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Abstract

Following the crisis, macroprudential regulations targeting mortgage-market vulnerabilities were

widely adopted, their success often depending on intermediaries’ responses. We show that

Canadian banks behaved strategically to limit the potency of recently implemented mortgage

stress tests, requiring borrower qualification based on the mode of 5-year rates posted by the

Big 6 banks rather than transaction rates. The government aimed to cool credit markets, but

since many mortgages are government-insured, Big 6 interests were not aligned. Using DiD

comparing changes in 5-year spreads with 3-year spreads, unaffected by the policy, we find rates

were lowered encouraging continued borrowing, muting the tests’ impact.
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rate-benchmark manipulation.
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1 Introduction

In the wake of the financial crisis, macroprudential regulations targeting vulnerabilities on the bor-

rower side of the mortgage market have been widely adopted. Mortgage eligibility criteria such as

restrictions on loan-to-value (LTV) and debt-to-income (DTI) ratios have been used to contain lever-

age growth and mortgage default risk. Based on a survey of bank regulators from 36 countries in

2010, Crowe et al. (2013) show that about half had implemented policies restricting LTV and DTI

ratios.

In this paper we provide evidence suggesting that banks may have behaved strategically to limit

the potency of macroprudential policies implemented in Canada by manipulating an interest-rate

benchmark. Since 2008, interest rates in Canada have been declining, reaching record lows in 2016.

The low rates stimulated housing demand, allowing borrowers to take out larger mortgage loans than

they otherwise could have afforded. Worried that large-scale mortgage default might occur should

rates rise quickly causing sharp increases in mortgage payments, the Department of Finance and the

Office of the Superintendent of Financial Institutions (OSFI) introduced a series of four stress tests

between 2010 and 2018 (described in detail in Section 3) that applied restrictions to a greater and

greater set of mortgage products, the first two targeting short-term mortgages, and the last two,

longer-term contracts.

As with similar stress examinations implemented in the UK and in Hong Kong, the Canadian

tests aimed to restrict qualification for mortgages by tightening DTI constraints. DTI restrictions in

Canada specify that a borrower’s mortgage payment, housing expenses, and other debt obligations

cannot account for more than a fixed percentage of their gross income. Prior to the implementation

of the stress tests, mortgage payment calculations were usually performed using the interest rate

specified in the contract. This changed under the new rules. Henceforth, borrowers were required to

satisfy the DTI restrictions even if the interest rate were to rise to the level of the qualifying rate,

derived weekly from the mode of the 5-year fixed rates posted by the largest six banks in Canada

(i.e. the Big 6).1

1The Big 6 includes Bank of Montreal (BMO), Bank of Nova Scotia (BNS), Canadian Imperial Bank of Commerce
(CIBC), National Bank of Canada (NBC), Royal Bank of Canada (RBC), and Toronto-Dominion Bank (TD).
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We examine how the Big 6 Canadian banks adjusted their 5-year posted rates to influence mort-

gage qualification in the period surrounding the policy changes. The new qualifying rate should

typically be higher than the contract (transaction) rate, since most consumers negotiate to receive

a discount off the posted rate (see Allen et al. (2014) and Allen et al. (2019)). Therefore, if the big

banks continued to set 5-year posted rates in the same way as before the implementation of the stress

tests and if consumers stuck with their originally preferred mortgage products, the new qualification

rules should have had a significant impact on access to credit, as intended by the government. Indeed,

Bilyk & teNyenhuis (2018) show that mortgage activity slowed somewhat following the stress tests.

The question we pose in this paper is whether this slowdown was muted by a strategic response on

the part of the Big 6 banks, whose interests were not aligned with those of the government. Tougher

qualification standards lower the demand for the banks’ products and they are less concerned about

mortgage-market overheating. Moreover, many of the mortgages issued are government-insured, such

that banks do not bear the costs of consumer default. As a result, the Big 6 had incentive to ma-

nipulate their 5-year posted rates in an effort to limit the impact of the stress tests and ensure that

consumers continued to borrow from them.

The objective of our empirical analysis is to test for a strategic reaction on the part of the Big 6

to the rule changes. To do so, we use publicly available data from the Bank of Canada and CANNEX

Financial Exchanges, and adopt a difference-in-differences framework. We compare the Big 6’s 5-

year posted rates before and after the implementation of each of the stress tests. Since other factors

could influence the evolution of the 5-year rate over this period, we control for general trends in rate

setting using the 3-year posted rate, which was not directly affected by the policy changes. In order

to account for funding cost changes for both 3-year and 5-year contracts, we use spreads (between

posted rates and funding costs) to generate our dependent variables.

Our main outcome variable of interest is the modal 5-year posted rate, since it influences the

qualification rule. Our findings reveal patterns consistent with manipulation on the part of the Big

6. Following the last two stress tests, which targeted longer-term contracts (5-year terms and up),

the Big 6 restrained the qualifying rate from rising in accordance with the surging funding cost.

Specifically, we find that, relative to the 3-year modal spread, the 5-year modal spread fell by 43
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basis points (bps).

In addition to the mode, we also investigate the impact on mean 5-year spread to see whether the

banks’ individual incentives differ from their collective incentives. If qualifying standards are based

on transaction rates, individual lenders have incentive to keep posted rates as high as possible: a

higher posted rate allows banks to more easily engage in price discrimination (Allen et al. (2014)

and Allen et al. (2019)) and also to impose higher prepayment penalties,2 since these are a function

of the posted rate. We find that, relative to 3-year spreads, the mean 5-year spread fell by only 13

bps. The fact that the mean fell by so much less than the mode provides evidence that a tension

exists between the banks’ individual incentives to keep rates high and their collective incentive to

lower rates for qualification purposes.

Finally, we also analyse how the Big 6 manipulated the qualifying rate following each of the

first two stress tests that targeted short-term contracts—those with fixed-rate terms of less than 5

years and all variable-rate mortgages. Importantly, although the tests targeted short-term contracts,

the qualifying rate was nonetheless determined based on the modal 5-year rate in order to make

qualification more difficult (since the 5-year mode is higher than the 3-year mode). In light of our

findings regarding the second set of stress tests, one might expect the Big 6 would also manipulate

the qualifying rate downwards to make qualification easier following the first set of tests. However,

we find the opposite: the mode of the 5-year spreads increased by more than 30 bps relative to the

3-year spreads. Why would the Big 6 have incentive to make it even harder for borrowers to qualify

for short-term mortgages? The explanation is intuitive: borrowers could easily circumvent the tests

by switching to untested longer-term (5-year) contracts sold by the Big 6, and the banks had an

incentive to encourage this switching because longer-term contracts are more profitable.3 Therefore,

2A prepayment penalty is imposed on borrowers paying off their loans before the term is up. It is usually the
greater of three months interest and the interest rate differential. When the remaining term is still long at the
point of prepayment, the latter is normally much higher. The interest rate differential is often calculated using
the posted rates at origination and at prepayment. Therefore, prepayment penalty is normally increasing in the
posted rates at origination. See https://www.canada.ca/en/financial-consumer-agency/services/mortgages/reduce-
prepayment-penalties.html#toc3 for a more detailed description.

3Longer-term contracts are more profitable because they feature higher price ceilings and more room for price
discrimination. Furthermore, income constrained borrowers failing the stress test for short-term mortgages may have
more inelastic demand for longer-term contracts, allowing the Big 6 to achieve higher spreads. We discuss the relative
profitability of 5-year contracts further in Section 3.
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although the Big 6 appeared to toughen qualification standards following the first set of tests, in fact

their actions benefited themselves and did not help to curb credit expansion.

Turning back to the second set of stress tests, we use our estimates to provide insight into what

would have happened to the decline in mortgage originations had the banks not manipulated the

qualifying rate after the tests came into force. To do so we investigate what fraction of contracts

originated prior to the implementation of the second set of tests would fail under different qualifying

rates. Specifically, we use the loan-to-income distribution to back out the DTI distribution assuming

a particular qualifying rate, and we then calculate the share of mortgages that fail to meet the

DTI restriction. This share varies with the qualifying rate, and our back-of-the-envelope calculation

suggests that 25% more insured mortgages and 12.4% more uninsured mortgages would have failed

the stress tests had the qualifying rate not been manipulated.

In the next section, we discuss related literature. In Section 3, we provide more details regarding

the Canadian mortgage market and the mortgage rate stress tests. Section 4 presents the data.

Section 5 describes the empirical methodology and the results. Section 6 investigates the impacts of

manipulation. Section 7 concludes.

2 Related Literature

Our paper contributes to a recent literature that studies the effectiveness of housing-related macro-

prudential policies.4 Igan & Kang (2011) find that tightening constraints on LTV and DTI helped

to cool down the housing market in Korea. Krznar & Morsink (2014) find that tighter restrictions

on LTV and DTI ratios helped to rein in house-price and mortgage-credit growth in Canada from

2000 to 2012. Corbae & Quintin (2015) suggest that the exogenous relaxation of DTI restrictions

facilitated more originations of high-LTV mortgages during the US housing boom and accounted

for more than 60% of the foreclosure rate spike afterwards. Greenwald (2018) also argues that the

loosening of DTI restrictions played a major role in the recent financial crisis, and he advocates

macroprudential regulations limiting DTI rather than LTV as a more effective policy for stabilizing

4See Damar & Molico (2016) for a general overview of macroprudential policy tools and their effectiveness in
stabilizing the financial system based on both Canadian and international evidence.
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housing and mortgage markets. Allen et al. (2017) show that over the period 2005 to 2011 borrow-

ers in Canada were more likely wealth-constrained than income-constrained, hence they responded

more to policies targeting LTV than to DTI policies. Benetton (2018) suggests that LTV constraints

lower borrower defaults, but have negative influence on origination and consumer surplus. More-

over, when interacted with a risk-weighted capital regulation, the LTV restrictions could reduce big

lenders’ equity buffers and increase systemic risk. There are also some cross-country studies using

rich panel data to investigate the effectiveness of macroprudential policies and in particular housing

related tools (e.g. Vandenbussche et al. (2015), Zhang & Zoli (2016), Cerutti et al. (2017), Akinci &

Olmstead-Rumsey (2018), and McDonald (2018)).

We are related to the literature examining frictions that limit the transmission of various policies

to the housing market. Benetton et al. (2019) describe how the transmission of the UK’s funding for

lending scheme is impaired by price-discriminatory behavior on the part of banks. In Agarwal et al.

(2017) product design is shown to have limited the effectiveness of the Home Affordable Modification

Program, while in DiMaggio et al. (2017) contract design influences monetary policy pass through.

Our paper is closely related to a new empirical literature that studies agents’ strategic responses to

macroprudential policies. Han et al. (2017) show that the impact of a macroprudential policy aimed

at cooling the housing market was dampened due to home sellers’ strategic responses. They also

point out that macroprudential policy assessment should take into account the strategic responses of

the agents affected. DeFusco et al. (2019) study the impacts of the Dodd-Frank “Ability-to-Repay”

rule in the US mortgage market.5 The rule incentivized lenders to qualify borrowers using DTI

restriction because otherwise the cost of origination would be higher. They find that mortgages

violating the DTI constraint were priced higher, reflecting the pass-through from higher origination

cost. More interestingly, they find lenders rationed their mortgage credit towards the low DTI

ratio market, and hence further reduced the quantity of high-DTI mortgages, reinforcing the policy

impact. Agarwal et al. (2018) show that in response to a macroprudential policy that tightens

collateral requirements in Singapore, lenders relaxed mortgage qualification along other unregulated

dimensions to avoid excess funding liquidity. Acharya et al. (2019) find that following the introduction

5See also Bhutta & Ringo (2015), Gissler et al. (2016) and D’Acunto & Rossi (2017) for analysis of the response
to this policy.
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of macroprudential regulations limiting the LTV and DTI for residential mortgages in Ireland, banks

encouraged qualified borrowers to borrow closer to the limits by offering lower rates, reallocated more

credit supply towards business loans, and increased their holdings of risky securities.

More broadly, we are related to a small, but growing, literature studying banks’ manipulative

conduct. A number of recent papers study the manipulation of benchmark interest rates by banks.

Abrantes-Metz et al. (2012), Snider & Youle (2012), Youle (2014), Duffie & Stein (2015), Chen

(2017), and Bonaldi (2017) all study manipulation of the London Inter-bank Offered Rate (LIBOR),

which is an estimate of the interbank borrowing costs for unsecured funds and is calculated daily

as a trimmed mean of quotes submitted by a fixed panel of large banks. That being said, unlike

in the LIBOR scandal, there is no evidence in our case that banks directly communicated with

each other in order to coordinate rates. Gambacorta et al. (2019) find that in the Italian mortgage

market, due to profit maximizing incentives lenders might offer distorted advice regarding what type

of mortgage (fixed or variable rate) suits best the borrower’s need. Agarwal et al. (2015) show

that lenders effectively colluded with borrowers regarding collateral valuations in order to be able

to lend them larger amounts than dictated by capital providers, a behavior that they point out is

consistent with Zingales’s (2012) assertion that lenders bent the rules during the lead up to the crisis

in order to increase credit supply. Benzarti (2019) studies the reaction of lenders to the introduction

of additional borrower protections as a result of the Dodd-Frank Act. His results show that lenders

reduced interest rates in order to avoid the additional protection measures.

Finally, it should be noted that our individual-level stress tests focus on the household balance

sheet and act by tightening borrowers’ DTI constrains. This is different from both the sort of tests

proposed in Bhutta et al. (2019) to gauge the soundness of the mortgage market as a whole, and

also from the bank-level stress tests enacted in response to the crisis (see Kapinos et al. (2018) and

Hirtle & Lehnert (2015) for surveys).
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3 The Canadian Mortgage Market and the Stress Tests

In Canada, most mortgage contracts have 25-year amortization periods, but have terms of between

one and ten years, during which time the interest rate is either fixed or variable.6 For the purposes

of this paper, we define mortgage-terms with interest rates fixed for 5 years or greater as longer-

term contracts, and the remainder as short-term contracts (1- to 4-year fixed-rate contracts and all

variable-rate contracts). The most popular mortgage term is for 5-years at a fixed rate.7 The 5-year

term is also more profitable for lenders than is a shorter-term contract. Longer-term contracts are

characterized by higher price ceilings and more room for price discrimination. In addition, interest

rates had been declining from 2010 to 2016, and so long-term contracts were more profitable in such

an environment.8

The residential mortgage market is dominated by the largest six banks, also known as the Big 6.

Together, they fund about 90% of mortgages originated by federally regulated chartered banks, and

held approximately 70% of the total outstanding balances of residential mortgage credit as of January

2018. Table A1 provides an overview of these big banks. Each of the Big 6 lenders publishes “posted

rates” for fixed-rate mortgage products of various term length on its website. The posted rate acts

as a price ceiling, with borrowers normally able to negotiate with banks to receive discounts off the

posted rate and make mortgage payments according to the actual contract rates.9 Even if many

borrowers do not pay the posted rate, it can nonetheless play an important role. It is the starting

6Borrowers need to renew their mortgages and renegotiate for new interest rates when the mortgage terms mature.
Banks impose significant penalties for refinancing before the end of the term. Refinancing is uncommon in Canada,
unlike in the US. This is mostly because of the relative term length of the mortgage contract (5 years versus 30),
which makes the benefits from refinancing, that might come from lower interest rates relative to the large penalties
imposed, less attractive compared to simply waiting to renewal. Furthermore, refinancing in the US often occurs when
borrowers move. In Canada borrowers can port their mortgage, i.e. their mortgage can be transferred to the new
home.

7According to the Financial System Review published by the Bank of Canada in June 2018, 5-year fixed-rate
contracts accounted for around 45% of the outstanding mortgages as of May 31, 2018. A borrower with a 5-year
fixed-rate mortgage needs to renew the outstanding balance at the end of the term and negotiate for a new interest
rate. Unlike in the US, the share of mortgages that fix interest rates for more than 5 years is very small: around 4%
as estimated by the Canadian Association of Accredited Mortgage Professionals in 2010.

8There is anecdotal evidence suggesting that lenders prefer to have borrowers locked into long-term contracts when
they expect a declining rate trend. In January 2019, the largest bank in Canada, RBC, lowered its best available
discounted 5-year fixed rate by 15 bps, while raising the variable rate by 25 bps. This move made the 5-year fixed
rate contract much more attractive than its short-term mortgage products.

9See Allen et al. (2014) and Allen et al. (2019) for more details.
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point for negotiation, it signals the interest cost, and it is used for prepayment penalty calculations.

Most importantly for our purposes, with the implementation of the stress tests, the mode of the Big

6’s 5-year posted rates is now used as a benchmark in the mortgage stress tests to assess borrowers’

affordability.

In Canada, it is required by law to insure high-ratio mortgages, defined as mortgages with loan-

to-value (LTV) ratios greater than 80% at origination. The insurance protects lenders in the case of

borrower default, and covers the life of the mortgage. Mortgage insurance is provided by the Canada

Mortgage and Housing Corporation (CMHC), a federal Crown corporation, and two private entities:

Genworth Financial and Canada Guaranty. The Government guarantees 100% of the mortgage in-

surance obligations of CMHC, and 90% for the private insurers. The mortgage insurance premiums,

2.8%-4.0% of the loan amount depending on the LTV ratio, are always passed onto borrowers and

rolled into the loan. Although not subject to mortgage insurance eligibility rules, low-ratio mort-

gages (LTV ≤ 80%) originated by federally regulated lenders are subject to mortgage underwriting

guidelines B-20, which are established by the Office of the Superintendent of Financial Institutions

(OSFI).

Since 2008, mortgage rates in Canada have been declining and reached record low levels in 2016.

The low interest rates stimulated housing market activities, with home buyers taking out larger

mortgage loans than they otherwise could afford. Concerned about the stability of the housing

market, the Government (Department of Finance and OSFI) made a number of changes to mortgage

underwriting rules in recent years.10 To ensure that borrowers could meet their mortgage-payment

obligations in case of rising rates, four borrower qualification tests were introduced. These rules are

known as the “Stress Tests.” Similar tests were implemented in Hong Kong in 2010 and in the UK

in 2014, with mortgages tested for their ability to withstand higher interest rates by verifying that

borrowers could afford a 200 or 300 basis points increase in rates.

The first two Canadian stress tests targeted mortgages with fixed-rate terms of less than 5 years

and all variable-rate mortgages (short-term contracts). The stress test implemented in 2010 (hence-

10Policy changes other than the stress tests include reduction in LTV limit, reduction in maximum amortization
period, requirement on minimum credit score, requirement on minimum documentation standard for property value
assessment and income verification, etc.
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forth STI1) covered only insured mortgages, while the test enacted in 2012 (henceforth STU1)

extended the reach to include uninsured mortgages originated by federally regulated financial in-

stitutions (FRFIs). The final two stress tests covered the remaining mortgage products: fixed-rate

mortgage terms of 5 years or more (longer-term contracts). Again, the first test implemented in

2016 applied to insured mortgages (henceforth STI2), while the 2018 test applied to the uninsured

sector (henceforth STU2). For the first three stress tests, the qualifying rate was set as the greater

of the contract rate and the modal 5-year posted rate determined by the Big 6. For the last one,

the qualifying rate could be even higher: the greater of the contract rate plus 200 basis points and

the modal rate. All four stress tests are applied to borrowers at origination. For STU2, uninsured

borrowers are even subject to stress test at renewal should they renew their mortgage with a different

bank. Table 1 describes the stress tests in more detail.

Table 1: Stress Tests

Stress Test Timing Targeted Sector Coverage

STI1
Announced: Feb 16, 2010
Effective: Apr 19, 2010

Insured Mortgages
Variable-rate

Fixed-rate: 1-4 years

STU1

Proposed: Mar 19, 2012
Announced: Jun 21, 2012
Effective: Jun 21, 2012

Uninsued Mortgages
from FRFIs

Variable-rate
Fixed-rate: 1-4 years

STI2
Announced: Oct 3, 2016
Effective: Oct 17, 2016

Insured Mortgages
Variable-rate

Fixed-rate: 1-10 years

STU2

Proposed: Jul 7, 2017
Announced: Oct 17, 2017
Effective: Jan 1, 2018

Uninsued Mortgages
from FRFIs

Variable-rate
Fixed-rate: 1-10 years

Note: After STU1 was announced, OSFI required full implementation no later than fiscal year-end 2012 (Oct 31, 2012
for large Schedule 1 banks and Dec 31, 2012 for most of the other FRFIs), but expected FRFIs to comply as soon as
possible.

To understand the essence of the stress tests, we need to first define two debt-to-income ratios

that lenders and mortgage insurers use to assess a borrower’s ability to afford a mortgage contract:

gross debt-servicing ratio (GDS) and total debt-servicing ratio (TDS). These are defined as follows:
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GDS ≡
Mortgage Payment + Property Tax + Heating Cost + 50% of Condo Fee

Gross Income
,

TDS ≡
All Expenses in GDS + Other Debt Obligations

Gross Income
.

Prior to the introduction of the stress tests, insured mortgages were required to qualify under

two restrictions: (1) GDS ≤ 39% and (2) TDS ≤ 44%, with mortgage payments calculated using

the negotiated contract rates.11 There were no such restrictions on uninsured mortgages. Following

the introduction of the stress tests, mortgages were required to satisfy these debt-servicing ratio

restrictions with hypothetical mortgage payments calculated using the qualifying rate.

The qualifying rates are typically much higher than the negotiated contract rates. For example,

when STI2 came into effect, the qualifying rate was 4.64%, while the average contract rate for 5-year

fixed-rate mortgages was only 2.72%.12 Hence, the maximum loan amount for which a borrower

can qualify under the stress test is much smaller. The Big 6’s mortgage credit demand from the

borrowers and exposure to mortgage default risks are greatly affected by the qualifying rate.

4 Data

For the purpose of our empirical analysis, we collected posted rate data from CANNEX Financial

Exchanges. Our sample includes each of the Big 6’s posted rates for 3-year and 5-year fixed-rate

mortgages every Wednesday from January 2009 to June 2018. In addition, we obtained the conven-

tional 3- and 5-year mortgage rates from the Bank of Canada over the same period, also published

every Wednesday. The conventional (or benchmark) rate is the rate typically available from the Big

6. It is calculated as the mode of their posted rates.13 Finally, we collected information on the

11Prior to the stress tests, lenders were more conservative in qualifying variable-rate mortgages. Although not
mandatory, lenders might require calculating the GDS/TDS using the greater of the contract rate and the 3-year fixed
rate (either posted or discounted).

12For more details, see the Annual State of the Residential Mortgage Market in Canada published by the Mortgage
Professionals Canada in December 2016.

13Should there be no mode, the conventional rate is the rate closest to the Big 6 mean. Should there be more than
one mode, the conventional rate is the mode closest to the Big 6 mean. Should two modes be equidistant from the Big
6 mean, the mode composed of rates from the banks with the greater value of assets is used as the conventional rate.
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swap-adjusted 2-year and 4-year bond rates from Bloomberg to serve as cost proxies for 3-year and

5-year mortgages, respectively. The swap-adjusted bond rate is the bond rate plus an interest rate

swap spread that is required to change fixed cashflows to floating.14

Figure 1a displays the evolution of the 3-year and 5-year conventional rates along with their

funding cost proxies. When studying STI1 and STU1 we use data from July 2009 to December

2012. For STI2 and STU2 we restrict attention to a subsample of the data covering January 2016

to June 2018. From the figure it can be seen that banks respond to changes in their funding costs

by adjusting their posted rates. The figure also displays the dates of the policy changes and in our

empirical analysis below we will investigate the differences in the reaction of the 5-year and 3-year

rates to their respective funding cost changes.

Figure 1b shows rates at each of the Big 6. Table 2 shows the summary statistics for the Big 6’s

posted rates and the swap-adjusted bond rates in these two subsamples. Panel A covers July 2009

– December 2012, while Panel B covers January 2016 – June 2018. In each panel the first two rows

report summary statistics for the 3- and 5-year posted rates for each of the Big 6 lenders. The next

two rows display the Bank of Canada conventional rates. Note that the means of the posted rates

look very similar to the conventional rates. Finally, the last two rows report the swap-adjusted bond

rates.

Table 3 provides the first evidence of the impact of the two sets of stress tests. As mentioned

in the Introduction, and discussed in greater detail below, we expect the 5-year model rate to fall

relative to the 3-year model rate following the second set of stress tests, and we expect it to increase

following the first. This is exactly what we observe in the data. In the next section we elaborate

on our empirical methodology and control for changes in funding costs changes which may also have

affected rates at the same time.

14Banks use interest rate swaps to match the maturities of their deposit liabilities and mortgage assets. See Allen
& McVanel (2009) for further details. We have also tried other cost proxies such as the 3-year and 5-year government
bond rates; the results are unaffected. Data are available through Bloomberg as well.
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Figure 1: Evolution of Mortgage Rates

(a) Conventional Mortgage Rates and Funding Cost Proxies

(b) Big 6 Posted Rates

From left to right, the vertical dash lines indicate the start of STI1 (04/10), the proposal of STU1 (03/12), the
start of STI2 (10/16), the proposal of STU2 (07/17), and the official start of STU2 (01/18). The Big 6 includes Bank
of Montreal (BMO), Bank of Nova Scotia (BNS), Canadian Imperial Bank of Commerce (CIBC), National Bank of
Canada (NBC), Royal Bank of Canada (RBC), and Toronto-Dominion Bank (TD).
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Table 2: Summary Statistics

Panel A: July 2009 – December 2012

Variables Obs Mean SD Min Max

Big 6 lenders’ 3-year posted rates 1080 4.24 0.275 3.65 5.10

Big 6 lenders’ 5-year posted rates 1080 5.44 0.264 4.99 6.25

Conventional 3-year mortgage rate 180 4.20 0.245 3.70 4.75

Conventional 5-year mortgage rate 180 5.45 0.254 5.14 6.25

Swap-adjusted 2-year bond rate 180 1.50 0.289 0.94 2.24

Swap-adjusted 4-year bond rate 180 2.04 0.492 1.24 3.16

Panel B: January 2016 – June 2018

Variables Obs Mean SD Min Max

Big 6 lenders’ 3-year posted rates 780 3.58 0.247 3.39 4.30

Big 6 lenders’ 5-year posted rates 780 4.82 0.226 4.49 5.59

Conventional 3-year mortgage rate 130 3.58 0.318 3.39 4.30

Conventional 5-year mortgage rate 130 4.81 0.225 4.64 5.34

Swap-adjusted 2-year bond rate 130 1.38 0.541 0.62 2.39

Swap-adjusted 4-year bond rate 130 1.54 0.582 0.71 2.65

Note: Units are percentage points. Posted rate data is from CANNEX Financial Exchanges. Conventional
rate data is from Bank of Canada. Swap-adjusted 2-year and 4-year bond rates are from Bloomberg.

5 Empirical Analysis

5.1 Methodology

To identify the impact of the stress tests on the Big 6’s 5-year posted rates, we adopt a difference-in-

differences framework. We compare the changes in the posted rates for 5-year contracts before and

after the rule change to changes in posted rates for 3-year contracts. The 3-year contracts represent

an ideal control group for the second set of stress tests. They are not affected by the policy since
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Table 3: Average Conventional Mortgage Rates Before and After Rule Changes

STI1 STU1 STI2 & STU2

3-year 5-year 3-year 5-year 3-year 5-year

Before 4.210 5.500 3.980 5.235 3.390 4.680

After 4.645 6.075 3.950 5.400 4.068 5.110

Difference 0.435 0.575 -0.030 0.165 0.678 0.430

Diff-in-diff 0.140 0.195 -0.248

Note: Units are percentage points. Each before/after period consists of 10 weeks of observations.

the qualifying rate is only a function of the 5-year rates and so the stress tests do not alter the Big

6’s incentives when setting their 3-year posted rates. The 3-year posted rate is set in similar fashion

to the 5-year rate because they are close substitutes and the negotiation processes are very similar.

Moreover, as can be seen in Figure 1a, the two rates trend together prior to the implementation of

the tests. Formal evidence supporting the pre-treatment parallel trend assumption is provided in

Appendix A.5. For the first set of stress tests, 3-year rates may not be as suitable a control because

there is evidence that a few lenders may have been using these rates to determine qualification prior

to the implementation of the tests. We recognize this limitation, but argue in Section 5.3.3 below

that, if anything, this will lead to an underestimate of the manipulation that occurs.

Since banks set their posted rates in response to funding cost movements, our difference-in-

differences specification will need to control for the underlying funding cost trends. We define sji,t =

pji,t − bi,t as the spread between the posted rate and the corresponding swap-adjusted bond rate,

where j denotes bank identity, i denotes mortgage term (3 or 5 years), and t denotes time. Given

spreads sji,t for each bank, we then calculate the mean and the mode of Big 6’s spreads for every

week. These are the outcome variables of interest, yi,t.
15

15Note that this implicitly assumes that the pass-through from funding costs to posted rates is equal to one. Our
results are robust to reasonable alternative assumptions on the degree of pass through, but existing estimates for
Canada suggest that pass-through is almost complete (see Allen & McVanel (2009)). Alternatively, we could be more
flexible and use rates instead of spreads to construct the outcome variables and include funding-cost controls on the
right-hand side. The problem with this approach is that, in the context of our difference-in-differences specification,
this implies estimating rates of pass-through on short sample periods during which the funding cost does not vary
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The difference-in-differences regression specification is of the following form:

yi,t = αi + λt + Policyi,t × β + ǫi,t, (1)

where Policyi,t is an indicator variable that equals 1 for 5-year terms during the treatment period,

and β is the coefficient of interest that captures the impact of the policy change on the 5-year outcome

variable. αi is a mortgage-term fixed effect that absorbs the time-invariant determinants of 3-year and

5-year outcome variables. λt is a week fixed effect that controls for time-varying shocks common to

both 3-year and 5-year outcome variables. One might be concerned about the confounding influence

of other policy changes that occurred during our sample periods.16 However, these other changes

influenced the mortgage market as a whole and so the inclusion of the week fixed effects makes

separate identification of the impact of the stress tests possible.

5.2 The second wave of stress tests – Longer term

5.2.1 Timing

Our initial focus is on the second wave of stress tests: STI2 and STU2. We define the periods before

and after the policy change as follows:

• Benchmark Period (Before Period): Apr 27, 2016 - Oct 12, 2016 (25 weeks, Period 0).

• Treatment Periods (After Periods)

– Oct 19, 2016 - Apr 5, 2017 (25 weeks, Period 1), STI2 in effect.

– Jul 12, 2017 - Dec 27, 2017 (25 weeks, Period 2), STI2 in effect, STU2 expected.

– Jan 3, 2018 - June 20, 2018 (25 weeks, Period 3), both STI2 and STU2 in effect.

sufficiently.
16Examples include shorter amortization period and and lower refinancing amount. These policy changes mainly

targeted the insured mortgages. On January 17, 2011, Department of Finance announced measures to reduce the
maximum amortization period from 35 years to 30 years and lower the limit on refinancing from 90% to 85% of the
house value. On June 21, 2012, Department of Finance further decreased the maximum amortization period to 25
years and lowered the refinancing limit to 80% of LTV ratio.
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The window-size choices are based on the fact that we only have observations for 25 weeks in

periods 2. We have also tried to use different length of the before and after periods. The estimated

results are robust to these changes.

In the difference-in-differences regression, Equation 1 is estimated three times using observations

from periods 0 & 1, periods 0 & 2, and periods 0 & 3, respectively. The estimated β’s capture the

cumulative treatment effects: impact of STI2 alone, impact of STI2 combined with expected STU2,

and impact of STI2 plus STU2, respectively.

5.2.2 The Big 6’s Incentives and Hypothesis Development

In period 1, when STI2 came into effect, all insured mortgages were subject to the stress test.

Consider a borrower who would have chosen a 5-year insured mortgage had STI2 not been introduced.

If she insists on the same choice despite the presence of STI2, the maximum loan for which she could

qualify would be smaller. Alternatively, she could substitute towards a 5-year uninsured contract by

paying at least 20% down payment. The down payment might either come from unregulated lenders,

personal savings, or family and friends. Figure 2 shows the substitution pattern from insured to

uninsured mortgages. Whether it is because they are borrowing less or switching to other products,

the end result is the same: the borrower’s demand for insured mortgage credit from the the Big 6

shrinks substantially, lowering their profits and increasing the default risks they faced. In addition,

the mortgage demand shock might lead to excess funding liquidity in the short run, since it is costly

for banks to reoptimize their loan portfolio and reallocate credit supply to non-mortgage loans.

We therefore hypothesize that, to deal with the problems of shrinking demand, rising default

risk, and portfolio adjustment cost, the Big 6 had incentive to move the qualifying rate lower and

loosen the stress test.17 This incentive to collectively reduce rates in order to lower the qualification

rate is in conflict with the banks’ individual incentives to keep rates high. Suppose each individual

bank treats the qualifying rate as a constant and unaffected by its own rate, then high posted

rates are associated with high profit because (i) they allow the bank to more easily engage in price

17Note that, due to the underwriting rules, the Big 6 cannot extend the maximum amortization period to make
qualification easier.
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Figure 2: Uninsured Originations as Percent of Total Value Originated

The quarterly share of uninsured mortgages originated is obtained from Mordel & TeNyenhuis (2018). The vertical
dash lines indicate the proposal of STI2 (10/16) and the official start of STU2 (01/18).

discrimination and extract more rents from borrowers with high willingness to pay, and (ii) they

impose higher prepayment penalties and help prevent borrowers from refinancing when interest rates

decline. Moreover, the benefit of lowering the posted rate—investing in increasing customer base

and gaining market share—diminishes as mortgage demand shrinks.

We hypothesize that this conflicting incentive implies that the mean spread falls, but by less than

the mode. Consider a simple example, where bank A offers a 5% posted rate while banks B and C

each offer 6%. The mode (qualifying rate) is therefore 6%. Suppose that in order to make it easier

for borrowers to qualify the three banks would like to lower the mode to 5%, but at the same time

would like to keep their own rates as high as possible for the reasons just mentioned. Then each of

B and C hopes that the other lowers its rate to 5%, while themselves staying at 6%. Should one of

them lower its rate, the mean rate would drop by 0.33%, less than the 1% drop in the mode.

We summarize these hypotheses as follows:

Hypothesis 1. In period 1, with only STI2 in effect, the mean and the mode of the Big 6’s 5-year

spreads should have decreased, but the mode should have fallen by more than the mean.
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In period 2, with STI2 in effect and STU2 expected but not yet in place, borrowers find it less

attractive to circumvent STI2 by switching to uninsured 5-year mortgages. Even if the borrower

managed to do so at origination, she would eventually have to face STU2 at the time of refinance or

renewal.18 Therefore, although shrinking demand and rising default risk were still of concern to the

Big 6, the problems were less severe than in period 1. Because the banks’ individual incentives to

set high posted rates conflict with their collective incentive to lower the qualifying rate, we expect

that the mean spread falls less than the mode.

Hypothesis 2. In period 2, with STI2 in effect and STU2 expected, the mean and the mode of the

Big 6’s 5-year spreads should have decreased, but in each case by less than in period 1. Moreover,

the mode should have fallen by more than the mean.

Figure 3: Monthly Growth Rate of Outstanding Residential Mortgage Credit

Monthly growth rates are calculated using data from CANSIM table 176-0069 published by Statistics Canada.
3-month centered geometric moving average of the raw monthly growth rates are presented here to get rid of some
seasonal noise. The vertical dash line indicates the proposal of STU2 on July 7, 2017.

18Unlike the previous three stress tests, STU2 established stricter rules for qualifying mortgage renewals/refinances.
Borrowers with uninsured contracts need to pass the stress test if they wish to transfer their mortgages to another
bank. As a result, banks are able to retain more uninsured renewers and charge higher rates. According to RBC’s
Earnings Conference Call, in 2018Q3 and 2018Q4 the bank’s renewal rate increased from 87% to 92% after STU2 was
implemented. It also reported improved margins on mortgage renewals. Hence, STU2 exogenously increases switching
costs at renewal and should make uninsured 5-year contracts less appealing.
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In period 3, when both STI2 and STU2 were in effect, the substitution from insured to uninsured

5-year mortgages was no longer a concern to the Big 6. As shown in Figure 2, the share of uninsured

mortgages dropped substantially right after STU2 came into effect. However, from the figure we can

see that the share of uninsured was still quite high (over 60%). Moreover, because all of the Big 6’s

borrowers were now subject to the stress tests, a higher qualifying rate would result in an even more

significantly negative impact on mortgage credit demand. In addition, some borrowers might even

switch to uninsured mortgages provided by non-federally regulated lenders, such as credit unions,

private lenders, and mortgage finance companies, to avoid the stress tests. Although unregulated

lenders were not permitted to directly target these borrowers with promises to help them circumvent

the stress test, many advertised flexible solutions for borrowers who were unable to pass the stress

test.19 Figure 3 shows the substitution pattern from banks to credit unions.

Therefore, in period 3 the Big 6 had incentive to lower the qualifying rate and further loosen the

stress tests to prevent credit demand from further shrinking. The tension between individual and

collective incentives in setting the 5-year posted rates again implies that the mean spread falls less

than the mode.

Hypothesis 3. In period 3, under both STI2 and STU2, the mean and the mode of the Big 6’s 5-year

spreads should have decreased, and by a greater extent than in period 2. Moreover, the mode should

have fallen by more than the mean.

5.2.3 Results

Figures 4a and 4b display trends for the outcome variables. They show that the mode and the mean

of the 3-year and 5-year spreads followed approximately the same trend in the benchmark period 0.

Then in the treatment periods, the gap between 3-year and 5-year mode/mean spreads first narrowed

in period 1, widened a bit in period 2, and shrank again in period 3.

Estimation results are presented in Table 4, and are consistent with our observations from the

graphs. In period 1, the mean and the mode of the 5-year spreads dropped by 18.5 bps and 21.4 bps,

19See for example the advertisement from Meridian, one of Canada’s largest credit unions:
https://www.meridiancu.ca/Personal/Mortgages-Home/Advice/Whats-the-mortgage-stress-test.aspx.
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respectively. In period 2, the estimated treatment effects on the mean and mode were -7.2 bps and

-8.9 bps, respectively. In period 3, these were -13.1 bps and -42.8 bps, respectively.

Figure 4: Big 6 spreads - Second Wave

(a) Mode (b) Mean

From left to right, the vertical dash lines indicate the start of STI2 (10/16), the proposal of STU2 (07/17), and
the official start of STU2 in (01/18). From lightest to darkest, the four shaded areas represents period 0, 1, 2, and 3,
respectively.

Table 4: Estimated Treatment Effects: STI2 and STU2

Period 1 Period 2 Period 3

STI2 On STI2 On, STU2 Expected STI2 & STU2 On

Mean Mode Mean Mode Mean Mode

Policyi,t -0.185∗∗∗ -0.214∗∗∗ -0.0715∗∗∗ -0.0882∗∗ -0.131∗∗∗ -0.428∗∗∗

(0.0191) (0.0274) (0.0137) (0.0317) (0.0162) (0.0340)

Term FE Y Y Y Y Y Y

Week FE Y Y Y Y Y Y

Obs 100 100 100 100 100 100

Adj R2 0.997 0.994 0.999 0.994 0.998 0.992

Note: Dependent variable is mean/mode of spreads. Policyi,t is an indicator variable that equals 1 for 5-year terms
during the treatment period. Units are percentage points. Robust standard errors in parentheses. ∗ p < 0.05, ∗∗ p <

0.01, ∗∗∗ p < 0.001. All post periods (1,2,3) are 25 weeks after the rule changes, and are compared with the 25-week
pre-treatment Period 0. From Jan 2016 to Jun 2018, the average 5-year spread was 3.28 percentage points.
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The mean and the mode of the 5-year spreads decreased relative to the 3-year control in each

treatment period. The estimated treatment effect in period 2 was smaller than those in period 1

and 3. Furthermore, the treatment effects on the mode were larger than those on the mean (statisti-

cally significant in period 3). Together these findings provide supporting evidence for Hypothesis 1,

Hypothesis 2, and Hypothesis 3.

5.2.4 Discussion: Posted Rates vs Contract Rates

Subsection 5.2.3 shows that, relative to the 3-year control, the 5-year posted rates were manipulated

downwards to relax the qualification rules. One possible way to mitigate manipulation is to tie the

qualifying rate closer to banks’ profitability; that is, to tie the qualification rule to actual contract

rates paid by borrowers. Indeed, on February 18, 2020, the Department of Finance and OSFI

proposed to change the qualifying rate to be the median contract rate for 5-year fixed-rate insured

mortgages plus 200 basis points.20

Therefore, it is natural to ask whether the implementation of these macroprudential policies and

the subsequent rate manipulation influenced contract rates. Suppose in an extreme case that there is

a one-to-one mapping between posted rates and contract rates (i.e. banks keep discounts constant),

then the proposed change in qualifying rate determination process should not help to prevent rate

manipulation, since banks’ rate posting strategies have already taken into account the profit change

caused by the resulting contract rates. In addition, if contract rates are largely determined by the

posted rates, manipulation of the latter would not only allow more borrowers to qualify but also

indirectly influence mortgage credit demand via lower contract rates. In order to investigate these

issues, we collect additional data on mortgage contract rates from Statistics Canada.

Figure 5 shows the evolution of average contract rates and average discounts for 3-year and 5-year

insured mortgages. The first observation is that average discounts do not remain constant—changes

in posted rates do not translate into one-to-one changes in average contract rates. In fact, the average

contract rate fluctuated during the period between October 2016 and June 2017, while posted rates

20For more details, see https://www.canada.ca/en/department-finance/news/2020/02/minister-morneau-
announces-new-benchmark-rate-for-qualifying-insured-mortgages.html, and https://www.osfi-bsif.gc.ca/Eng/osfi-
bsif/med/Pages/nr20200218.aspx. The changes are suspended due to the COVID-19 outbreak.
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were kept constant. Secondly, the average 3-year and 5-year contract rates followed each other closely

throughout the sample period. Together these observations suggest that contract rates on average

were not affected by the manipulation in qualifying rate because banks were able to adjust rate

discounts in a flexible way.21

Figure 5: Evolution of Mortgage Rates and Average Discounts
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Average Discount: 3-Year Insured Mortgage Average Discount: 5-Year Insured Mortgage

Monthly average contract rates for 3-year and 5-year fixed-rate mortgages are obtained from CANSIM table 176-
0091 published by Statistics Canada. Average discounts are calculated as the differences between Bank of Canada
conventional mortgage rates and average contract rates. The vertical dash lines indicate the proposal of STI2 (10/16),
the proposal of STU2 (07/17), and the official start of STU2 (01/18).

5.2.5 Discussion: Rate Coordination

In order to better understand how the Big 6 coordinated to change the qualifying rate, this subsection

examines the rate changing episodes in more detail. There were five changes in qualifying rate during

the treatment period. In each case the Big 6 managed to control the increase in qualifying rate in

21The manipulation in posted rates, however, could have distributional effect on contract rates.
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response to the surging funding cost trend.

1. 4.64% to 4.84% on July 19, 2017: observing BMO’s longstanding rate of 4.84%, TD increased

its rate from 4.64% to 4.84% on July 19, making 4.84% the new mode. BNS and NBC followed

within 3 weeks.

2. 4.84% to 4.89% on September 27, 2017: TD initiated the change on Aug 30, followed by CIBC

(September 13), RBC (September 27), and NBC (October 4).

3. 4.89% to 4.99% on October 25, 2017: RBC initiated the change on October 18, followed by

TD, BMO, BNS, and NBC within 2 weeks.

4. 4.99% to 5.14% on January 17, 2018: RBC initiated the change on January 11, followed by

TD, BMO, BNS, and NBC within 1 week.

5. 5.14% to 5.34% on May 9, 2018: TD made a change from 5.14% to 5.59% on April 25 but no

one followed. RBC initiated the change from 5.14% to 5.34% on April 27, followed by NBC

and BNS within 1 week.

Rate changes were infrequent, and we do not have exact information on how posted rates affect

banks’ profits. Therefore, it is not possible to build a model of rate coordination that can be tested

using the available information. However, we do observe two interesting patterns that provide some

insight into how banks coordinated a new qualifying rate:

i. Each qualifying-rate change was led either by RBC or TD. These increases were followed shortly

afterwards by the other banks to form a new mode. Importantly, the other four banks did not

challenge the leader by setting an even higher rate. These two banks are the biggest players

in the Canadian banking industry. Table A1 shows that they rank first and second in various

measures including number of branches, deposits, assets, mortgage loans, and non-mortgage

loans. It is also not surprising that the smallest bank of the big 6, NBC, always followed the

rate leaders immediately in all rate changing episodes.
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This “leader-follower” coordination pattern suggests that the rate leader was able to increase the

qualifying rate in amanageable way. In contrast if the banks moved simultaneously, convergence

to a new equilibrium would take longer. This sort of “leader-follower” pattern has been noted

in a number of other oligopolistic industries, with firms changing prices by similar amounts

and with adjustments initiated by a dominant firm (see theoretical work by Stigler (1947) and

Bain (1960), and recent empirical work by Byrne & deRoos (2019) and Miller et al. (2019)).

ii. A tension exists between individual and collective incentives. An individual bank has incen-

tive to increase its own posted rate for the purpose of price discrimination and prepayment

deterrence, but a rate increase might also trigger imitation from the other banks due to the

“leader-follower” coordination pattern, and hence result in a higher qualifying rate. TD ap-

pears to have always adjusted its posted rate well above the mode in an effort to profit from a

“high individual and low qualifying rate.”

Figure 6: Big 6’s Loans

Data collected from banks’ consolidated monthly balance sheet published by OSFI.

Figure 6 reveals a second reason why TD might have moved first on rate increases, and been
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unconcerned that its rivals might follow leading to a higher modal rate. TD is a big lender in

non-mortgage loans and is the only big bank shifting focus from mortgage to non-mortgage loans

during the sample period. Since TD was already reallocating its credit supply from mortgage to

non-mortgage loans, it should be less costly for TD to reoptimize its loan portfolio to deal with the

reduced mortgage demand caused by stress tests. Therefore, TD is less worried that increasing its

own rate might lead to a higher qualifying rate. In other words, the tension between increasing one’s

own rate and lowering the qualifying rate is less significant for TD.

5.2.6 Robustness

In the Appendix, we test the robustness of our results to different window lengths and different

funding-cost proxies. We consider lengths of the before and after periods ranging from 10 to 50

weeks. The results are presented in Table A2, and they confirm that the estimated treatment effects

are robust to the choice of window length. Note that the lengths of periods 1 and 2 are at most 38

weeks (Oct 19, 2016 – Jul 5, 2017) and 25 weeks (Jul 12, 2017 – Dec 27, 2017) respectively.

Table A4 presents results for estimation using alternative funding-cost proxies. We use Govern-

ment of Canada benchmark 3- and 5-year bond rates in place of swap-adjusted 2-year and 4-year

bond rates. Findings suggest that the results are robust with respect to these changes.

5.3 The first wave of stress tests – Short Term

5.3.1 Timing

We define the before and after periods as 40-week periods before and after the 2010 and 2012 policy

changes.22

22We have tried different starting points for each policy change, using either proposal date, announcement date, or
effective date. The estimates do not change much. The results are also robust to choice of time window around the
policy changes.
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5.3.2 The Big 6’s Incentives and Hypothesis Development

Following the introduction of STI1, some borrowers who preferred short-term insured mortgages were

affected. The maximum loan amount for which they could qualify would drop sharply if they were

to stay with their preferred choices and undergo the stress test. However, they could easily sidestep

the problem by choosing insured 5-year fixed-rate mortgage instead. Due to the declining interest

rate trend, the Big 6 had incentive to set higher 5-year posted rates, drive up the qualifying rate, and

force more borrowers substitute towards 5-year insured mortgages. By doing so, the Big 6 not only

raised the price ceiling and potential profit margin for 5-year insured mortgages, but also increased

the share of mortgages locked in at relatively high rate for a longer term. This leads to a hypothesis

that we will test using the difference-in-differences regression:

Hypothesis 4. Following the introduction of STI1, the mean and the mode of the Big 6’s 5-year

spreads increased.

When STU1 was introduced, the Big 6 had similar incentive to set higher 5-year posted rates and

qualifying rate.

Hypothesis 5. Following the introduction of STU1, the mean and the mode of the Big 6’s 5-year

spreads increased.

5.3.3 Results

Figures 7a and 7b display the trends of the outcome variables. They show that, after the introduction

of each stress test, the gap between the 3-year and 5-year mean/mode spread widened. Table 5

presents the estimated treatment effects for each stress test.

As expected, the mean and the mode of the 5-year spreads rose relative to the 3-year control after

each of the stress tests, offering supporting evidence for Hypothesis 4 and Hypothesis 5. In response

to STI1, the mean and the mode of the 5-year spreads increased by 40 bps and 40.9 bps, respectively.

The impact of STU1 on the mean and mode was 32.5 bps and 33.9 bps, respectively. The results

are very intuitive when taking into account the Big 6’s profit maximization incentive. Under the

background of declining mortgage rates from 2008 to 2016, when STI1 or STU1 was in effect, the Big
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Figure 7: Big 6 spreads – First Wave

(a) Mode (b) Mean

From left to right, the vertical dash lines indicate the start of STI1 (04/10), the proposal of STU1 (03/12). The
light and dark shaded areas represent the before and after periods around each stress test.

6 had incentive to adjust higher qualifying rates by increasing their 5-year posted rates. By doing

so, the price ceiling of 5-year mortgages increased and more borrowers were forced to substitute from

short-term mortgages to 5-year fixed-rate contracts. The Big 6 profited from having more borrowers

locked in at a relatively high interest rate for a longer term. The 2009 and 2010 annual reports

published by the Canadian Association of Accredited Mortgage Professionals (CAAMP) provide

some evidence of such substitution behavior: the share of 5-year mortgages increased from 50% in

2009 to 57% in 2010.

It should be mentioned that there is anecdotal evidence that prior to STI1 and STU1 a few

lenders might have been using their 3-year posted rates to qualify certain mortgage products (e.g.

insured variable-rate mortgages). One could be concerned that the Big 6 would also change the way

they set their 3-year posted rates after the stress tests. If this were the case, however, it is reasonable

to believe that banks would have had incentive to adjust the 3-year posted rate upwards once they

were no longer constrained by its qualification role. Therefore, if there were any biases, our estimated

treatment effects would understate the Big 6’s manipulation of their 5-year posted rates.
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Table 5: Estimated Treatment Effects: STI1 and STU1

STI1 On STU1 On

Mean Mode Mean Mode

Policyi,t 0.400∗∗∗ 0.409∗∗∗ 0.325∗∗∗ 0.339∗∗∗

(0.0390) (0.0451) (0.0512) (0.0527)

Term FE Y Y Y Y

Week FE Y Y Y Y

Obs 160 160 160 160

Adj R2 0.938 0.927 0.956 0.957

Note: Dependent variable is mean/mode of spreads. Policyi,t is an indicator variable that equals 1 for 5-year terms
during the treatment period. Units are percentage points. Robust standard errors in parentheses. ∗ p < 0.05, ∗∗ p <

0.01, ∗∗∗ p < 0.001. 40-week before and after periods are used for STI1 (Apr 19, 2010) and STU1 (Mar 19, 2012).
From Jul 2009 to Dec 2012, the average 5-year spread was 3.4 percentage points.

5.3.4 Robustness

In the Appendix, we test the robustness of our results to different window lengths, different funding

cost proxies, and different policy starting dates. The results are presented in Tables A3, A5, and

A6, and they show that the estimated treatment effects are robust with respect to these different

specifications.

6 Impact of manipulation

6.1 Impact on qualification

In this section we use the estimates obtained in the previous section to provide some insight into what

would have happened to the decline in mortgage originations had the Big 6 banks not manipulated

the qualifying rate after STI2 and STU2. To do so, we focus on mortgages originated prior to the

implementation of the stress tests, and investigate how many of these contracts would fail the stress

tests under different qualifying rates.
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Specifically, we use the loan-to-income ratio (LTI) distribution to back out the GDS distribution

assuming a specific qualifying rate, and then calculate the share of mortgages failing the stress tests

(i.e. those with GDS > 39%). This share varies with the qualifying rate, and a back-of-the-envelope

calculation shows how many more prospective borrowers would have failed the stress tests had the

qualifying rate not been manipulated.

We obtained the LTI distribution for insured mortgages originated for a period before STI2

(2015Q4 – 2016Q3) from the Financial System Review published by the Bank of Canada in December

2016. The LTI distribution for uninsured mortgages originated for a period before STU2 (2017Q2)

is from Bilyk & teNyenhuis (2018). In order to back out the GDS distribution, we make two quite

reasonable simplifying assumptions: (i) every mortgage amortizes in 25 years, and (ii) each borrower’s

other housing expenses (e.g. property tax and heating cost) equals to 1% of the mortgage loan size.

Then, for each LTI, given a specific qualifying rate, we can calculate the mortgage payment to

income ratio, and hence the GDS. Consider an example where a borrower has gross income Y and

LTI = 600% (i.e. the loan size is 6Y ). After STI2 and STU2 came into effect, the qualifying rate

faced by most borrowers was 5.14%. Taking this to be the qualifying rate, the hypothetical annual

mortgage payment would be 0.425Y . Because other housing expenses are assumed to be 6Y × 1%,

GDS = (0.425Y + 0.06Y )/Y = 48.5%. This borrower would fail the stress test.

Figure 8: Share of Borrowers affected by STI2 and STU2

(a) STI2 (b) STU2
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Figures 8a and 8b show, respectively, that 14.4% of the insured mortgages and 16.9% of the

uninsured mortgages would have failed the stress tests. Using our estimates from the previous

section, it can be shown that, had the Big 6 banks not manipulated their 5-year posted rates, the

estimated qualifying rate would have instead been 5.14%+0.43% = 5.57%. Figures 8a and 8b show,

respectively, that at this higher qualifying rate, 18% of insured mortgages and 19% of uninsured

mortgages would have failed the stress tests. Therefore, the policy impact on insured borrower

qualification would have been 25% stronger had there been no manipulation, and the impact would

have been 12.4% stronger in the uninsured sector.

6.2 Impact on loan performance

Rate manipulation relaxed mortgage qualification rules and allowed more borrowers to pass the

stress tests. The question is, did the observed manipulation lead to worse loan performance? The

stress tests are meant to ensure that borrowers are able to make their monthly payments in case of

significant rate hikes at renewal, and so we use the share of borrowers who would find it difficult to

afford their mortgage payments at renewal to approximate loan performance. We then compare loan

performance with and without rate manipulation under different assumptions regarding affordability

thresholds and rate environments at renewal.

More specifically, we start with the aforementioned LTI distributions for insured and uninsured

mortgages at origination and infer the LTI distributions at renewal. For the calculation, we make two

more assumptions: (i) every mortgage is originated with a 5-year term and a fixed contract rate of

3.25%,23 and (ii) every borrower’s income level is unchanged at renewal. With the LTI distributions

at renewal, we can simulate the GDS distributions by assuming different values of contract rates at

renewal. We also make various assumptions of mortgage affordability—GDS thresholds above which

borrowers cannot afford their monthly payments. More specifically, we consider three thresholds:

40%, 45%, and 50%. Recall that the actual GDS threshold used to determine whether or not a

borrower can afford his/her mortgage and therefore qualify is 39%, and so the idea for the exercise is

23From CANSIM table 176-0091 published by Statistics Canada, the average 5-year fixed rate for insured mortgages
is 3.25% in January 2018.
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Table 6: Mortgage Affordability at Renewal

GDS > 40% GDS > 45% GDS > 50%

Panel A: Insured Mortgage

Rate = 5% 0.0%, 0.0% 0.0%, 0.0% 0.0%, 0.0%

Rate = 6% 0.6%, 0.0% 0.0%, 0.0% 0.0%, 0.0%

Rate = 7% 7.5%, 3.9% 0.0%, 0.0% 0.0%, 0.0%

Rate = 8% 14.7%, 11.2% 2.3%, 0.0% 0.0%, 0.0%

Rate = 9% 21.9%, 18.4% 8.9%, 5.4% 0.0%, 0.0%

Rate = 10% 28.7%, 25.2% 15.5%, 12.0% 4.2%, 0.7%

Panel B: Uninsured Mortgage

Rate = 5% 0.0%, 0.0% 0.0%, 0.0% 0.0%, 0.0%

Rate = 6% 0.4%, 0.0% 0.0%, 0.0% 0.0%, 0.0%

Rate = 7% 4.4%, 2.3% 0.0%, 0.0% 0.0%, 0.0%

Rate = 8% 8.6%, 6.5% 1.4%, 0.0% 0.0%, 0.0%

Rate = 9% 12.8%, 10.7% 5.3%, 3.1% 0.0%, 0.0%

Rate = 10% 16.8%, 14.7% 9.1%, 7.0% 2.5%, 0.4%

Note: In each cell, the first number shows the percentage of borrowers who would exceed the GDS
threshold under different assumptions of mortgage rate at renewal. The second number shows the
percentage in the counterfactual of no manipulation.

to use GDS levels higher than this to provide a conservative estimate of the share of borrowers who

find it hard to make their payments when interest rates increase at renewal.

Table 6 presents the simulated impacts of rate manipulation on mortgage affordability at re-

newal. For example, Panel A of the table shows that, if insured mortgages with GDS above 45%

are unaffordable and contract rates at renewal are 8%, then 2.3% of the renewers would be unable

to afford their monthly payments while the number is 0% in the counterfactual of no manipulation.

Overall the results provide suggestive evidence that manipulation had an important effect on loan

performance.

32



7 Conclusion

This paper documents the Big 6’s strategic response to the introduction of the four stress tests in

Canada. The stress tests were intended to tighten rules for mortgage qualification through the debt-

to-income constraint. The stringency of the tests depends crucially on the qualifying interest rate,

which is tied to the mode of the Big 6’s 5-year posted rates. As a result, the Big 6 had incentive to

adjust their rates for the purpose of profit maximization.

We present two sets of results. When the first two stress tests came into force, only short-term

mortgages were affected. The Big 6 strategically coordinated to keep the qualifying rate relatively

high despite the declining funding cost trend. By doing so, more borrowers had to substitute from

short-term mortgages to 5-year fixed-rate contracts, and the Big 6 benefited from having more

borrowers locked in at a relatively high interest rate for a longer term. When the last two stress tests

came into effect, all mortgages originated by the Big 6 were covered, but unlike with the previous

result, the Big 6 restrained the qualifying rate from rising in accordance with the surging funding cost

to deal with the shrinking mortgage credit demand that resulted from tighter mortgage eligibility

criteria.

In addition, we also document some substitution behavior of the borrowers to sidestep the stress

tests. For example, some borrowers substituted from insured to uninsured 5-year mortgages to avoid

STI2, and some substituted from banks to credit unions to avoid STU2. Such substitution patterns

were part of the reasons behind the Big 6’s rate posting strategies. Our results suggest that, in order

to achieve the preferred target, macroprudential policy maker should take into account the responses

from both the credit demand and supply side as well as their interactions.
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A Appendix

A.1 Overview of the Big Six Banks

Table A1: Overview of the Big 6

Bank Branches Deposits Assets
Non-Mortgage

Loans
Mortgage
Loans

Residential
Mortgages

BMO 908 217 320 152 112 106

BNS 955 301 447 144 211 209

CIBC 1,049 257 425 116 211 205

NBC 428 110 193 77 50 49

RBC 1,203 396 515 179 276 259

TD 1,098 361 524 218 229 213

Note: Numbers of branches are collected from big 6’s annual reports in 2018. The remaining variables are obtained
from the consolidated balance sheets published by OSFI on March 31, 2018. Monetary values are in billion Canadian
dollars.
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A.2 Different Time Windows around Policy Changes

Table A2: Estimated Treatment Effects with Different Before and After Periods: STI2 and STU2

Period 1 Period 2 Period 3

STI2 On STI2 On, STU2 Expected STI2 & STU2 On

Mean Mode Mean Mode Mean Mode

Panel A: 10-week before and after periods

Policyi,t -0.140∗∗ -0.180∗∗ -0.0668∗ -0.0226 -0.150∗∗∗ -0.413∗∗∗

(0.0392) (0.0505) (0.0311) (0.0515) (0.0292) (0.0720)

Obs 40 40 40 40 40 40

Adj R2 0.995 0.992 0.998 0.994 0.998 0.987

Panel B: 20-week before and after periods

Policyi,t -0.184∗∗∗ -0.221∗∗∗ -0.0797∗∗∗ -0.0922∗ -0.150∗∗∗ -0.448∗∗∗

(0.0226) (0.0309) (0.0164) (0.0365) (0.0165) (0.0407)

Obs 80 80 80 80 80 80

Adj R2 0.996 0.994 0.999 0.994 0.999 0.991

Panel C: 38-week before and after periods

Policyi,t -0.167∗∗∗ -0.185∗∗∗ — — -0.0871∗∗∗ -0.373∗∗∗

(0.0142) (0.0198) — — (0.0176) (0.0260)

Obs 152 152 — — 152 152

Adj R2 0.997 0.995 — — 0.997 0.993

Panel D: 50-week before and after periods

Policyi,t — — — — -0.0513∗∗ -0.306∗∗∗

— — — — (0.0189) (0.0270)

Obs — — — — 200 200

Adj R2 — — — — 0.996 0.990

Note: Dependent variable is mean/mode of spreads. Units are percentage points. Robust standard errors in paren-
theses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. All models include loan-term dummy and week dummy variables.
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Table A3: Estimated Treatment Effects with Different Window Length: STI1 and STU1

STI1: Apr 19, 2010 STU1: Mar 19, 2012

Mean Mode Mean Mode

Panel A: 10-week before and after periods

Policyi,t 0.220∗∗ 0.256∗∗ 0.0793 0.143∗

(0.0672) (0.0817) (0.0614) (0.0668)

Obs 40 40 40 40

Adj R2 0.940 0.928 0.987 0.985

Panel B: 20-week before and after periods

Policyi,t 0.321∗∗∗ 0.360∗∗∗ 0.118∗∗ 0.139∗∗∗

(0.0451) (0.0512) (0.0363) (0.0367)

Obs 80 80 80 80

Adj R2 0.944 0.943 0.990 0.990

Panel C: 30-week before and after periods

Policyi,t 0.418∗∗∗ 0.441∗∗∗ 0.221∗∗∗ 0.230∗∗∗

(0.0475) (0.0477) (0.0540) (0.0556)

Obs 120 120 120 120

Adj R2 0.915 0.931 0.964 0.964

Panel D: 50-week before and after periods

Policyi,t 0.369∗∗∗ 0.363∗∗∗ 0.400∗∗∗ 0.429∗∗∗

(0.0369) (0.0437) (0.0470) (0.0502)

Obs 200 200 200 200

Adj R2 0.937 0.918 0.954 0.952

Note: Dependent variable is mean/mode of spreads. Units are percentage points. Robust standard errors in paren-
theses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. All models include loan-term dummy and week dummy variables.
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A.3 Alternative Funding Cost Proxies

Table A4: Estimated Treatment Effects with Alternative Funding Cost Proxies: STI2 and STU2

Period 1 Period 2 Period 3

STI2 On STI2 On, STU2 Expected STI2 & STU2 On

Mean Mode Mean Mode Mean Mode

Policyi,t -0.139∗∗∗ -0.168∗∗∗ -0.0169 -0.0336 -0.0139 -0.310∗∗∗

(0.0183) (0.0254) (0.0157) (0.0286) (0.0188) (0.0311)

Term FE Y Y Y Y Y Y

Week FE Y Y Y Y Y Y

Obs 100 100 100 100 100 100

Adj R2 0.997 0.995 0.998 0.995 0.998 0.993

Note: Use Government of Canada benchmark 3-year and 5-year bond rates as funding cost proxies. Dependent variable
is mean/mode of spreads. Units are percentage points. Robust standard errors in parentheses. ∗ p < 0.05, ∗∗ p <

0.01, ∗∗∗ p < 0.001. All post periods (1,2,3) are 25 weeks after the rule changes, and are compared with the 25-week
pre-treatment Period 0.

Table A5: Estimated Treatment Effects with Alternative Funding Cost Proxies: STI1 and STU1

STI1: Apr 19, 2010 STU1: Mar 19, 2012

Mean Mode Mean Mode

Policyi,t 0.257∗∗∗ 0.267∗∗∗ 0.389∗∗∗ 0.404∗∗∗

(0.0396) (0.0474) (0.0460) (0.0485)

Term FE Y Y Y Y

Week FE Y Y Y Y

Obs 160 160 160 160

Adj R2 0.940 0.925 0.964 0.963

Note: Use Government of Canada benchmark 3-year and 5-year bond rates as funding cost proxies. Dependent variable
is mean/mode of spreads. Units are percentage points. Robust standard errors in parentheses. ∗ p < 0.05, ∗∗ p <

0.01, ∗∗∗ p < 0.001. 40-week before and after periods are used for each policy change.
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A.4 Alternative Policy Starting Dates

Table A6: Estimated Treatment Effects with Alternative Policy Starting Dates: STI1 and STU1

STI1: Feb 16, 2010 STU1: Jun 21, 2012

Mean Mode Mean Mode

Policyi,t 0.382∗∗∗ 0.408∗∗∗ 0.197∗∗∗ 0.215∗∗∗

(0.0503) (0.0533) (0.0473) (0.0522)

Term FE Y Y Y Y

Week FE Y Y Y Y

Obs 160 160 160 160

Adj R2 0.876 0.885 0.967 0.964

Note: Dependent variable is mean/mode of spreads. Units are percentage points. Robust standard errors are in
parentheses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. 40-week before and after periods are used for each policy change.
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A.5 Test of Parallel Pre-Treatment Trends Assumption

Consider the following difference-in-differences regression specification:

yi,t =αi + λt + Policym=−3

i,t × β−3 + Policym=−2

i,t × β−2

+ Policym=+1

i,t × β+1 + Policym=+2

i,t × β+2 + Policym=+3

i,t × β+3 + ǫi,t,

where m represents a 2-month period. Policym=−h
i,t is an indicator variable that equals 1 for 5-year

terms within 2h to 2(h − 1) months before the policy change. Policym=h
i,t is an indicator variable

that equals 1 for 5-year terms within 2(h − 1) to 2h months after the policy change. For example,

Policym=−2

5,t = 1 when t lies in between the 4 months to 2 months interval prior to the policy change.

Note that Policym=−1

i,t is not included in the regression, because we set the 2-month period right

before the policy change as our baseline period. The estimated treatment effects in other periods’ β’s

are interpreted as the differences relative to the baseline period. The parallel pre-treatment trends

assumption implies that βh = 0, ∀h < 0.

Table A7 presents the estimated treatment effects and provides evidence supporting the assump-

tion of parallel pre-treatment trends.
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Table A7: Test of Parallel Pre-Treatment Trends Assumption

Policy Change STI1: Apr 19, 2010 STU1: Mar 19, 2012 STI2: Oct 17, 2016

Outcome Mean Mode Mean Mode Mean Mode

Policym=−3

i,t -0.0489 -0.0287 -0.250∗∗ -0.172 0.00997 -0.0442

(0.0843) (0.100) (0.0828) (0.0874) (0.0203) (0.0372)

Policym=−2

i,t -0.112 -0.119 -0.0412 0.000500 0.0335 0.0814

(0.0813) (0.0970) (0.0384) (0.0318) (0.0175) (0.0423)

Policym=+1

i,t 0.202∗ 0.229∗ 0.0583 0.124 -0.107∗∗ -0.134∗∗

(0.0832) (0.100) (0.0707) (0.0773) (0.0366) (0.0491)

Policym=+2

i,t 0.258∗∗ 0.305∗∗ 0.0869 0.138∗ -0.214∗∗∗ -0.243∗∗∗

(0.0836) (0.0995) (0.0440) (0.0524) (0.0203) (0.0372)

Policym=+3

i,t 0.436∗∗∗ 0.483∗∗∗ 0.0457 0.0592 -0.199∗∗∗ -0.237∗∗∗

(0.0836) (0.0995) (0.0317) (0.0321) (0.0225) (0.0386)

Term FE Y Y Y Y Y Y

Week FE Y Y Y Y Y Y

Obs 96 96 96 96 96 96

Adj R2 0.969 0.968 0.987 0.985 0.998 0.997

Note: Dependent variable is mean/mode of spreads. Units are percentage points. Robust standard errors in paren-
theses. ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001. Parallel pre-treatment trends assumption implies that the coefficient
on Policym=h

i,t , ∀h < 0 equals 0.
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