential policy shock.
One could require a negative short run impact on GDP growth following macroprudential
policy shocks. But empirical evidence sometimes suggest that macroprudential policies
can trigger a pull forward that temporarily boosts the economy if agents anticipate additional tightening.7 However two additional assumptions help identify macroprudential
policy shocks. First we also identify demand and inflation shocks to ensure we tease out
most of the variance that is not wrongly absorbed by the unrestricted macroprudential
shock. Second, we require that demand, inflation or monetary policy shocks do not have
a short run impact on the macroprudential index. The decision process and implementation period for macroprudential policies usually take time, making it hard to argue
that macroprudential policy can instantly react to other shocks within a quarter. Macroprudential measures rather respond to slow moving financial imbalances than temporary
shocks to the economy. The set of restrictions is presented in Table 1.
7

The various rounds of macroprudential tightening in Canada since 2008 were found to either reduce
mortgage credit growth or generate no significant effect (International Monetary Fund, 2017b). Using a
structural model with micro-data, Allen et al. (2018) find that macroprudential policies reduce mortgage
credit growth, but the effect of the loan-to-value ratio is larger than changes to the debt-service ratio,
for instance via amortization. However, Kuncl (2016) shows that the impact of macroprudential policies
on both credit and residential investment is not always immediate.
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Table 1: SVAR identification restrictions

Macroprudential Demand Inflation Monetary Credit FSI
policy shock
shock shock policy shock shock shock
MAP
GDP
Π
R
Credit
FSI

+

0
+
+
+

0
+
+

0
+

0

0

Notes: The combination of short run signs and zero restrictions relies on the method of Haberis and
Sokol (2014).

We are interested in the impact of monetary policy shocks t,monet and macroprudential
changes t,macropru on the distribution of future GDP growth. As we combine the SVAR
estimation with the quantile regression, we bootstrap confidence bands in order to correct
for the generated regressor bias. Based on the SVAR estimation, we re-sample residuals and re-estimate both the quantile regression and the SVAR after each re-sampling.8
Confidence bands are constructed by using the standard deviation of the bootstrapped
estimations. Information criterion suggest a model with 1 to 4 lags (Table 2). We use
4 lags in the SVAR to be consistent with the projection of the distribution of GDP 4
quarters ahead.
Table 2: Lag order of the VAR according to information criterion

Lag order

1

2

3

4

5

6

7

8

Akaike criterion
11.49 10.95 11.00 10.86 10.92 11.13 11.16 11.10
Schwarz criterion
12.33 12.50 13.27 13.84 14.62 15.54 16.29 16.94
Hannan-Quinn criterion 11.83 11.58 11.92 12.07 12.43 12.92 13.24 13.47

Note: Smallest information criteria in bold.

8

We re-sample from the fitted residuals rather than drawing from a normal distributions to avoid
making an assumption on the shape of the residuals that would not be consistent with our quantile
regression. Equivalently, we could re-sample from a fitted empirical kernel density on the residuals to
avoid the normality assumption.
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5
5.1

Results
Macroeconomic and financial stability risks

Figure 7 shows the evolution of the estimated coefficients of the quantile regression. Credit
growth has a stronger negative impact on GDP growth at lower quantiles with no significant impact at the highest deciles. This strong negative effect reflects in part the focus
on cumulated credit growth over two years and the projection at a one year horizon. The
OLS estimator (plain horizontal line) reveals the same negative relationship. Financial
stress has also a large negative impact on the left tail of future GDP growth, consistent
with the results of Adrian et al. (2018). Higher financial stress is also associated with
a somewhat higher upper tail of GDP, presumably because small increases in financial
stress are associated with periods of boom or because elevated levels of financial market
stress in the short run are associated with a stronger recovery after a year. OLS estimates of the interest rate or the macroprudential measures are not significant. However
this hides a heterogenous pattern depending on the quantiles of the distribution of GDP.
Higher policy rates lower GDP growth below the median. But higher policy rates are
also associated with higher future GDP growth in the top deciles, as central banks raise
rates when the economy is doing well. Macroprudential policies usually have a direct
negative impact on GDP growth. But it is associated with stronger GDP growth when
an economic downturn occurs one year later, while it does not significantly affect GDP
growth when the economy is booming.
Figure 8.a shows the projected distribution of future GDP growth. The 95th quantile
has been decreasing over time consistent with a lower volatility of the economy and a
lower potential growth of GDP. However, the 95th quantile remains quite stable compared
to the 5th quantile that is characterized by large and persistent swings. The skewness
of the lower tail of future GDP (Adrian et al., 2018) is amplified around stressful events
like the 1990 housing price correction, the 1999 Asian and Russian crisis and the 2008
Great Recession. Figure 8.b further decomposes the drivers of the lower tail of future
GDP growth. The accumulation of credit is the main contributor to downside GDP
risks. It amplifies tail GDP risks several years ahead of a potential correction in GDP.
Conversely, financial market stress contributes mostly when a stress event materializes.
Credit growth started to increase in the early 2000s, gradually worsening GDP risks. As
credit slows in the beginning of the 2008 crisis, financial market stress leads to a sharp
amplification of GDP tail risks. Macroprudential easing in the run-up to the 2008 crisis
was contributing significantly to the worsening of tail GDP risk. Conversely, the rounds
of macroprudential tightening since 2008 contributed to a reduction in tail GDP risks by
up to one percentage point. Absent these policy actions, GDP at risk would have been
significantly lower since the end of the 2008 episode.
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Figure 7: Quantile regression coefficients

Notes: Benchmark estimation of percentiles (horizontal axis) of the one year-ahead real GDP annualized
growth. 66 percent confidence bands. The horizontal line is the the OLS estimate, if it is significant
(plain) or not (dashed).
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Figure 8: Distribution of one year ahead GDP growth
(a) Projected distribution versus realization

(b) Decomposition of GDP at risk (5th quantile)

Notes: .

Figure 9 shows the evolution of financial stability risk, the difference between the
median and the 5th percentile of future GDP growth, against a measure of macroeconomic
stabilization, the output gap as estimated by the Bank of Canada. Financial stability
risks increase mostly when the output gap turns positive and the economy overheats, with
the exception of the early 1980s, the late 1990s and the recent years since 2014. Figure 9
shows this pattern around the 2008 stress event. Financial stability risks first increased
gredually as the output gap remained positive. Then financial stability risks reached
its maximum in 2008Q4 when the output gap closed under the pressure of the Great
Recession. Eventually financial stability risks start to decrease as the recession unfolds
in 2009. This illustration suggests that monetary policy, by targeting a zero output gap,
could contribute to a stabilization of financial stability risks.

5.2

Monetary policy and financial stability risks

The direct effect of the policy rate is to increase the dispersion of the distribution of future
GDP growth by reducing its lower tail, reducing its median and increasing its upper tail
(Figure 7). The cost of raising interest rates is relatively more concentrated in the lower
tail of GDP growth. This likely reflects the existence of non-linearities: in a vulnerable
environment, higher interest rates can slow GDP growth enough to trigger a recession.
The indirect effect of monetary policy on the accumulation of credit is displayed in
Figure 10. Following a one standard deviation monetary policy shock, macroeconomic
risks increase as both GDP growth and inflation decrease. The distribution of future
GDP growth (Figure 11) narrows contemporaneously to the shock, but widens in the
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Figure 9: Evolution of the macroeconomic versus financial stability tradeoff
(a) Evolution over time

(b) Evolution around 2008

Notes: Macroeconomic stability risks is proxied by the output gap. Financial stability risk is defined
as the difference between the median and the 5th percentile of the one year-ahead GDP growth, both
estimated from a quantile regression.

first year. The distribution of future GDP growth narrows in the second year as credit
growth decreases.
Overall, financial stability risks tend to be larger one to two years after the monetary
policy shock, but financial stability risks are lower in the medium term. This suggests that
monetary policy can successfully target the intermediate objective of a macroprudential
authority by curbing credit growth. But the financial stability gains are delayed and
quantitatively small while the macroeconomic costs are felt immediately.
Figures 10 or 11 shows that both the one year-ahead 5th percentile and median GDP
growth decrease following a monetary policy shock. This illustrates the drawback of
directly using GDP at risk as a measure of financial stability risks that partly reflects
movements in the median of the distribution of future GDP growth.

5.3

Macroprudential policy and financial stability risks

The direct effect of a macroprudential tightening is to increase the lower tail of future GDP
growth, decrease the median, while leaving the upper tail approximatively unchanged
(Figure 7). Macroprudential policies slow down the economy but reduce the severity of
a potential recession.
The indirect effect of a macroprudential tightening is to lower credit growth after a
year (Figure 12). Macroprudential policy is not always accompanied by an immediate reduction in credit because of a pull-forward effect. Credit sometimes temporarily increase
in anticipation of future macroprudential tightening which may delay the effect of macroprudential measures by a few months (Kuncl, 2016). Lower credit growth significantly
improves the lower quantiles of future GDP growth while the median future GDP growth
is edging lower up to 2 years later 13.
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Figure 10: IRF following a one standard deviation monetary policy shock

Notes: Financial stability risk is defined as the difference between the median and the 5th percentile of
the one year-ahead GDP growth, both estimated from a quantile regression. Bootstrapped 60 percent
confidence bands.

Figure 11: Evolution of the distribution of future GDP following a one standard
deviation monetary policy shock
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Overall, a temporary tightening of one macroprudential instrument (an increase of our
macroprudential index by one unit) is associated with a persistent reduction of financial
stability risks by more than 0.3 percentage points during 3 years.
Figure 12: IRF following a one standard deviation macroprudential policy shock

Notes: Financial stability risk is defined as the difference between the median and the 5th percentile of
the one year-ahead GDP growth, both estimated from a quantile regression. Bootstrapped 66 percent
confidence bands.

6

Applying the framework to inform policy decisions

Our new framework provides a flexible assessment of future risks to the outlook. The
distinction of macroeconomic and financial stability risks in a unified framework should
prove useful for a regulator or a central bank with a financial stability mandate. The two
types of risk allows for the use of two different set of instruments, targeting the central
moment of the future distribution of GDP or the magnitude of the downside GDP risks.
Monetary policy and macroprudential policies have different impact on the distribution
of future GDP growth. Yet both instrument may be complement or substitutes. In this
section, we show how our framework can be used as a tool to effectively communicate on
the appropriate policy mix to balance macroeconomic and financial stability objectives.
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Figure 13: Evolution of the distribution of future GDP a one standard deviation
macroprudential policy shock

6.1

How can the distribution of future GDP inform the choice
of a monetary policy path?

Similar in spirit to Poloz (2014), we measure the trade-off between macroeconomic and
financial stability risks implied by different paths of interest rate normalization (Figure
14). To create a realistic reference point, we use a policy rate scenario consistent with the
projections of Canadian commercial banks as our base-case projection until 2022 (solid
green line, Figure 14.a).9 We perform simulations over the period 2018-2022 by matching
a specific monetary policy path using an appropriate sequence of rate shocks, holding
monetary policy constant. Given the simulation obtained for macroeconomic variables
from the SVAR, we project the distribution of future GDP growth using the quantile
regression framework. Macroeconomic risks are summarized via an equally weighted loss
function of the deviation of GDP growth from potential growth and the deviation of
inflation from the target rate. We assume that potential GDP growth is 1.8 percent, in
line with Bank of Canada estimates (Bank of Canada, 2018).10 Figure 14.b reports the
financial stability and macroeconomic risks for each policy rate path under consideration.
9

We take the median forecast of the policy rate, GDP growth and inflation from the largest seven
financial institutions in Canada that represent more than 90% of the market. After 2020Q3, we assume
that the economy returns to its steady state with a neutral rate of 3.5 per cent. This coincides with
inflation reaching its 2 per cent target and GDP growing in line with potential at 1.8 per cent (Bank of
Canada, 2018).
10
We specify our macroeconomic risk as a loss function of the growth rates. Given that output gap is
close to zero at the beginning of our experiment in 2018, a similar picture would be obtained by using
the deviation of GDP from its potential in level. Using growth rates is straightforward given that our
models are estimated in growth rates.
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Both risks are averaged over 2018-22 to capture the delayed effect of interest rate changes
on slow moving credit growth. Future risks are discounted using the policy rate.
A normalization of the policy rate faster than the base case corresponds to a shift from
the solid green line toward the dashed red line in Figure 14.a. The economic outcome
is shown in Figure 14.b as the movement along the dashed black line from the green
dot toward the red triangle. Raising rates faster reduces financial stability risks by
progressively curbing the accumulation of credit, but this comes at the cost of slower
GDP growth over most of the projection horizon.
This average tradeoff hides a temporal tradoff, in line with the analysis of impulse
responses. At a shorter horizon, a faster rate normalization is associated with a larger
financial stability risk, while the benefit of a faster rate normalization arises only after two
years. However, the apparent financial stability benefit is triggered by a recession that
depresses the median path of GDP growth if the normalization is too fast. We denote
in thick red dashes the part of the frontier that is associated with a recession occurring
sometimes during our projection horizon. So only an additional reduction in financial
stability risks by 25 basis points of GDP growth is accessible to the policy maker via a
faster rate normalization.
Conversely, a normalization of the policy rate slower than base case corresponds to a
shift from the solid green line toward the dashed blue line in Figure 14.a. The economic
outcome is shown in Figure 14.b as the movement along the dashed black line from
the green dot toward the blue square. Risks increase in both dimensions with a larger
accumulation of households debt with excessive GDP growth above potential.

6.2

Are macroprudential policies better suited to tackle financial stability risks?

The analysis of alternative monetary policy paths assumed no macroprudential changes
over 2018-2022. However starting in 2018Q1, a new round of macroprudential tightening
was implemented. We now want to consider the same monetary policy paths by also
including the 2018 change in mortgage underwriting guidelines. For this purpose, we
calibrate the path of the policy rate and macroprudential index using an appropriate
sequence of rate and macroprudential policy shocks.
Figure 14 displayed a simulation without macroprudential policy in 2018. Figure
15 adds the policy frontier obtained via simulations that include the effect of the 2018
macroprudential tightening. The introduction of macroprudential tightening reduces the
average financial stability risk over 2018-22 significantly more than tighter monetary
policy. In the base case monetary policy scenario, financial stability risks are reduced by
70 basis points of GDP growth, compared to a maximal reduction of financial stability
risks by 25 if monetary policy is fully used over 2018-2022.
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Figure 14: The pace of monetary policy affects the financial and macroeconomic
risk tradeoff
(a) Hypothetical normalization paths

(b) Tradeoff for each path

Notes: The interest rate paths of Figure a are extreme scenario anchored around the average normalisation path expected by the main Canadian banks in early 2018. Financial stability and macroeconomic
risks in Figure b are the discounted average over the 2018-22 projection horizon. Moving along the black
line in Figure b corresponds to picking an interest rate path closer to the red dashed or to the blue
dotted lines in Figure a. Part of the policy frontier in Figure b with a thick red dashed line corresponds
to scenarios that generate a recession sometimes over the horizon.

The introduction of oen round of macroprudential policy in our simulations over
2018-2022 generate additional room for monetary policy actions. When macroprudential
policy is tighter, the base case monetary policy normalization is closer to the tipping
point of the policy frontier with the minimal macroeconomic risks: no further monetary
policy tightening is needed to minimize the macroeconomic risks of letting the economy
overheat. The zone of the policy frontier associated with a recession is also further away
in the macroeconomic risk space, potentially leaving more room for monetary policy
tightening.

6.3

When should one be concerned by financial stability risks ?

The tradeoff between financial stability risks and macroeconomic risks matters to the
extent that financial stability risks are associated with severe negative realizations of
GDP growth. We assess if the tail of the GDP growth distribution is becoming large
enough for the policy maker to be concerned about it. However, the number of Canadian
events characterized by a widening the distribution of future GDP is limited. We rely
on a cross-country analysis to encompass a larger number of crises and financial stress
events.
We rely on a two-step strategy. First, we estimate Equation (3), the panel quantile
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Figure 15: The effect of monetary versus macroprudential policies on the financial
and macroeconomic risk tradeoff

Notes: Financial stability and macroeconomic risks are the discounted average over the 2018-22 projection
horizon. Moving along the black line in Figure b corresponds to picking an interest rate path closer to
the red dashed or to the blue dotted lines in Figure 14.a. Part of the policy frontier with a thick red
dashed line corresponds to scenarios that generate a recession sometimes over the horizon. The horizontal
threshold divides the financial stability risk space into medium or low risks. It is estimated by performing
a cross-country estimation of the quantile regression used for Canada and identifying a medium and high
risk threshold by comparing the cross-country variations in financial stability risks against episodes of
banking crises or high financial market stress.
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regression version of Equation 1 for c = 16 countries.11

q
GDPt,c = αc + αq + γ1q M APt−4,c + γ2q GDPt−4,c + γ3q πt−4,c + γ4q Rt−4,c + γ5q Creditt−4,c + γ6q F SIt−4,c + ξt,c

We follow the estimation strategy of (Canay, 2011) and assume that country fixed effects
are location shifters αc of the distribution of future GDP growth. The country fixed effects
are not specific to each quantile of the distribution of future GDP within each country.
This is a plausible assumption as we work with a relatively similar set of developed
countries that tend to experience GDP growth rates of the same magnitude. The kernel
density of real GDP growth for each country (on a balanced sample) is somewhat similar
(Figure 16).12
Second we use the projected time series of financial stability risks for the 16 countries
and find the levels that are associated with a subsequent crisis where financial stability is
impaired. Crises with financial stability costs are defined as systemic banking crises (as
defined by Leaven and Valencia (2013)) or periods with elevated financial market stress
(above the 90th percentile of the country-specific distribution of financial stress indices
of Duprey et al. (2017b)). For each possible threshold τ of the financial stability risk
measure across countries (GDPcq=50 − GDPcq=5 ), we compute the ratio of missed crises
(type 1 error rate or T 1) and the ratio of false alarms (type 2 error rate or T 2). We pick
the threshold level of financial stability risk that minimizes the frequency of type 1 or
type 2 errors, given some preferences θ of the regulator over each type of error. Equation
(4) formalizes our estimation strategy that builds on the early-warning literature (see for
instance Sarlin (2013)).
{GDPcq=50 −GDPcq=5 <τ |crisis in T periods}
{crisis in T periods}
q=50
{GDPc −GDPcq=5 >τ |no crisis in T periods}
T 2(τ ) =
{no crisis in T periods}
min
θ · T 1(τ ) + (1 − θ) · T 2(τ )

T 1(τ )

=

(4)

τ

We consider a time window of T = 2 years and compute three thresholds over different
preferences θ = {0.4; 0.5; 0.6}. Picking a lower θ means that the threshold is associated
with a larger ratio of missed crises. Financial stability risk breaches the threshold less
often (the threshold is higher), but when the threshold is breached it is most likely
associated with a subsequent crisis. By using multiple thresholds, we acknowledge that
there is no unique cut-off level of financial stability risks that would warrant a policy
action. It is rather a matter of intensity of the financial stability concerns.
11

Australia, Belgium, Canada, Denmark, Finland, France, Germany, Italy, Japan, the Netherlands,
Norway, Spain, Sweden, Switzerland, the United Kingdom and the United States.
12
Norway and Finland are more platycurtic given the large swings in GDP growth they experienced
during the banking crisis of the 1990s.

31

Table ?? provides summary statistics on the informativeness of the three estimated
thresholds by reporting the average type 1 and type 2 errors across all countries. Figure 14
displays the partition of the tradeoff together with the thresholds estimated cross-country.
Only one threshold is displayed as only the lowest threshold is in the neighbourhood of
the tradeoff. The green area below the threshold represents the relatively safer zone for
financial stability risks while the orange area above the threshold represents the area
where financial stability risks may be a source of concern.13
Figure 16: Kernel distribution of real GDP growth across 16 developed countries
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Robustness
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Conclusion

We propose a framework grounded in empirical analysis that makes financial stability
measurable and allows policy makers to easily see existing tradeoffs between macroeconomic stability, i.e. expected median GDP growth, and financial stability, tail risks
to GDP growth relative to the median. Within this framework, we find that macroprudential policy is more effective than monetary policy at reducing financial stability
risks, especially through the credit channel. Moreover, macroprudential policy influences
the tradeoff monetary policy faces between macroeconomic and financial stability risks.
13
For simplicity, the tradeoff chart is computed as the average stability risks over the projection horizon
2018-2022. However such approach may hide financial stability risks concentrated more in the longer
run.

32

As such, macroprudential policy can potentially buy monetary policy more flexibility to
reduce macroeconomic stability risks.
Our novel integrated setup can be used by a regulator–or monetary authority with
a financial stability mandate–as a simple communication tool to effectively contrast the
macroeconomic and financial stability risks it faces. The framework could be easily integrated into larger macroeconomic models or used to study various policy combinations,
including fiscal policies.
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Table 3: Macroprudential events in Canada since 1992
Implementation Type
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1992Q1
1998Q2
2003Q3
2004Q1
2005Q3
2006Q1
2006Q2
2006Q4
2006Q4
2007Q1
2007Q3
2008Q4
2008Q4
2008Q4
2009Q4
2010Q2
2010Q2
2011Q1
2011Q2
2011Q2
2012Q3
2012Q3
2012Q3
2016Q1
2016Q3
2016Q4
2016Q4
2017Q2
2018Q1
2018Q1

Description

easing
LTV
maximum LTV from 90 to 95% for first time home buyers
easing
LTV
maximum LTV from 90 to 95% to all home buyers within regional house price limits
easing
insurance access removal of regional house-price caps on mortgage insurance access
easing
insurance access minimum down payment of 5% can be borrowed (CMHC)
easing
LTV
maximum LTV from 90 to 95% for variable rate mortgages
easing
amortization
maximum amortization from 25 to 30 years
easing
amortization
maximum amortization from 30 to 35 years
easing
amortization
maximum amortization from 35 to 40 years
easing
LTV
maximum LTV from 95 to 100%
easing
insurance access insured mortgages for self-employed by CMHC
easing
LTV
maximum LTV from 90 to 95% for refinancing
tightening LTV
maximum LTV from 100 to 95%
tightening amortization
maximum amortization from 40 to 35%
tightening DSR
maximum total debt service ratio of 45%
easing
taxes
tax credit for first time home buyers and renovations
tightening LTV
maximum LTV from 95 to 90% for refinancing and from 95 to 80% for investment properties
tightening DSR
maximum total debt service ratio of 45% based on five year fixed posted rate of the Big 6 banks
tightening amortization
maximum amortization from 35 to 30%
tightening LTV
maximum LTV from 90 to 85% for refinancing
tightening insurance access no insurance for non-amortizing lines of credit secured by homes
tightening LTV
maximum LTV from 95 to 80% for house prices over $1 million and from 85 to 80% for refinancing
tightening amortization
maximum amortization from 30 to 25 years
tightening DSR
maximum gross debt service ratio of 39% and total debt service ratio of 44%
tightening LTV
maximum LTV from 95 to 90% for house prices between $0.5 and $1 million
tightening taxes
Foreign buyer tax in Vancouver of 15%
tightening DSR
DSR limit computed with the higher of the contractual mortgage rate or the Bank of Canada conventional five-year posted mortgage rate
tightening insurance access current rules for access to government insurance of mortgages with high LTV ratios applied to mortgages with low LTV ratios
tightening taxes
Foreign buyer tax in the Greater Golden Horseshoe area (around Toronto) of 15%
tightening taxes
Foreign buyer tax in Vancouver from 15 to 20% with extended geographical coverage
tightening insurance access non-insured high LTV ratio mortgages qualify at the greater of the contractual mortgage rate plus 2 percentage points
or the Bank of Canada conventional five-year posted mortgage rate

Notes: All those macroprudential changes concern government backed mortgage insurance rules, except the last macroprudential measure of 2018Q1 and the
federal or provincial taxes. For more details on the changes, refer to Cheung (2014), Kuttner and Shim (2016), Allen et al. (2018), or Bank of Canada (2017) for
the latest measures. Kuttner and Shim (2016) also classify reserve requirements as macroprudential measures (gradually removed in 1992-4) but fail to capture
the rest of the macroprudential easing prior to 2008.

