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Abstract
This paper studies household mortgage choice between fixed rate mortgages
(FRM) with a relatively short term, and two types of variable rate mortgages
(VRM) with fixed and variable payments. The analysis is based on data for
Canada and covers the period between 1999 and 2014. There are two parts:
(i) a time-series analysis, using monthly data on the shares of all variable rate
mortgages in total originations of five largest Canadian banks and their subcomponents; and (ii) a household-level analysis, using data on individual borrowers
and their mortgage characteristics from the Canadian Financial Monitor. Using
these two data sources, we ask how movements in current and expected future interest rates, as well as in expected house price growth affect household mortgage
choice. We find significant effects associated with movements in current mortgage spread and expected house price growth variables on aggregate VRM shares
in purchase and refinancing originations, but not in renewals, which represent
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simple roll-overs at the end of the term. We also find varying levels of significance of these variables across two VRM contracts. Using a panel component of
household level data, where we can observe up to two mortgages, we document
transitions between different contract types, controlling for the type of mortgage
originations, and estimate a bivariate probit model of household mortgage choice
using a set of dependent variables identified earlier.
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1

Introduction

Over the past decade, empirical literature on household mortgage choice has largely
been focused on the United States. More recently, Badarinza, Campbell, and Ramadorai (2014) and Ehrmann and Ziegelmeyer (2014) expanded their analysis on a take-up
of different types of mortgages to include a number of European and non-European
economies, using aggregate and household survey data, respectively. Canada has been
absent from both of these studies, most notably from Badarinza, Campbell, and Ramadorai (2014), due to limited availability of aggregate data that could shed light on
the composition of balances outstanding and new originations between fixed (FRM)
and variable (VRM) rate mortgages. Consequently, this paper proposes a new source
of historic data on the aggregate VRM share and its components for Canada and combines it with existing sources of household level data to conduct an in-depth study of a
system characterized by shorter-term renewable mortgages, such as short-term FRMs,
also representative of the UK and Australia, but also featuring alternative variable rate
mortgage designs, such as dual-rate VRMs.1
Relative to a standard VRM, where current variable rate determines the interest cost
of the mortgage, dual-rate mortgages are characterized by an additional interest rate
that helps set the level of regular payments for the duration of a mortgage term. These
remain constant until the next mortgage renewal. As a result, any divergence of future
mortgage rates from the initial rate affects the amount of principal repayment associated
with each payment, and absent mortgage renewal would lead to a variable amortization
term. In particular, if interest rates over the term of the mortgage increase relative to the
initial interest rate, a higher fraction of total mortgage payments would be attributed
to interest payments, and the effective amortization rate would fall short relative to the
one suggested by the initial interest rate and contractual term to repayment.
1

Due to their geographic proximity, Canada and the United States have often been assumed to
have similar housing finance systems, which was indeed the case until late 1970s, but since then the
two have diverged significantly. For a detailed historic account of the evolution of the two systems,
please, see Courchane and Giles (2002).
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In this situation, a household has an option of either increasing their payments to
keep mortgage amortization on schedule, which would make a dual-rate VRM equivalent to a standard VRM, or to keep their payments unchanged and incur additional
interest associated with larger balances outstanding over the term of the mortgage.
The resulting delay in principal repayment in each period represents an automatic loan
extension by the financial institution and would benefit households who may otherwise be borrowing constrained when faced with interest rate increases under a standard
VRM. Under the dual-rate mortgage contract, they can choose to cut back on principal
repayment - by keeping their payments constant - instead of cutting their consumption
expenditures.2 The opposite dynamics of mortgage repayment would arise when current mortgage rates decline relative to the initial rate. In this case, households would be
prepaying their mortgages faster than scheduled, but they may also be able to re-borrow
these amounts directly by relying on home equity lines of credit and home equity loans
or indirectly through other means of credit.
This paper is the first one to combine chartered bank and household-level data to
characterize fluctuations in the share of variable rate mortgages in Canada, and to
leverage the information in the latter to identify variable rate mortgages with fixed
and variable payments.3 Uniquely, in both data sources we can distinguish mortgage
originations arising from renewal - without any changes in mortgage amounts or amortization - vs. those associated with home purchase and refinancing mortgages. As a
result, we allow for non-uniform rates of change in VRM shares across multiple types
of mortgage originations in response to different factors. Relative to the literature, in
addition to asking how movements in current and expected interest rate differentials
affect household mortgage choice (combined VRM share), we also add expectations of
house price growth over the term of the mortgage. In doing so, we try to delineate the
2

The size of the loan extended by the financial institution is limited by non-negative amortization.
At that point, a financial institution has the right to reset mortgage payments to cover all of the
interest payments and to partially recover the some of unpaid principal payments.
3
Koijen, Van Hemert, and Van Nieuwerburgh (2009) also have access to aggregate and household
level data, and they use the aggregate mortgage choice determinants to see how well they classify
individual mortgage choices.
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part of the current cost spread that is associated with expected vs. current borrowing
constraints, previously shown to matter in the choice between fixed and variable rate
mortgage contracts.
In particular, while interest costs associated with dual-rate VRMs are still determined by variable mortgage rates, the total mortgage payments are determined by the
initial interest rate, that fixes them at a constant level for the whole duration of the
term. Thus, an initial cost differential between fixed and variable rate mortgages may
be attractive for a household not simply because of current borrowing constraints, but
also because of expected borrowing constraints in terms of the total level of mortgage
payments required over the term of the mortgage. We suggest that households who
expect to be borrowing constrained and thus unable to compensate any of the shortfalls in mortgage amortization attributed to interest rate increases over the term of
the mortgage, would be more likely to choose dual-rate VRMs if they expect a higher
house price growth. This is the case given that they will be in a better position to
refinance their mortgages and extend their amortization period or to repay their mortgage balances outstanding by selling their home. To distinguish between current vs.
expected borrowing constraint motives in the choice of dual-rate VRMs we extend an
approach similar to that in Badarinza, Campbell, and Ramadorai (2014). We use current mortgage spread as a predictor variable for the expected house price growth. If in
the regression specification including expected house price growth, instrumented with
a current mortgage spread, the latter remains significant by itself, it would be associated only with current borrowing constraints, as households choose lower variable rate
mortgages to minimize their immediate outlays associated with mortgage debt service.
Using the share of VRMs as a dependent variable, we find that current and expected
borrowing constraints are important determinants of the demand for dual-rate VRMs.
The coefficient on the backward-looking household rule variable suggested in Koijen,
Van Hemert, and Van Nieuwerburgh (2009) variers in its sign across different horizons,
but is not significant in absolute majority of specifications. in this respect, our findings
are generally similar to the results reported in Badarinza, Campbell, and Ramadorai
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(2014). In the household level regressions, where one can distinguish between two types
of VRMs, house price growth variable proxied by the realized growth over different lookback periods has a larger positive marginal effect on the household choice of variable-rate
mortgages with constant payments compared to a standard VRM. Household variables
- mortgage balances outstanding, debt-to-income and loan-to-value ratios - are not
significant across a number of specifications. For repeated or renewable originations,
we also use a panel component of the household level data to track transitions across
different types of contracts and estimate a bivariate probit model of household mortgage
choice. From a forward-looking perspective we design our empirical approach in a way
that would allow us to take our findings on household mortgage choice one step further
and analyze the implications of household mortgage choice for consumption and savings
jointly (for the discussion of consumption, please, see Kartashova (2015)).
This paper proceeds as follows. Section 2 provides an overview of the related literature relative to the scope of this paper. Section 3 provides an overview of the mortgage
market in Canada, introducing different types of variable-rate mortgages. Sections 4
and 5 discuss in greater detail the comparison of cost and risk characteristics of dualrate VRM relative to a long-term FRM and a standard VRM mortgages. Section 6
formulates an empirical methodology to study fluctuations in the variable rate mortgage share in the chartered bank and household mortgage choice in the micro-level
data. Section 7 provides an overview of the two novel sources of data used in the paper, distinguishing between aggregate and household-level components. Sections 8-10
present our results in the aggregate and household level data, while section 11 focuses
on the results of the provincial level analysis. Finally, Section 12 discusses the relationship between alternative mortgage contracts discussed in this paper and effectiveness
of the monetary policy transmission mechanism (in light of the results presented in the
literature). Section 13 concludes.
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2

Literature

The literature on household mortgage choice has considered two main types of determinants of household mortgage choice - household-level characteristics and macroeconomic
factors, such as interest rates.
In terms of identifying the macroeconomic factors that affect household mortgage
choice, the most relevant for this study are the two papers by Badarinza, Campbell,
and Ramadorai (2014) and Koijen, Van Hemert, and Van Nieuwerburgh (2009). The
latter proposes a model of household mortgage choice that identifies the nominal bond
risk premium as the main determinant of household mortgage choice keeping unchanged
the relative risks of two mortgages. The nominal bond risk premium is defined as the
difference between the long-term yield and the average of the expected future short term
rates, and thus measures the long-term cost differential between fixed and variable rate
mortgages. The authors also note that the long-term yield and the interest rate spread
are poor proxies for the nominal bond risk premium, in particular, due to a positive
correlation between the risk premium and the deviation of future short-term rates from
the current short rate. Using a proxy for the nominal bond risk premium given by a
backward-looking household rule, the authors find that it explains a substantial part of
variation in the aggregate VRM share in the US, and has a significant predictive power in
individual loan-level data, correctly classifying around seventy percent of loans. Taking
risks into account, the share of the variable rate mortgages should be decreasing in the
real rate variability and increasing in the expected inflation variability. In the data,
however, these additional risk measures have a correct sign, but are not statistically
significant.
Badarinza, Campbell, and Ramadorai (2014) and Campbell and Cocco (2003) raise
additional arguments for the role of the current yield spread, suggesting that it would
be important for households who are borrowing-constrained and thus only take into
account current cost differential between the two mortgages, and for households who
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may be bound by debt-service-ratio limits imposed at the bank or national level.4 To
settle this argument they propose a panel IV approach based on a number of countries,
which use current spread as a predictor for the nominal bond risk premium and as an
independent variable. They find that current cost minimization is an important driver
of the household mortgage choice outside of its role in predicting the average future
short-term interest rate and the nominal bond risk premium, although the importance
of the longer-term cost minimization may have increased within the past decade of their
analysis in the 2000s.
Using their loan-level data, Koijen, Van Hemert, and Van Nieuwerburgh (2009) also
consider individual mortgage characteristics and compare their predictive power for the
household mortgage choice with that of the nominal bond risk premium and the backward looking household mortgage rule. They find that a lower balance, a lower FICO
credit score, and a lower loan-to-value ratio all increase the probability of taking out a
variable rate mortgage, however, they have a relatively smaller economic effect. Other
papers using household-level microdata in the household mortgage choice problem include Breslaw and Irvine (1996). They examine the determinants behind fluctuations
in terms and amortization period of fixed-rate mortgages in Canada in the 1980s, the
period characterized by high inflation and interest rates. During this period, variable
rate mortgages did not exist in the same form as they do now, and financial institutions
varied substantially the terms associated with fixed-rate mortgages reducing them to
the period as short as 6 months. They test two hypotheses regarding the joint choice
between mortgage term and amortization: (i) borrowing constraints, with households
simultaneously lowering their costs by choosing a shorter term of interest rate fixation, and extending out their amortization periods; (ii) risk aversion, with households
choosing longer periods of interest rate fixation which increase their current costs, but
reducing their terms to amortization. They find support for household preferences for
longer periods of interest rate fixation and shorter amortization periods to reduce total
4

At the risk of oversimplification, where appropriate we use the same labels for the concepts constructed using different interest rate measures, e.g. risk-free and mortgage rates.
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mortgage costs.5
Ehrmann and Ziegelmeyer (2014) represent the most recent study of household
mortgage choice that considers a number of determinants, including household and
mortgage characteristics as well as mortgage pricing. The basis of their analysis is
the first wave of the European Household Finance Survey for 2010, which is a crosssectional survey of the member countries of the EU. The authors find a confirmation
in their data of the household risk management hypothesis in Campbell and Cocco
(2003), and restate the importance of the yield spread in the choice of variable rate
mortgages. In the absence of any measures of dynamics of household consumption or
household balance sheet variables in the survey, they also conduct a simulation exercise,
whose spirit is similar to the analysis in Keys, Piskorski, and Seru (2014) and Di
Maggio, Kermani, and Ramcharan (2014) assessing the impact of lower mortgage rates
on household balance sheets and other economic outcomes during the recent housing
crisis. Limiting themselves to measuring the effects of a monetary policy easing during
the latest financial crisis on household mortgage costs under different mortgage contract
types, Ehrmann and Ziegelmeyer (2014) find significant declines in household debt
burdens in the aggregate, especially, in countries with a larger share of VRMs and at
the individual level for households in the lowest income groups, which could have had
significant real economic effects. These are similar to other findings in the literature.

3

Mortgage Market in Canada: General Characterization

Given their geographic and economic proximity, it may be somewhat surprising that
Canadian mortgage market is quite different from that in the United States, as the
5

This study thus considers the choice of pairs of amortization and term between mortgages with
an interest rate that is fixed for different periods of the time. The size of current payments affects the
choice of a term, with longer term being more expensive, due to the term structure of interest rates.
The size of total lifetime costs in turn determines the length of the amortization period, with longer
amortization more costly in terms of its interest cost.
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two diverged in their trajectories roughly in the 1980s, a period associated with high
inflation. While in the United States, it is standard to have a 30-year fixed rate mortgage
with the same length of the amortization period, in Canada the periods of interest rate
fixation are significantly shorter, effectively averaging between three and five years.
Thus, with shorter terms and long amortization periods, an average mortgage would
come up for renewal several times over its life, presenting households with opportunities
to change their mortgage conditions, such as type of interest rate, the length of the term
before fixed interest rate reset or renegotiation, and the variability of total payments
under variable rate mortgage contracts. Thus, one can distinguish between different
types of mortgage originations associated with shorter-term mortgages: home purchase,
renewal and refinancing originations. With respect these features, mortgage market in
Canada is similar to its counterparts in UK and Australia (amongst others), where
mortgages are characterized by similarly shorter mortgage terms.6 As explained next,
the main difference between these markets with renewable shorter-term mortgages is
associated with the risk management properties of the variable rate mortgage products
offered.
Like in other markets, one can broadly classify mortgage products in Canada according to whether or not the interest rate used in the calculation of an interest portion
of the mortgage payment is fixed or variable over the length of the mortgage term.
According to this criterion, mortgages are broadly divided as fixed or variable rate
products. The debate about different designs of a variable rate mortgage goes back
to the 1980s, when it was introduced. The goal of this new variable product was to
alleviate problems with the supply of housing finance by financial intermediaries, which
required shifting at least some of the risks faced by financial institutions to borrowers.
The debate around variable rate mortgages largely evolved around two options for
the management of risks involved: (i) an interest rate capper mortgage, introducing a
limit on interest rate increases within the term of a mortgage and priced accordingly
relative to the fully variable rate mortgage; and (ii) a dual-rate mortgage with its regular
6
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mortgage payments fixed for the length of the term as in the fixed-rate mortgage, but its
interest cost component varying with a benchmark rate, such as prime lending rate.7 In
the case of the dual-rate VRM mortgage, the concept of the term refers to the length of
the period when regular mortgage payments remain constant, in addition to the general
commitment by the bank to make funds available to the borrower for the length of the
term, as in the case of a standard or a single-rate VRM.8
More specifically, in the case of a dual-rate VRM there could be several options
for setting the constant level of mortgage payments, with the most prevalent one in
Canada using the variable mortgage rate at origination. Other options may include a
longer-term rate, such as the fixed rate, or an interest rate cap. Under both scenarios,
the balance of the mortgage payment net of the interest cost computed using current
short-term rate determines the size of the principal repayment.9
This implies that the principal portion of each payment may change depending on
the differential between the initial and the current variable rate. The sensitivity of
principal payments to interest rate changes would be highest when they constitute a
dominant part of the mortgage payment, which would be the case for home purchase
mortgages. With large interest rate increases relative to the initial interest rate, dualrate VRM may also allow for negative amortization, as interest owed on the mortgage
may not be completely covered by a regular mortgage payment. However, mortgage
contract provisions allow lenders not to wait for the end of the term and raise the size of
7

In the case of an interest rate capper mortgage, the lender would absorb any losses associated with
increases in mortgage rates beyond the level of the cap. For more details regarding the design of the
dual-rate variable mortgage, please, see Lessard and Modigliani (1975).
8
For the purposes of this paper, terms single-rate VRM, standard VRM, and VRM with variable
payments all refer to the same mortgage contract design.
9
Currently, interest rate caps on variable rate mortgages have been mostly replaced with an option
to lock in a fixed mortgage rate for the remainder of the mortgage term, allowing borrowers to protect
themselves from any further interest rate increases. Borrowers have also faced qualification rules on
borrowing at variable rates. Before 2010, households’ carrying costs could not exceed the limits on
gross and total debt service ratios, computed using a maximum of the contract rate and posted rate
on a three-year fixed-rate mortgage. Post-2010, the qualifying rate was benchmarked to a maximum
of the contract rate and a five-year fixed posted rate. This means that households whose debt service
ratios exceed allowed maxima levels at the 5-year posted mortgage rate could not go variable, but
could still take out a 3-year fixed rate mortgage, with a posted rate below the 5-year rate, when the
term structure is upward sloping.
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the regular mortgage payments to the level at least sufficient to cover the interest portion
of payments, and in some cases above that minimum. With each subsequent mortgage
renewal a higher fraction of mortgage payment is attributed to principal repayment,
thus reducing its sensitivity to relative changes in initial and current variable mortgage
rates, and possibility of negative amortization. This is not the case of a single-rate
VRM, where variations in interest rates affect only the interest portion of mortgage
payments, and the amortization schedule of the principal is not affected, set at the
mortgage origination.10
In the situation when current mortgage rates exceed the rate at origination, the
delay in principal repayments in effect represents a within mortgage term loan, whose
interest rate equals to the current variable mortgage rate. Given that interest rate
increases would likely coincide with the period of higher house price growth, the within
mortgage term loan would likely not raise the loan-to-value ratio on the mortgage, which
would provide a rationale for the financial institution to extend this within-period loan
in the first place, given the expectation that it would not have a large impact on home
equity position of a household. From the point of view of a household, given that the
loan is tied up to a first lien mortgage, its cost would likely be lower than if a household
were to borrow in any other form to cover shortfalls in principal amortization.
The form in which repayment of the within-term loan takes place depends on the
household decision to stay in a home and keep their mortgage. A household who chooses
to remain in the same home, simultaneously makes a decision to renew their mortgage
and either repay the shortfall of principal as a lump-sum or have its regular mortgage
payments reset at a higher rate to observe the contractual length of the amortization
period. Under such renewal all of the initial mortgage conditions remain the same,
and conditional on the repayment behavior of the household it does not require any
additional approval. On the other hand, a household may choose to refinance the
mortgage and extend the period of amortization beyond the initial contractual term.
10

Without payment reset at renewal, the dual-rate VRM becomes a mortgage instrument with
variable maturity.
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The goal of mortgage refinancing in this case would be to keep mortgage payments
from increasing due to higher balances outstanding and likely higher interest rates.
A household with a higher housing equity would be more likely to qualify for such
mortgage refinancing. A household who is unable to qualify for a mortgage with an
extended amortization due to borrowing constraints may be forced to sell their home
and repay their higher mortgage balances outstanding with the proceeds of the sale.
Given transaction and other costs associated with a sale of a home, it would be more
likely that household will be able to cover their mortgage balances outstanding when
faced with a higher growth of house prices as well. Thus, a household who expects to be
borrowing constrained may prefer a dual-rate VRM over other variable and fixed rate
mortgages, when they expect higher house price growth over the term of the mortgage.
The implications for a dual-rate VRM borrower would be opposite if future interest
rates were to decline relative to an initial interest rate on a dual-rate VRM. In this
case, a household would be prepaying faster their mortgage balances outstanding. In
particular, if lower interest rates are associated with a decline in house prices and/or
economic activity more generally, the prepayment is beneficial for the financial institution given that it would offset some of the reductions in housing equity position due to
lower house prices with higher debt repayment. From the point of view of a household,
if house price declines are mild, they may still be able to benefit from re-borrowing some
of the mortgage prepayments to insure against idiosyncratic shocks and to benefit from
lower interest rates, as would other mortgage borrowers with standard VRMs, whose
mortgage payments would decline automatically with lower interest rates.11
11

In the case of a dual-rate VRM when a long-term rate is used to set the level of mortgage payments,
expected principal repayment would be proportional to the difference between the expected average
short-term rate and the long-term rate, and the implications of interest rate changes would be the
opposite to the ones described above.
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4

Comparison of Risks Associated with Different
Types of Mortgages

Given the introduction in the previous section, one can now compare different mortgage
types in terms of their risk characteristics.
We start with the re-cap of the risks associated with a standard VRM and a longterm FRM mortgages. As discussed in Koijen, Van Hemert, and Van Nieuwerburgh
(2009) and Campbell and Cocco (2003), expected inflation represents the main source of
risk of a FRM, as it translates into uncertain real capital value of the mortgage and poses
a wealth risk for a household. In turn, Koijen, Van Hemert, and Van Nieuwerburgh
(2009) show that the main risk of a standard VRM can be approximated with a real rate
risk, which represents a net effect of the combination of the risk of short-term variability
of nominal interest rates, expected inflation risk, and the positive covariance between
expected inflation and nominal interest rates. Inflation risk is offset by the covariance
term: with a decline in expected inflation, nominal balances outstanding would be
declining at a slower pace, but nominal interest rates would decline as well, providing
some relief. Thus, in terms of the comparison of risks associated with a standard VRM
and FRM, the attractiveness of VRM would be increasing in expected inflation or wealth
risk and decreasing in real rate risk. Campbell and Cocco (2003), however, suggest that
beyond the real rate risk, an income risk of the short-term variability of real payments
may also play a role in the choice of VRM. This variability, in particular, arises due to
the fact that with higher expected inflation, interest rates increase, while the current
price level remains unchanged. This would lead to higher real payments. An increase in
real mortgage payments would not matter for a mortgage holder who is able to smooth
out these fluctuations by borrowing, but may pose problems for households who face
binding borrowing constraints. Higher interest payments and inability to borrow in this
situation could result in the need to cut consumption.
Moving on to the discussion of risks associated with a dual-rate VRM, we note that
increases in expected inflation and nominal interest rates do not have an immediate
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impact on the real value of total mortgage payments, given that both the price level
and the payments remain unchanged: real value of interest payments increases with a
higher nominal interest rate, and therefore, the real value of the principal repayment
must fall one-for-one. Thus, relative to a standard VRM, the income risk associated
with the variability of real payments would be lower under a dual-rate VRM, making
it more attractive to households with binding borrowing constraints. On the other
hand, relative to a standard VRM, there is a different offset between expected inflation
risk and the covariance term of expected inflation and nominal interest rates. Higher
expected inflation increases nominal interest rates, however, in the case of a dual-rate
VRM with a lower initial mortgage rate this also means slower repayment and higher
mortgage balances outstanding. Thus, by comparison, the quantity of risk under a
dual-rate VRM would fall between the levels associated with a standard VRM and
FRM. Therefore, overall, relative to standard VRM, a dual-rate VRM would have less
income risk associated with variability of real payments, but it would carry additional
wealth.
The risks associated with each of the contracts and their relative amounts are important for characterizing the ranking of consumption growth variability of their respective
holders, even if the relative quantities of these risks do not change over time, and thus
do not contribute to explaining variation in the aggregate VRM share. Assuming that
risks associated with different mortgage contracts are relatively constant, time variation
in relative mortgage cost differentials and house price growth, which proxy for current
vs. expected borrowing constraints and long-term cost minimization would determine
the dynamics of VRM share and mortgage choice at individual household level.12
12

Note that Koijen, Van Hemert, and Van Nieuwerburgh (2009) consider a model with heteroskedastic innovations, where time variation in the volatility of expected inflation and expected real rates delivers two additional channels for variation in mortgage choice. The conditional volatilities of expected
inflation and real interest rates enter with the predicted sign in the regression, but are not statistically
significant, and add little explanatory power to the interest cost differential measures used as the main
predictors.
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5

Mortgage Cost Differential and House Price Growth

As shown in Koijen, Van Hemert, and Van Nieuwerburgh (2009), a rational household
who is choosing between a fixed and a standard variable rate mortgage to finance a
purchase of a home would be comparing their effective costs by looking at the differential
between a fixed mortgage rate that remains constant over the term of the mortgage
and an average of future variable mortgage rates over the same period.13 Demand
for VRMs should be higher when this cost differential is high. In addition, Koijen,
Van Hemert, and Van Nieuwerburgh (2009) argue that current spread given by the
difference between the fixed mortgage rate and the current variable rate is a poor proxy
for the long-term cost differential due to deviations of future short-term rates from
the current rate. Badarinza, Campbell, and Ramadorai (2014), however, suggest that
current mortgage spread may still play a role in the choice between a FRM and a
standard VRM if households are currently borrowing constrained and care about their
initial mortgage costs, or if a lower variable mortgage rate allows them to qualify for a
larger mortgage.14 Thus, both motives may play a role in household mortgage choice
with different combinations of weights.
In the case of a dual-rate VRM, interest costs are still associated with short-term
interest rates that fluctuate over time as with a standard VRM. What is different
is that regular mortgage payments are determined by the initial interest rate over the
term of the mortgage. While households who are currently borrowing constrained would
benefit from low initial payments on both variable rate mortgages, low regular mortgage
payments associated with a dual-rate VRM would also be attractive for households who
expect to be borrowing constrained if future short-term interest rates were to increase.
The cost associated with constant mortgage payments over the term of the mortgage is
the additional interest accruing on mortgage balances outstanding that are repaid at a
slower pace and a higher overall cost of mortgage financing, which are proportional to
13
Note that in their model the fixed mortgage rate and the bond yield are related through a markup,
so that if the markup is defined as a proportion of the bond rate, the two would be moving one-for-one.
14
We discuss the issue of mortgage qualification in greater detail below.
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the interest rate differential between an average of future short-term rates and a current
short rate. Thus while standard and dual-rate VRM face the same sequence of interest
rates, this trade-off may lead households to prefer a dual-rate VRM in the presence of
expected borrowing constraints. This would suggest a role for the deviation of future
short-term rates from the initial mortgage rate in household mortgage choice.
Extending the discussion above to a choice between a FRM and a dual-rate VRM,
a rational household who is not borrowing constrained and wants to minimize total
mortgage costs over the term of the mortgage would choose between the two based
on the long-term cost differential given by the fixed mortgage rate and a sequence of
expected future short-term rates. Thus, a higher differential would increase demand for
a dual-rate VRM, as in the case of a standard VRM. However, even with a low long-term
cost differential, attributed to increasing short-term rates over the term of the mortgage,
a household may still choose a dual-rate VRM if the current mortgage spread is high
and thus current and future regular mortgage payments under this mortgage will be
low. This would be the case if a household is either currently borrowing constrained or
there is a positive probability of binding borrowing constraints associated with increases
in future short-term rates above the level of an initial rate.
Thus, when considering the choice between FRM and VRM, to distinguish between
current and expected borrowing constraints, we suggest that household response to
house price growth may proxy for expected future borrowing constraints. A household
who expects to be faced with increasing interest rates relative to their initial mortgage,
and with slower rate of repayment of mortgage balances outstanding, would rely on
house price growth to accumulate additional housing equity that would offset its shortfalls due to slower debt repayment. This could be additionally important if a household
needs to refinance their mortgage to extend the length of the amortization period at
renewal to smooth out their higher mortgage payments (due to higher balances outstanding and higher interest rates), or if they have to sell their home at renewal if
mortgage refinancing to extend the term to amortization is not available.
Thus using an approach similar to Badarinza, Campbell, and Ramadorai (2014),
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who test whether current spread only serves to predict expected future short-term
rates or has an independent role in household mortgage choice, to separate out the role
of current spread in also characterizing expected future borrowing constraints we use
it to predict expected house price growth.

5.1

Household Effective Mortgage Choice Set

While our analysis above assumes that households have equal access to fixed and variable rate mortgages, we note that an effective set of mortgage choices available to
households may be more restrictive. This in turn may affect the strength of the relationships between VRM share and its predictors characterized above.
Household choice may be limited by a number of regulatory requirements, such as
on the interest rate used to compute mortgage debt-service ratio and its maximum
allowed level. The goal of this qualification process is to limit access of households to
a particular set of mortgage products, targeting for example the take-up of variable
rate mortgages by borrowers with high debt levels in an effort to reduce the negative
effects of large fluctuations in interest rates on their debt service payments. Given
that variable rate mortgages may attract borrowers due to their smaller initial interest
payments or higher debt load, one way to limit borrowers’ access to these mortgages is
by applying a higher interest rate to the DSR calculation, such as fixed mortgage rate
in place of an effective variable rate.
In Canada mortgage lenders use a dual system of posted and discounted rates.
Posted rates represent benchmark rates on mortgage lending and information on their
levels is publicly available. Discounted rates are offered to individual households through
the process of negotiation and may be affected by a number of household characteristics, including the strength of their current or a potential for future relationship with
the lender. While a household may be offered a discount from a posted rate, they still
need to qualify for a mortgage of their choice based on a qualifying rate. In particular,
qualification rates may be set for variable rate mortgages or fixed rate mortgages with
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terms of less than 5 years for borrowers who start out with high initial levels of loanto-value ratios on their mortgages.15 In turn, lenders may choose different strategies of
setting their posted and discounted rates to affect eligibility and thus steer households
into particular types of mortgages. For example, in response to a decline in risk-free
rate mortgage lenders may keep posted rates unchanged but offer larger discounts,
alternatively they could reduce both rates by the same or different amounts.16
Thus, with respect to determinants of VRM share discussed earlier, a higher spread
between effective fixed and variable rates or a higher long-term mortgage cost differential
may not fully translate into a higher take-up of variable rate mortgages to finance home
purchases, if it is also reflective of a higher qualification rate which is binding at least for
some households. Amongst different types of originations discussed earlier, qualification
rules are more likely to bind in the case of home purchase originations, given that
households come up for renewal with smaller balances outstanding, and other things
equal, they would have more room to meet qualification requirements. As a result, the
strengths of the relationships between VRM shares in different types of originations and
determinants of mortgage choice discussed earlier would vary as well. This is consistent
with the findings in Koijen, Van Hemert, and Van Nieuwerburgh (2009) who show a
weaker importance of the backward-looking household rule in household refinancing
decisions, given that refinancing may occur because of expectations of lower interest
rates, not only because of changes in the risk premium.
15

In Canada, qualification rules are mandated for mortgages with LTVs above 80 percent, which
also require mortgage insurance against borrower default and are referred to as insured mortgages.
For uninsured mortgage originations, lenders can use discretion with respect to the application of
qualification rules at the same or lower qualification rate.
16
See Allen and McVanel (2009) for a discussion of their research into a relationship between risk-free
and posted mortgage rates, as well as between posted and discounted rates, as part of the monetary
policy transmission channel. Note that this research suggests that one measure of interest cost may
not fully capture pricing strategies of financial institutions.
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6

Empirical Approach

We formalize our approach estimating a series of models, which differ in terms of how
household expectations of future average short-term rates and house price growth are
formed. The first approach assumes that households have rational expectations. We
instrument realized future variable mortgage rates (over horizons between one and three
years) with current and past mortgage rates and government bond yields; and realized
house price growth (over the same time horizons) with past house price growth, current
mortgage spread and a number of other variables of interest. Our second approach
follows Koijen, Van Hemert, and Van Nieuwerburgh (2009) and assumes that households
have adaptive expectations, forecasting average future variable mortgage rates with a
backward moving average of short-term rates, and an average expected future house
price growth with a past growth of house prices.
We specify a household probit version first, which we then re-write in terms of an
aggregate VRM share, which represents a summary of individual household choices.

6.1

Household-level probit model of mortgage choice

With j = 2 standing for the choice between fixed and all variable rate mortgages (and
j = 3 adding a distinction between dual-rate and standard VRM mortgages), let there
be a binary variable y, with a subscript i for an individual household, generated by a
probit equation:
yi∗ = Xi βi + i

(1)


 j if y ∗ = max({y ∗ })
i
i
yi =
 0 otherwise

(2)

where i is an error term.
The set X can include a number of aggregate and household level variables. Focusing
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on different motivations for household mortgage choice discussed earlier, the set of
independent variables could include: (i) the long-term mortgage cost spread F RM t −
¯ t,t+T = (F RM t − V RMt ) + (V RMt − Êt [V RM
¯ t,t+T ]), (ii) the current mortgage
Êt [V RM
hp
cost spread F RM t −V RM t ], and (iii) expected house price growth Êt [ḡt,t+T
]. Additional

household level variables could include financial ratios such as mortgage loan-to-value
ratio, logarithm of mortgage balances outstanding, and debt-to-income ratio, as well
as regional identifiers. We also add to set X the type of previous mortgage contract,
which is available for all mortgages that are not associated with a first-time home
purchase or a home purchase after a rental spell. However, in the household level data
this can only be done in a panel, which includes all observations with a change in the
mortgage in adjacent two years. home purchases by first-time homebuyers, would not
have a counterpart mortgage form the previous period, and repeated home purchases
accompanied by a rental spell longer than 1 year would not be captured, given that our
panel only includes observations available in pairs of adjacent years.

6.2

Aggregate VRM share model

Using the same notation, the model for the aggregate VRM share - either in the total
of all variable and fixed rate mortgage originations, or in the total of dual-rate variable
and fixed rate originations - is:

V RM sharet = µ + ρV RM sharet−1 + βC (F RM t − V RM t ) + βL (F RMt −

¯ t,t+T ]) + βhp Êt [ḡ hp ]+t
−Êt [V RM
t,t+T

(3)

We next describe different models of household expectation formation with respect
to future interest rates and house price growth variables.

22

6.3

Household expectations of future average short-term rates
and house price growth

We follow Badarinza, Campbell, and Ramadorai (2014) in constructing expectations of
interest rates and house price growth using several approaches: (i) forecasters’ data; (ii)
a rational model of household expectations; and (iii) a model of adaptive expectations.
The horizons for forward- and backward-looking averages of these variables are determined by both data availability and the shorter term nature of mortgage contracts in
Canada.17 We illustrate our approach using the example of short-term interest rates.
First, as in Badarinza, Campbell, and Ramadorai (2014), we use a rational ex¯ t,t+T ] with realized future ARM rates, and then
pectations model replacing Êt [V RM
instrumenting these future rates with current and lagged interest rates. In the first
¯ t−K,t as the K-periods backward-looking moving average of the
stage, denoting V RM
variable mortgage rate, we run:

¯ t,t+T = α + γ1 V RM t + γ2 F RM t + γ3 V RM
¯ t−K,t +
V RM

+γ4 Bt5 + γ5 Rtf + t
where γ1 V RM t and γ2 F RM t are the current variable and fixed mortgage rates,
which are allowed to have a different effect on the forward-looking forecast of the variable
mortgage rate, and Bt5 and Rtf refer to long-term government bond yield and the 3month risk-free rate. We use the predicted value of the forward-looking average shortterm rate to form the long-term mortgage cost differential.
Second, we consider survey-based data, which as argued by Badarinza, Campbell,
17

Koijen, Van Hemert, and Van Nieuwerburgh (2009) use 5 years as a benchmark horizon in their
analysis, but also provide results for a 10-year horizon. Badarinza, Campbell, and Ramadorai (2014)
consider different combinations of forward and backward-looking horizons in line with data availability
and their imputation procedures.
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and Ramadorai (2014) are well suited to serve as instruments for expected future VRM
rates due to their forward-looking nature. We use forecasters’ data of the three-month
government bond rate from the survey of professional forecasters conducted by the Department of Finance of Canada. We use the following model to forecast the average
of future short-term rates, as in Badarinza, Campbell, and Ramadorai (2014), incorpof,CF
, in
rating the 12 month average of future short-term professional rate forecasts, Rt,t+12

addition to current realizations of term structure variables.

¯ t,t+T = α + γ1 V RM t + γ2 F RM t + γ3 V RM
¯ t−K,t +
V RM

f,CF
+γ4 Bt5 + γ5 Rtf + γ6 Rt,t+12
+ t .

And lastly, as in Koijen, Van Hemert, and Van Nieuwerburgh (2009), we assume
that household expectations can follow an adaptive process, such that forecasted future
expected average variable mortgage rate is given by a simple backward-looking average
¯ t,t+T ] = V RM
¯ t−K,t .
of these rates, i.e. Êt [V RM

6.4

Household expectations of future house price growth

Similarly to the differential of mortgage costs, we can apply different models of exhp
pectation formation for the future house price growth term Êt [ḡt,t+T
]: (i) a model of

adaptive expectations, and (ii) a forward-looking model for house prices, using professional forecasts of economic fundamentals over a number of different time horizons
T.
For the adaptive expectations model, the forecasted future expected average house
price growth is given by a simple backward-looking average with horizon K between 1
and 3 years:
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hp
hp
Êt [ḡt,t+T
] = ḡt−K,t

(4)

For the forward-looking model of expectations, we use the following predictive equation:

hp
hp
ḡt,t+T
= α + γ1 ḡt,t−K
+ γ2 V RM t + γ3 F RM t .

7

Data description

In our analysis, we use several data sources, which largely span the period between
1999 and 2013, and include a custom component.

7.1

Bank-level data

We have bank-level data for five out of the six largest chartered banks in Canada on the
composition of their mortgage originations between fixed and variable rate contracts,
and the interest rates offered on these products.
The four banks in our data are clearly identified as predominantly originating dualvariable rate mortgages, and one bank predominantly originates single-rate mortgages.
Several of the aforementioned banks also offered other variable rate mortgage products
throughout 2000s; however, these were largely legacy products carried over from the
periods of high inflation, and did not receive any significant take-up due to a lack of
competitive pricing. Amongst these products are rate capper mortgages, as well as open
variable rate mortgages, which allow unlimited prepayment of a mortgage within a term.
The individual bank data are available for each institution at a monthly frequency, going
back over a number of different periods, with the longest series available as far back as
November 1999.
Mortgage series available for each bank refer to the total of their originations and
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their two components classified as mortgage renewals with the same financial institution
and all other. The majority of the latter are comprised by home purchase originations
and mortgage refinancing, with the balance accounted for by mortgages transferred from
other financial institutions at renewal.18 Given that there is no contractual commitment
to continue a relationship with the same bank at the expiration of the first or any
consequent term, a household has a choice to renew or refinance with a different financial
institution.19
The decision to move a mortgage to a different financial institution balances the
benefits of lower interest costs with the costs of searching for a new lender, which
are largely associated with the process of re-applying for a mortgage and can include
mortgage application, title search, home appraisal and other legal fees, as well as time.
All of these are not required for a mortgage rollover with the same financial institution,
which happens largely automatically, only conditional on the good record of repayment
over the previous term. In particular, mortgage rollover is not affected by changes in
home value, which could be a main impediment to approval if a household were to
re-apply for a mortgage with a different financial instituion when their LTVs increase
following house price declines.20
One of the common features that can be attributed to home purchase and refinancing
originations grouped together in our data is likely associated with lower mortgage costs
attributed to search, given that home purchase mortgages and refinancing to increase
loan amount or extend a period to amortization would be more price sensitive. This
is in contrast to renewals with the same institution, which may be associated with
18

For one of the banks we have information about the components of other originations for the
post-2009 period. Seventy percent of these originations are constituted by home purchase mortgage
(40%) and mortgage refinancing (30%).
19
Allen, Clark, and Houde (2014) provide a detailed characterization of the negotiation and renegotiation process in Canada and its effect on mortgage pricing. Households who shop for a mortgage by
applying to several financial institutions or go through a mortgage broker that centralizes offers from
several mortgage lenders at discounted rates, usually obtain better pricing terms on their mortgage.
20
If a household whose renewal-LTV jumped above 80% also had to take out mortgage insurance,
despite having a pre-renewal LTV ratio of less than 80%, this would most likely offset any benefits
of a transfer. If a household found themselves under water, they would not be able to even get an
approval.
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different search incentives or lack thereof.21 In formal terms, these latter renewals with
the same financial institution also represent a new mortgage contract and are usually
associated with two entries on a bank balance sheets - a repayment under the mortgage
contract coming to a term, and an origination under a new contract, which leaves
balances outstanding unchanged. Overall, all of the different components of mortgage
originations referred to above represent new mortgage contracts, and thus would be
included in new mortgage originations used by Badarinza, Campbell, and Ramadorai
(2014) in their panel of countries, including for those characterized by shorter-term
mortgages.22
Corresponding to the data on quantities of different types of mortgages we also have
institution specific mortgage interest rates, both fixed and variable.
As mentioned earlier, the co-existence of posted and discounted rates represents a
peculiar feature of the Canadian system, going back to the wave of financial institutions mergers in the mid-tp-late 1990s. Posted rates are the ”generic” rates quoted by
banks on their mortgage products and constitute public information. A mode average
of posted rates on the 5-year fixed rate mortgages across the largest five Canadian chartered banks is also used as a qualification rate discussed earlier in the context of an
effective set of mortgage choices available to households. In turn, as suggested by their
name, discounted rates are usually quoted as a discount from a posted rate and represent a tool of price discrimination. Discounts are usually very competitive for home
purchase mortgage originations, and can all but disappear at renewal if a borrower
does not exert pressure on its financial institution by searching. As a usual practice,
at renewal a bank holding maturing mortgage would set their offered rate to reach a
certain mortgage profitability level that takes into account the heavily discounted initial
mortgage rate.
21

One caveat to this distinction is that a household may still remain with their original lender even
if they searched for an alternative, if they are able to secure the same or better conditions than offered
by the competition, net of the switching costs.
22
Badarinza, Campbell, and Ramadorai (2014) obtain their data for a variety of European countries
with similar systems from statistical repositories of respective national central banks.
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Our interest rate data largely consists of posted fixed and variable mortgage rates
for each financial institution in the sample. One bank also provided us with effective
mortgage rates, which represent a weighted average of posted and discounted rates
applied to total activity originations. Our alternative source of data on both fixed and
variable mortgage rates is from the internet-based ING Bank and are available until its
takeover by the Scotiabank.23 Unlike other large chartered banks, ING did not use a
two-tier rate system and its offered rates were the actual borrowing rates charged to
households who qualified for their mortgages. Thus they would be an equivalent of some
measure of discounted rates offered by other institutions. Using different assumptions
on the proportions of mortgage originations available at posted vs. discounted rates, one
can construct several series of effective mortgage rates.24 We compare behavior across
the three data series - posted, ING and effective rates under different assumptions - in
the next section. Given data availability, for the purposes of constructing counterparts
of the theoretical measures of long-term and short-term cost differentials we use posted
mortgage rates, as a benchmark, and the alternative ING and effective interest rates
for robustness.
While we have information for five individual banks, for confidentiality reasons and
given the different time periods for which these data are available, we create three
weighted series of VRM shares in total activity, new originations and renewals, and two
interest rate series. The VRM shares are constructed relative to the universe of all other
fixed rate mortgages in Canada, which have generally been offered at terms between 1
and 5 years. Amongst these mortgages five-year terms have remained the most popular
over the period under consideration, with some swings towards three year terms in the
latter part of the period. In our regressions we use five-year fixed and variable mortgage
rates, both posted.25 The data on VRM shares used in this paper are unique in that
23

We also have time series of the interest rates after the take-over, but these appear to have suffered
a structural break as pricing strategy may have changed after the Bank’s takeover, potentially to
differentiate between products offered by the two institutions.
24
There is no accurate data on the proportions of originations offered at posted vs. discounted rates.
25
For robustness checks we also use government short and long-term bond yields.
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they constitute the longest time series for Canada for total activity originations, and
have not been previously available for new originations (purchase and refinancing) and
renewals, separately.
Official statistics collected by the Office of the Superintendent of Financial Institutions for the share of fixed versus variable rate mortgages in total new mortgage
originations goes back only to 2010, but it includes all federally regulated banks, including the largest five. While the coverage in our bank-level data may appear limited
by comparison to economy-wide shares available in the data for other countries, in particular, the United States, it does cover a substantial part of mortgage originations in
the economy. This is the case due to very high concentration of the banking sector in
Canada and its importance relative to other financial institutions that originate and
hold mortgages: in the post-1999 period, chartered banks have held on average 73 percent of mortgage balances outstanding, with the largest four and six banks responsible,
respectively, for an average of 70 and 92 percent over the same period of mortgage cash
disbursements and balances outstanding.

7.2

Household-level data: Canadian Financial Monitor

To conduct loan- and household-level analysis, we use micro data from the Canadian
Financial Monitor, a survey administered by polling company Ipsos Reid and traditionally distributed to banking institutions for marketing purposes. The survey was started
in 1999 and has on average about 1000 households surveyed in each month, with data
on about twelve thousand households per year. The sample is designed to be representative of the population in terms of the following metrics: (i) household ownership by
region; (ii) work status by region; (iii) household size by region; (iv) city size by region;
(v) household head age by region; and (vi) income by region; with weights supplied
with each observation.
The survey has detailed information about different types of household liabilities
and current assets; it also provides information about household’s homeownership sta-
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tus, value of housing assets, income, employment type and status, and main household
demographic characteristics, such as education, age, and family composition, among
others. Post-2008 period the survey also includes information about household consumption expenditures on durable and non-durable goods and services. The survey
has a modest panel component, with observations across two adjacent years, although
it is also possible to track households over a longer time period, but the size of this
longer panel is very small. There is also information on 6-character postal codes for
household’s residence, which we use to link household moves, in particular, associated
with repeat home purchase mortgage originations.
The main information module used in the paper is the mortgage module. It contains
information about the method of acquisition of a mortgage (directly from a financial
institution or from a broker); name of financial institution holding the mortgage; length
of the time the mortgage has been on the books of the financial institution; type of
mortgage rate and the rate itself; the length of the mortgage term or period of interest
rate fixation for fixed rate mortgages; the size of regular mortgage payments; their
frequency; and mortgage balances outstanding at the time of the interview.26
Up until mid-2000s, the CFM had clearly identified the mortgage in relation to
the property securing it (principal residence, second or vacation home, investment real
estate), giving each household an option to report on up to 8 mortgages across these
different categories and on market values of these properties. In the period that followed,
however, the reporting was simplified with an option of listing 4 different mortgages
that also lost their labeling in relation to collateral. Our analysis across these different
subperiods suggests that an overwhelming number of households have been reporting
on a single mortgage, and that mortgage characteristics across the first mortgage on a
principal residence in the first half of 2000s and the first mortgage in the second half
of 2000s are roughly consistent. Thus, for the purposes of our analysis we consistently
26

Other information that does not consistently repeat across years includes the size of the downpayment, its percent relative to the value of the home, amortization period, etc. Given its periodic
nature, we are unable to utilize it over the whole sample period, but we do make occasional references
to this information in our robustness checks.
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use information on the first reported mortgage.
In the data, we are unable to directly observe either total activity issuances or
their components in home purchase originations and renewals/refinancing with same
or different financial institution, corresponding to their counterparts in the aggregate
data. Thus, we resort to an inference procedure, which allows us to identify new
mortgage issuances in their totality in the cross-sectional data, and a second procedure
that allows us to distinguish their components in the panel CFM data (see Appendix
A for the details of the procedure). In addition, the panel component of the data also
allows us to keep track of previous household mortgage choices in the case of mortgage
renewal, refinancing, and repeat home purchases, which are not separated by a rental
spell.
In the cross-sectional data, we identify as new originations all mortgages with a
period with a financial institution of up to 12 months. This definition allows us to
capture all repeated and new home purchase mortgages, refinancing as well as a certain
portion of mortgage renewals. The latter is the case given that by limiting the length
of a term with a financial institution to 12 months, we may be excluding some of the
mortgages renewed with the same financial institution where a household failed to reset
the mortgage clock. In these cases, reported length of the relationship with a financial
institution could be referring to a succession of several mortgage terms, even though a
renewed mortgage represents a new agreement and is referred to as such by a financial
institution. We use the length of the term with a financial institution relative to the
current period to determine the month when mortgage was originated. We then use
the date of origination to match interest rate differentials and house price growth with
each observation.
Within each of the samples described above, we can identify fixed vs. all variable
rate mortgages across different types of lenders, such as chartered banks, mortgage
trusts, credit unions, etc. In its coverage, this sample is more representative than what
we used in our data aggregated across the largest five chartered banks.27 With the
27

It is also more representative than the data collected by the Office of the Superintendent of
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information on institutional affiliations in our household level data, we can also recreate the sample that matches exactly our bank-level data. This allows us to directly
compare our household and bank aggregated results, and see how representative the
latter are. While we don’t separate variable rate mortgage originations by type in our
bank-level data, due to its short time series component, we can do so in the household
level data, and conduct multinominal probit analysis including dual-, single VRM and
FRM mortgages.

7.3

Regional-level data

Using the repeated series of cross-sectional household data described above, we aggregate information on different types of mortgages geographically to create provincial
series of VRM shares. We combine these with house price data from the Canadian Real
Estate Association (CREA) and Teranet, as well as series of posted fixed and variable
interest rates that apply nationally. The CREA house price data are simple averages
of house prices reported at a monthly frequency, and are not adjusted for changes in
quality as would be the case with repeat-sales house price indices. We have that information as well, but at a city, rather than provincial, level, with less than 10 cities
covered. We assign these cities to their respective provinces and use these house price
indices for robustness checks.

7.4

Other data

Similar to Koijen, Van Hemert, and Van Nieuwerburgh (2009) and Badarinza, Campbell, and Ramadorai (2014), we also use professional forecasters’ survey, which provides
forward-looking forecasts of interest rates, inflation and indicators of real economic activity, such as GDP growth and unemployment rate (employment growth). The survey
has been conducted by the Department of Finance since the early 1990s. It is done
Financial Institutions (OSFI) given that includes not only federally, but also provincially regulated
institutions, such as credit unions, and other consumer companies.
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approximately once a quarter, although in some cases there is more than one survey in
each period, and the months of the survey within a quarter are not always consistent.
For 3-month interest rate variable, all the forecasts collected ask for the average rate
in the same year, next year, etc., for up to five years ahead. Thus they do not strictly
represent forecasts of the rate a number of years ahead. To create a 1-, 2-, etc. year
forecasts we average between the forecasts for the current and next year, using the calendar period weights. We use both quarterly and monthly frequency forecasts, which
are extrapolated.

8

VRM share and different measures of interest
rate cost differentials: Descriptive analysis

8.1

VRM share across different types of originations in chartered bank data

We start by plotting in Figure 1 the weighted average of the dual-rate VRM share across
four Canadian chartered banks, referred to simply as VRM share, and its components
in new and renewal originations.28 Each data point in renewals series is based on a
collection of mortgages that were originated in the previous three to five years, and are
renewed with the same financial institution. Two of the banks have data going back
to 1999 and 2002, respectively, while two other institutions have data available from
mid-2000s. There is a substantial degree of variation in the VRM share over the post1999 period, ranging between 1 and 70 percent in terms of total activity originations.
The individual bank series (not plotted) track each other relatively closely over time,
although there is some difference in levels in the first half of 2000s for the two banks
with the longest data series.
As mentioned earlier qualification rules play a role in determining a set of households
28

Here we use only four out of the five banks, for which we have data available, given that the series
for the last bank are only available from the end of 2008.

Weighted average share of dual-rate VRMs in total mortgage activity and
its components (4 chartered banks, 1999-2014)
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Figure 1: Weighted average share of dual-rate VRMs in total mortgage activity and its
components, new originations and renewals, 1999-2014
eligible for borrowing at variable mortgage rates, in particular, those with high LTV
mortgages who require mortgage insurance. In Canada, prior to 2010, the qualifying
rate on insured mortgages was a three-year posted fixed mortgage rate, meaning that
VRM borrowers had to meet total debt-service-ratio (DSR) requirement at that rate as
opposed to a variable rate itself. With new rules introduced in 2010, the qualification
rate was changed to a 5-year fixed posted rate, which likely translated into a more
binding qualification constraint and reduced a pool of households eligible to go variable
at any point in time.29 Thus, changes in mortgage determinants due to posted fixed
mortgage rates, that are also used for qualification purposes and bind occasionally, may
have a smaller effect on changes in VRM share than would be the case otherwise.
If qualification requirements on insured mortgages are not binding, other things
equal, one would expect a VRM share in new originations to be as high as in renewals,
and potentially exceed it if inertia on the part of households makes them less sensitive to changes in interest rates and prone to renewing at the same mortgage terms
29

Given that our FRM share combines all terms for a fixed rate mortgage, the ability of a household
to only get a 5-year fixed rate mortgage, as opposed to a 3-year mortgage, is not important for our
results. In the case when a household chooses a five-year mortgage, their DSR is actually evaluated
using a discounted as opposed to posted 5-year fixed mortgage rate.
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as previously. In turn, if qualification requirements were binding, VRM share in new
originations could fall below that in renewals. The difference in levels between new
and renewal originations and the overall level of aggregate VRM share would thus also
depend on the relative shares of uninsured vs. insured originations and other rules
concerning the latter. In particular, over the period under consideration, lowering LTV
ratios for mortgage insurance requirement in 2004 would have reduced the number of
mortgages that needed to meet qualification requirements and thus increased VRM
eligibility; while lowering minimum downpayment requirements would have had an opposite effect by increasing initial mortgage debt that can be taken on by the borrower.
At the same time, additional qualification room could be provided by a simultaneous
extension in amortization term, as it would reduce the principal portion of the mortgage payment that goes into calculation of relevant debt service ratios (DSR) on the
mortgage.30
In Figure 2 using the bank with the longest time series of data, we find that VRM
share in new originations exceeds its counterpart in renewals for most part of the period
under consideration, although the difference does get smaller over time. The same is
true for the value-weighted average VRM shares in new and renewal originations in
the second part of 2000s, where the closing of the gap between the two series is more
pronounced. These changes in the relative levels of VRM shares would be consistent
with the introduction of more stringent rules in terms of qualification rates, and likely
affected by other regulatory changes referred to earlier. We find that in the aggregate
data, the contemporaneous correlation between VRM shares in new and renewal originations is on average about 75 percent. In Subsection 10.1 we report results based on
the household level data on the transitions between different mortgage types at renewal
and all other originations. In our data it is not possible to directly assess whether
30

In terms of dates, the requirement for mortgage insurance was eased in 2004, when cut-off LTV
was reduced to 20%; over 2004-2007 period, the minimum downpayment was reduced to 0% and then
increased back up to 5% in 2008; the length of the amortization term was lowered from 40 years over
the period between 2004 and 2007 to 35 years in 2008. All of these largely effect insured mortgages,
and through qualification rules, the take up of variable rate mortgages amongst these.
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households were faced with qualification constraints given that home purchase mortgage debt is chosen endogenously. The best we can do for the case of repeated home
purchase originations, is to use all of the self-reported information on non-mortgage
debt holdings and their costs and mortgage balances outstanding with the applicable
qualification rate to construct a measure of debt service associated with the choice of
mortgage. Assuming that a household chose their mortgage contract for a given amount
of mortgage debt, if the resulting DSR exceeded the qualification cut-off, household are
assumed to have been constrained by their choice of the mortgage. In fact this can be
verified against the actual household mortgage choice. Using this approach, we could
proxy for the fraction of households who may have been constrained under qualification
requirements as they changed over time.
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Figure 2: Time series of a share of dual-rate VRMs in total mortgage activity and its
components, new originations and renewals, financial institution with the longest time
series, 1999-2014
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8.2

VRM share in chartered banks originations and CFM data:
Comparison

We do a comparison of the VRM share series from the largest five commercial banks
with different counterpart series we can construct using household level data in the
CFM, which contains institutional affiliation information. We construct VRM series in
the CFM using alternative approaches based on the length of the relationship with a
financial institution and the term of the mortgage, which are justified by the short term
nature of mortgages in Canada. In the first approach, we look at all those mortgages
where the length of the relationship with a financial institution in months is less than
the term of the mortgage in months, in turn limited to five years. In the cross-sectional
CFM data, for mortgages whose length with a financial institution exceeds the length
of the term one cannot ascertain whether the previous contract type is the same as the
current one. As shown below, while there is a large degree of persistence in mortgage
choices, there is still a significant degree of transition between different contract types.
In the second approach, we look at mortgages with a length of the relationship with a
financial institution of no longer than 12 or 24 months, and classify them in accordance
with the reported type of mortgage. With either of the two approaches we use dollar
mortgage amounts and sample weights to construct the aggregate VRM share. The
relationships between VRM shares in the CFM and their counterparts from chartered
banks are similar across the two approaches, as reported below.
As shown on 3, using a 6-month moving average, the VRM share for the five largest
chartered banks in the CFM is generally below the share based on the bank level data;
while there are some periods where VRM share in all financial institutions originations
is higher.31 The correlation between the two VRM series in five largest chartered bank
originations is around seventy percent, and varies somewhat depending on whether we
identify new originations using the comparison between the term of the mortgage and
31

We smooth out the series given the high volatility of monthly data in the CFM. The difference
between VRM shares in chartered banks and all financial institutions originations comes from smaller
banks, as well as credit unions, trust and mortgage companies, etc.
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the length of the relationship with a financial institution, or a fixed cut-off of the length
of the relationship at twelve months. Further comparing the VRM shares across five
largest chartered banks and all financial institutions in the CFM data, we find that a
correlation of about ninety one percent. Given lower extent of comovement reported
above, the correlation between total VRM share in CFM and the VRM share in the
data obtained from the banks themselves is also around 70 percent.
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Figure 3: Comparison of VRM series constructed using the CFM and data from the
five largest chartered banks, 1999-2014
The difference in levels and a less than perfect correlation between two VRM share
series could be attributed to some of the limitations of the data reported earlier. On the
chartered banks data side, until 2002, we actually have data for only one of chartered
banks, whereas the data in CFM includes all five. While for the remainder of the
period, where the numbers of institutions are comparable, the main concern with the
CFM data is the definition of total activity originations. In particular, we suspect that
some households may not be associating renewal or refinancing with a new mortgage
contract and thus they may not be resetting the length of their relationship with a
financial institution, which then affects their inclusion in our total activity sample and
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could also lead to misidentification of the type of a mortgage origination. Thus, while
financial institutions usually classify all renewal mortgages as new, household may still
attribute the start of the relationship to the purchase of a property. We also note that
the weights provided in the CFM were designed largely to match main demographic
characteristics of the aggregate population (such as age, homeownership status, income,
etc.), not the share of VRM in total originations.
Given the high degree of correlation between the five chartered banks and all financial institutions series in the CFM, we can use one of these series in our robustness
results. Despite the availability of data from the CFM, we prefer relative to the counterpart series from the cross-sectional data in the CFM is our ability to distinguish
between different types of originations in the former. As discussed below, the distinction between different mortgage type originations in CFM is only possible through the
panel version of the dataset, which is significantly smaller.
We also consider variation in the share of VRM mortgages in simple frequency
counts, constructed using only the sample weights provided. Similar to the results
using dollar-weighted VRM shares, we find a high degree of correlation between the
series constructed using the five largest chartered banks and all financial institutions in
the CFM.
And finally, using the same data used to construct a time-series of VRM share,
we can also construct an average term of mortgage originations, in particular, FRM,
where the term of the mortgage coincides with the length of the period of interest rate
fixation. As a robustness exercise, we can repeat our instrumental-variables analysis
formulated in the following sections by replacing the variable rate mortgage share with
an average interest rate fixation period.

8.3

Mortgage choice and interest rate differentials

We next overlay on the plots of weighted average VRM shares in total activity several
measures of interest cost differentials, that have been previously analyzed in the litera-
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ture and discussed earlier in Section 6. We start with the measures of expected interest
cost differentials, constructed using different interest rate variables as in Koijen, Van
Hemert, and Van Nieuwerburgh (2009). In particular, in Figure 4 we focus on the
backward-looking household rule for the expected interest rate differential evaluated
using posted mortgage rates and bond market data; and a forward-looking measure
computed using the Survey of Professional Forecasters’ expectations of the 3-month
government bond yields. All of the charts use 1 to 3-year horizons for the averages
of short-term rates relative to the 5-year long rate. These horizons are chosen to account for limited data availability. As mentioned earlier, offered mortgage rates are
only available for one of the banks and we use these series for robustness checks.
The correlation is the highest between the weighted average VRM share and the
backward-looking household rules constructed using posted fixed and an average of
variable mortgage rates for the horizons of 1 to 3 years. Amongst the latter, the
correlations for 1 and 2 year horizons are rather similar, around 40+ percent, while
the correlation for a three-year horizon of posted variable mortgage rates is lower.
Correlations between a weighted VRM share and forward-looking SPF interest rate
variables, as well as bond-based backward-looking household rates are significantly
smaller.32
The pattern of correlations suggests that changes in bond rates are transmitted to
posted mortgage rates with some time lag. There is also be a lag between the period
when households obtain interest rate quotes – fixed and variable – and lock in their interest rates and when resources are actually disbursed. Usually, this spread constitutes
between 1 and 3 months. However, while locking in interest rates insures households
against any further interest rate increases, based on the terms of the mortgage approved they will usually be able to benefit from any further decreases in interest rates
32

As mentioned earlier, the correlation between VRM share and its components in home purchase/refinancing and renewal originations with different interest rate differentials reported here are
smaller than similar correlations reported in Koijen, Van Hemert, and Van Nieuwerburgh (2009) for
home purchase mortgages. However, incorporation of renewal originations which are less affected by
rules, should offset some of this reduction in the correlation.
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Weighted average VRM share and household rule with 1 to 3-yr backward
looking horizons
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Figure 4:
Weighted average VRM share in total activity and different measures of expected interest cost differentials.
Note: The horizons are determined by data availability, with the longest data series available for the
backward-looking bond and posted mortgage rates. Posted mortgage rates refer to a weighted average
of variable rates across the four chartered banks.
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between the lock-in period and the time of disbursement. Thus, at any point in time
the offered rate associated with disbursements in a particular month could represent
a weighted average of posted and discounted interest rates from up to several months
preceding it. In the Appendix, using data for one of the banks, which we do not name
due to confidentiality reasons, we plot the weighted VRM share and backward-looking
proxies of expected mortgage cost differentials evaluated using offered mortgage rates.
The correlation between the two is about 60 per cent, compared to two-thirds of this
magnitude for posted rates. However, as mentioned earlier, the data for offered rates is
difficult to obtain and is not available for other financial institutions.
Examination of the comovement between the VRM share and expected interest rate
differentials suggests that at least during one subperiod in the 2000s – between 2005
and 2008 – the two became negatively correlated, while being positively correlated for
the remainder of the 1999-2014 period. This is similar to the observation made in
Koijen, Van Hemert, and Van Nieuwerburgh (2009) for the US, regarding a breakdown
in the relationship between forward-looking measures of interest cost differentials (using
measures from the Survey of Professional Forecasters and VAR-implied ones) and VRM
share over the period preceding the crisis. Koijen, Van Hemert, and Van Nieuwerburgh
(2009) suggested that forward-looking measures of interest cost differentials were biased
upwards, as forecasters overestimated the timing of the return to normal port-recovery
interest rates following the recession of the early 2000s, but backward-looking interest
rate measures did not suffer from the same bias. However, for the case of Canada,
the negative correlation with VRM share holds even when forward-looking interest cost
differentials are replaced with their backward looking household rules, and thus the
explanation for this change in the relationship must be different.
We next display Figure 5 using the current-cost differential measures suggested in
Badarinza, Campbell, and Ramadorai (2014), which include current spreads between
long and short-term rates, constructed using mortgage rates and bond yields.33 The
33

In the Appendix we present same set of charts for an individual bank and include the current
spread with offered rates.
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relationship between the weighted current mortgage spread and the VRM share is positive, and is more stable throughout the whole period between 1999 and 2014, including
in the mid-2000s, when the relationship between VRM share and expected cost differential becomes
significantly
Weighted
VRM shareweaker.
and current spreads constructed using mortgage and
bond rates
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Figure 5: Weighted VRM share in total activity and different measures of current spread
(1999-2014)
Note: Measures of the current spread are given by the difference between long- and short-term interest
rates, and are constructed using mortgage and bond returns. We use posted returns only.

We next formalize the results of the analysis using the empirical approach suggested
above.

9

Short vs. long-term cost minimization and other
determinants of household mortgage choice: results

In this section, we present results of our empirical analysis using VRM share aggregated
across five largest Canadian banks. Our data include a total of new originations and
its components in renewal and other originations that mostly consist of home purchase
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and refinancing originations.
The results for different models of household expectations rational (RE) vs. adaptive (AE) for the future average short-term interest rates are summarized in Tables 1
and 2. Due to data constraints, for RE model we limit the horizons for forward-looking
measures of interest rates to three years, and for backward-looking measures to one year.
In the adaptive expectations model we look at 1 to 3 year backward looking horizons.
The results differ in their significance depending on the model and the horizon used,
however, the overall picture for the comparison of results between purchase/refinancing
and renewal originations is relatively consistent across different specifications.
Using a model for the total share of variable rate mortgages in total activity originations we find a coefficient of at least 0.9 on the lagged monthly VRM share.34 We
also find that both current and long-term cost minimization motives are important for
VRM share in total activity originations, which is similar to the findings reported in
Badarinza, Campbell, and Ramadorai (2014) using a panel of countries with different
mortgage systems. Across different specifications using components of total originations
instead, we find a significant coefficient on current spread when home purchases and
refinancing originations are used as a dependent variable. At the same time, the results
for renewal originations are less conclusive for either of the two hypotheses discussed
earlier. We find no importance of current cost minimization for mortgage renewal
originations in either RE or AE models, but some support for the long-term cost minimization in RE model (for the forward-looking three-year horizon, with T = 3). The
latter would be in line with the reasoning that households renewing their mortgages
would be less constrained and would be more concerned about the total mortgage costs
over the term, as opposed to immediate mortgage cost differentials.
When adding house price growth, as shown in Table 3, we find a larger coefficient on
current spread for our total activity originations with different horizons of the household rule, and a positive coefficient on the house price growth itself. Long-term cost
34

The annual series of VRM shares in total activity and its components are relatively short to provide
a precise estimate of autocorrelation, but the series are not very persistent at an annual frequency.
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Table 1: Regression results for an adaptive expectations model for average future interest rates
ρ
K=1, T=1
K=1, T=2
K=1, T=3
K=1, T=1
K=1, T=2
K=1, T=3

.94*
.93*
.93*
Total
.94*
.93*
.93*

K=1, T=1
K=1, T=2
K=1, T=3

.95*
.94*
.94*

βC
βL
R2
Total mortgage originations
.013**
.002
.94
.014**
.007
.94
.018* .011**
.94
purchase and refinancing originations
.017*
-.002
.95
.016*
.003
.95
.019*
.006
.95
Total renewal originations
.004
.004
.92
.006
.008
.92
.01
.013**
.92

Note: is the coefficient on the lagged mortgage share; βC and βL refer to current and long-term
mortgage spreads coefficients.

Table 2: Regression results for a rational expectations model for average future interest
rates
First stage
Second stage
γ2
γ3
R2
ρ
βC
βL
Total mortgage originations
.77*
-.11 -.41* .90 .94*
.013
.000
.29** -.46* -.36* .81 .94* .012** .003
-.18
-.38* -.28* .76 .94* .013* .003
Total purchase and refinancing originations
.77*
-.11 -.41* .90 .94*
.015
.002
.29** -.46* -.36* .81 .94* .015* .003
-.18
-.38* -.28* .76 .94* .016* .003
Total renewal originations
.77*
-.11 -.41* .90 .95*
.004
.003
.29** -.46* -.36* .81 .95*
.004
.004
-.18
-.38* -.28* .76 .95*
.006
.004
γ1

K=1, T=1
K=1, T=2
K=1, T=3
K=1, T=1
K=1, T=2
K=1, T=3
K=1, T=1
K=1, T=2
K=1, T=3

R2
.94
.94
.94
.95
.95
.95
.92
.92
.92

Note: As formally specified in Appendix A for the rational expectations model, in the first stage of
estimation coefficient γ1 refers to the coefficient on the current VRM rate, γ2 - on the FRM rate, and
γ3 on the past average of VRM rates over K years. In the second stage of the estimation, ρ is the
coefficient on the lagged mortgage share; βC and βL refer to current and long-term mortgage spreads
coefficients, with the long-term spread predicted in the first-stage regression.
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Table 3: Regression results for an adaptive expectations model for average future interest rates and house price growth (cumulative)
ρ
K=1, T=1
K=1, T=2
K=1, T=3
K=1, T=1
K=1, T=2
K=1, T=3

.93*
.90*
.90*
Total
.92*
.89*
.90*

K=1, T=1
K=1, T=2
K=1, T=3

.94*
.93*
.93*

βC
βL
βHP
R2
Total mortgage originations
.02*
-.002
.20**
.94
.02*
.005
.184*
.95
.02*
.01** .086**
.94
purchase and refinancing originations
.02*
-.01
.23**
.95
.03*
.002
.22*
.96
.02*
.006
.093**
.95
Total renewal originations
.01
.000
.15
.92
.01***
.006
.11**
.93
.01*** .012**
.052
.93

Note: ρ is the coefficient on the lagged mortgage share; βC , βL and βHP refer to current and
long-term mortgage spreads coefficients, and house price growth, respectively.

minimization also continues to be important in one specification. Looking at the components of total activity originations, current and expected borrowing constraints are
more important for purchase and refinancing originations, while there are no consistent
results for the importance of either motives for total renewal originations. If we were
to have aggregate data only on the share of variable rate mortgage originations across
a wider set of financial institutions, the obtained results could possibly also be mapped
to the share of single vs. dual-rate mortgages in variable rate originations depending on
the strength of relative coefficients on current vs. expected borrowing constraints. The
same picture is broadly consistent with the results obtained from a model of rational
expectations with added house price growth in Table 4.
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Table 4: Regression results for a rational expectations model of interest rates and house
price growth (cumulative)
δ1
K=1, T=1
K=1, T=2
K=1, T=3

-.02
-.12*
-.03*

K=1, T=1
K=1, T=2
K=1, T=3

-.02
-.12*
-.03*

K=1, T=1
K=1, T=2
K=1, T=3

-.02
-.12*
-.03*

First stage
Second stage
δ2
δ3
R2
ρ
βC
βL
βHP
Total mortgage originations
-.07* -.03 .19 .93*
.01
.011 .55***
-.06* -.65* .13 .94*
.011
.005 .36**
.04*
.68* .13 .94* .011** .002 .24**
Total purchase and refinancing originations
-.07* -.03 .19 .92*
.012
.012 .60**
-.06* -.65* .13 .93* .014** .005 .39**
.04*
.68* .13 .93* .014* .002
.27*
Total renewal originations
-.07* -.03 .19 .94*
-.001
.013
.50
-.06* -.65* .13 .95*
.002
.007
.31
.04*
.68* .13 .95*
.003
.004
.21

R2
.94
.94
.94
.951
.953
.953
.925
.925
.925

Note: In this table, we do not repeat results of the first-stage regression for the average future
interest rate with T=1, 2, 3, and report only the results of the first-stage regression for the house
price growth. In the first stage of estimation, coefficient δ1 refers to the coefficient on the past house
price growth, δ2 - on the VRM rate, and δ3 on the FRM rate. In the second stage of estimation, ρ is
the coefficient on the lagged mortgage share; βC and βL refer to current and long-term mortgage
spreads coefficients, while βHP refers to the coefficient on expected house price growth from the
first-stage regression.

10

Results on Household mortgage choice: Householdlevel analysis

As mentioned earlier, for household level analysis we can use either repeated crosssections of data from the CFM, used earlier to construct a counterpart to chartered
banks’ VRM series, or its panel component based on household matches across each pair
of adjacent years. Matched households may or may not have mortgage debt outstanding, but those who do cover all types of mortgage originations, including renewals, new
and repeated home purchases and refinancing. The difference between cross-sectional
and panel data is that in the latter we can distinguish between these different mortgage
originations, although indirectly. To do so, we use information on home ownership,
postal codes, balances outstanding, financial institution affiliations and other informa-
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tion across the two adjacent periods.35 For all originations outside of first-time home
purchases and repeated home purchases interrupted by a rental spell we also have information about household’s previous mortgage contract and thus can control for its
effect on the current mortgage choice.
Relative to the previous aggregate-level analysis, we can use two samples consisting
of: (i) observations from the same financial institutions included in the aggregate VRM
share, where we can distinguish between different types of variable rate mortgages; and
(ii) observations from all financial institutions, including smaller banks, credit unions,
mortgage loan companies, etc., where we can classify mortgages only as fixed or variable
rate.36

10.1

Household mortgage transitions

We start with the panel data sample, which includes all of the financial institutions,
and consider transitions between fixed and all variable rate mortgage contracts grouped
into one category, before moving on to a subsample of five chartered banks where we
can distinguish between dual and single-rate VRMs. In both cases, we consider transition matrices between previous and current mortgage contracts of all households who
renegotiate their mortgage, either due to repeated home purchase, mortgage refinancing
or renewal.
In all of these cases, we find a significant degree of persistence in household mortgage
contracts. The absorption rate is somewhat higher for the fixed rate mortgages, where
84 percent of households stay with the same type of mortgage contract, than for all
variable rate mortgages where that rate is 62 percent. Correspondingly, there is a higher
rate of transition out of VRMs than out of FRMs.
Given that refinancing can be considered as a repeated purchase of a home with a
35

Thus, we include into the sample all originations identified between two adjacent periods, which is
different from the criterion used earlier to construct a time series of VRM share in the cross-sectional
household level data.
36
Note that the difference between household and aggregate level samples with respect to the distinction between variable rate mortgages is the greater coverage of the former over time.
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Table 5: Transitions between fixed and variable rate mortgages in the panel of all
financial institutions in the CFM, across all types of originations
Fixed
Variable

Fixed
84
38

Variable
16
62

Table 6: Transitions between fixed and variable rate mortgages in the panel of all
financial institutions in the CFM, by type of origination

Fixed
Variable
Fixed
Variable

Fixed
Variable
Purchase/refinancing originations
82
18
46
54
Renewal originations
86
14
28
72

new contract (with a different amount outstanding or a different amortization period),
we group home purchase and refinancing originations together as in the aggregate data,
and construct transition matrices between FRM and VRM for these categories of originations vs. renewals separately. The absorption rates for fixed rate mortgages are
similar across purchase/refinancing and renewal originations. However, there is a large
difference in absorption rates of VRM contracts, with a significantly higher fraction of
households continuing to choose VRMs when renewing their mortgages, compared to
the same fraction at purchase/refinancing. This would not be surprising simply based
on qualification rules, as households who were eligible for VRM borrowing previously
may lose their eligibility after a change in the parameters of their contract, however,
other considerations may be important as well. Household probit regressions presented
in the next subsection formally assess the role of different mortgage determinants, such
as interest cost differentials and house price growth, proposed earlier.
In Table 7 we distinguish between different types of variable rate mortgages - single
and dual-rate VRMs - using a sample of mortgage originations including repeated home
purchases, mortgage refinancing and renewal. Included in this sample are only those
mortgages that are held with either of the five largest chartered banks in both periods.
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Table 7: Transitions between fixed and different types of variable rate mortgages in the
panel of all financial institutions in the CFM, across all types of originations
Fixed
Variable-single
Variable-dual

Fixed
85
37
36

Variable-single
4
58
2

Variable-dual
12
5
62

The implied porbabilities of transition between all fixed and variable rate mortgages are
generally similar to the sample of all financial institutions in the panel; as are absorption
rates for dual and single rate VRMs.
Transitions between fixed and dual/single rate VRM mortgages do not provide information on whether they take place within the same institution or across institutions.
Given the high concentration of banking market in Canada and specialization of banking institutions across different types of mortgages, the answer to this question helps
determine whether household mortgage choice set is primarily limited to that offered
by their primary financial institution or is more flexible. In particular, households who
have their primary banking with an institution that offers only standard VRM and FRM
mortgages may not take into consideration a dual-rate VRM option when choosing their
mortgage, while the opposite would be true for households with a financial institution
that offers dual-rate VRMs and FRMs. In the case of transitions between variable rate
mortgages there is less ambiguity, given that standard and dual-rate VRMs are offered
by different institutions. This qualification on household mortgage choice set would be
important when we consider a multinomial probit model of household choice with three
outcomes which distinguish between fixed and two types of variable rate mortgages,
although the decision to stay with the same institution may well be a reflection of the
best possible mortgage conditions offered.
For this purpose we look directly at the information on institutional affiliation of
mortgages held by households in two adjacent periods. We start with transitions between individual institutions, labeling them as either standard or dual-rate VRM only
due to confidentiality reasons, without differentiating across different types of mort-
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Table 8: Transitions across individual institutions in the sample of largest five chartered
banks in the CFM
Standard 1
Standard 2
Standard 3
Dual-rate
Standard 4

Standard 1
82
3
3
2
3

Standard 2
3
79
8
6
8

Standard 3
5
10
82
6
8

Dual-rate
7
5
5
82
7

Standard 4
3
2
2
5
74

N obs.
150
178
209
179
133

Table 9: Transitions between groups of financial institutions across different combinations of mortgage contracts
Panel A.
Dual-rate VRM
Standard VRM
Panel B.
Dual-rate VRM
Standard VRM
Panel C.
Dual-rate VRM
Standard VRM
Panel D.
Dual-rate VRM
Standard VRM

Dual-rate VRM Standard VRM
All contracts
0.94
0.06
0.19
0.81
FRM-to-FRM
0.94
0.06
0.17
0.83
FRM-to-VRM
0.88
0.12
0.28
0.72
VRM-to-FRM
0.93
0.07
0.31
0.68

gage originations. We find that between 74 and 82 percent of households do not change
their lending institutions, but that there are also non-zero transition probabilities for
all other financial institutions.
We next group 5 largest chartered banks into two categories by products offered,
and consider switching frequencies between the two groups for different combinations
of mortgage choices in the two adjacent periods. ”Standard VRM” category includes
only one financial institution which offers this type of mortgage together with FRM,
while ”dual-rate VRM” category includes the other four institutions amongst the largest
chartered banks which offer dual-rate VRM and FRM. We consider combinations with
two FRMs, as well as FRM to VRM and VRM to FRM transitions.
Panel A reports transitions between two groups of financial institutions regardless of
the mortgage combination in two adjacent periods. By construction, absorption rates
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here are higher than those available for the individual financial institutions. Panel B
only includes households that do not change their FRM contract. Its results suggest that
19 percent of households move their FRM mortgages from a standard VRM institution
to the same contract in the dual-rate VRM group of institutions, while 6 percent move
their mortgage in the opposite direction. Thus, in either case, it would be likely that
households who move their mortgages would be exposed to the full set of contracts
available at the receiving end institution. Panel C refers to contracts with a change
in FRM contract to VRM contract. It suggests that 28 percent of households with
an FRM from an institution offering a standard VRM move their mortgage to an
institution that offers dual-rate VRMs, and for 12 percent of households with FRM
contract the movement takes place in the opposite direction. Lastly, Panel D reports
on transitions from any type of VRM mortgage to a FRM contract. In particular, the
results suggest that 31 percent of households with a standard VRM go to financial
institutions where a variable rate mortgage contract is dual-rate; while 7 percent of
households with a standard VRM take up a FRM contract in the institution which
offers dual-rate VRMs. Thus, overall, we find a significant amount of movement across
institutions with standard and dual-rate VRMs either within the same type of contact
- like FRM - or across different types of contracts - such as FRM and VRM.
To provide a partial response to the question whether households who stay with
their institution could be receiving as good of an offer as they would receive elsewhere,
we compare interest rates actually reported in our household level data to borrowers
who stay with the same financial institution and change. If we find that despite the
fact that households stay with their own financial institution they are able to obtain
rates that are not significantly different from those of switchers, this could point to
the fact that these households searched and were able to receive as good of an offer,
either net or gross of other costs associated with a switching process. Conditional only
on the information regarding the change in financial institution between two periods,
the difference in mortgage rates reduction on fixed rate mortgages for households who
do not change their lender relative to those who do is not statistically significant to
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Table 10: Relative fixed-rate mortgage cost reduction associated with a change in a
financial institution
No change in financial institution
Change in financial institution

t0
0.056
0.061

t1
0.053
0.056

t1 − t0
0.003
0.005

cover the costs associated with the switching process. In particular, these reductions
are equal to 30 and 50 basis points, respectively, relative to the switching costs, which
include home appraisal fee, mortgage application fee, title search fee, as well as legal
costs associated with a switch of the mortgage.
Finally, in addition to considering flexibility of households in considering mortgage
options across different institutions, we also provide analysis of qualification constraints
that, as discussed earlier, if binding may limit household mortgage choice to fixed
rate mortgages. We consider whether they have been on average binding over the
period under consideration. We compare the realized debt-service ratios under different
mortgage contracts outside of FRMs, to their values using a posted fixed mortgage rate
mandated by qualification requirements. We apply the 5-year qualification rate over
the whole period under consideration, which would lead to some overstatement in DSR
ratio, given that a three-year qualification rate was in effect for some portion of the
period under consideration. This comparison assumes that a household does not adjust
the size of the house purchased or the amount borrowed, only that the household
can adjust the type of contract if the qualification requirements for a variable rate
mortgage are not met. An alternative approach would take into account household’s
joint determination of value of a home, the amount borrowed and the type of the
mortgage contract taken out, where a household would trade off the cost of borrowing
at lower variable rates against the lower mortgage debt.

10.2

Empiricial Results

The time series variation in the aggregate VRM series considered earlier is contributed
to by several components, the largest of which is associated with repeated originations
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Table 11: Relative fixed-rate mortgage cost reduction associated with a change in a
financial institution
mean

p50

0.09
0.13

0.07
0.10

0.10
0.15

0.08
0.12

0.12
0.15

0.10
0.12

dual-rate VRM
effective
posted
single-rate VRM
effective
posted
any VRM
effective
posted

due to mortgage renewal, repeated home purchases, as well as mortgage refinancing.
The remainder of the series is due to first-time and repeated home purchases interrupted
by a rental spell, where no previous decision is available.
Given the weight in the aggregate data of the series of repeated originations, we
focus our household data analysis on the panel component of CFM utilized in the
construction of the above reported transition probabilities. Later on, we also consider
subcomponents of these repeated originations in the panel data, and do robustness
checks using repeated cross-sections.
10.2.1

Repeated mortgage originations

We run a probit model for the t = 1 mortgage choice controlling for t = 0 contract and
using aggregate variables discussed previously as other independent variables. These
are the variables that include expected and current interest rate differentials between
VRM and FRM, as well as expectations of house price growth over the period of the
mortgage contract. Similarly to the analysis in the aggregate data we use rational and
adaptive models for the formation of household expectations regarding the evolution of
short-term interest rates and house price growth variables over the term of the mortgage.
We present two sets of results one using only interest rate cost measures as in Badarinza, Campbell, and Ramadorai (2014), and one adding house price growth regressors
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Table 12: Marginal effects from the probit model with interest cost differentials

Mortgage type
Current spread
Long-term spread

3-year
AE
RE
.36* .35*
.05* .06*
-.01
.02

2-year
AE
RE
.35*
.35*
.06*
.04*
-.01 .03***

1-year
AE
RE
.35* .35*
.06* .02
-.00
.05

Table 13: Marginal effects from the probit model with interest cost differentials and
house price growth

Mortgage type
Current spread
Long-term spread
House price growth

3-year
AE
RE
.36*
.35*
.05*
.05*
-.03** .02
1.24* 1.37

2-year
AE
RE
.35*
.35*
.07*
.03***
-.03** .04**
1.13* 1.52**

1-year
AE
RE
.35*
.35*
.07*
-0.00
-.01
.08**
.39 1.24**

as discussed in the main text. The results presented in Tables 12 and 13 provide a picture similar to that in the aggregate results. In particular, we find that having the same
type of a contact in the preceding period increases the probability of taking up the same
contract next period, with a large positive and significant marginal effect. Controlling
for the previous mortgage choice, aggregate variables continue to be important across
specifications using two different models of household expectation formation. Higher
current mortgage spread consistently increases the probability of taking out a variable
rate mortgage, as does higher house price growth over the term of the mortgage.37 The
sign and the importance of the coefficient is less consistent across specifications for the
long-term cost differential.
As an extension of the analysis, we also consider specifications which distinguish between different types of mortgage originations, grouping together repeated purchase and
refinancing originations vs. renewal originations. We find a negative average marginal
effect of the purchase/refinancing mortgage type on the probability of taking out a
variable rate mortgage of any type; however, the effect is not statistically significant.
Looking at different interest cost differential measures, we find a significantly higher
37

Note that the mortgage choice in the previous period would be a function of the interest rates and
house price growth in the period corresponding to the origination date of that mortgage.
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Table 14: Marginal effects from the probit models of household mortgage choice

Mortgage type
Current spread
Long-term spread

Mortgage type
Current spread
Long-term spread
House price growth

Interest rate measures
3-year
2-year
1-year
AE
RE
AE
RE
AE
RE
.36*
.35*
.35*
.35*
.35*
.35*
.05*
.06*
.06*
.04*
.06*
.02
-.01
.02
-.01
.03*** -.00
.05
Interest rates and house price growth
3-year
2-year
1-year
AE
RE
AE
RE
AE
RE
.36*
.35*
.35*
.35*
.35*
.35*
.05*
.05*
.07*
.03*** .07*
-0.00
-.03** .02 -.03** .04**
-.01
.08**
1.24* 1.37 1.13* 1.52** .39 1.24**

average marginal effect of the current mortgage spread on the probability of choosing a VRM in purchase/refinancing vs. renewal originations. In particular, the differences between purchase/refinancing and renewal originations are significant for the
lower range of current spread values. This suggests that borrowers with home purchase and refinancing originations may go variable even in response to small interest
rate differentials between fixed and variable rate mortgages (possibly a signal of their
borrowing constraints), especially, when the source of this differential is attributed to
the posted fixed mortgage rate, used to set VRM qualification rules. As discussed
previously this would be less important in the case of mortgage renewals. We find no
difference in average marginal effects of the long-term cost differential, and house price
growth between purchase/refinancing and renewal originations. However, coefficients
on purchase/refinancing and renewal originations are significantly different at lower levels of house price growth, which could have a similar interpretation to the results using
current mortgage spread.
Next we consider a sub-sample of the previous observations, where instead of mixing
together all of the variable mortgage rate contracts in one category, we distinguish
between single- and dual-rate VRMs. This distinction is possible given that we have
financial institution affiliation in the panel, and we associate four of the institutions
with dual-rate VRM, and one with a single-rate or variable payments VRM. For this
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Table 15: Marginal effects from the multinomial probit model (using adaptive expectations approach)

Mortgage type
Current spread
Long-term spread
House price growth
Mortgage type
Current spread
Long-term spread
House price growth
Mortgage type
Current spread
Long-term spread
House price growth

3-year 2-year 1-year
Fixed-rate mortgage
-.15*
-.14*
-.15*
-.03*
-.04*
-.03*
.02
.02
-.01
-1.11* -1.06* -.44***
Single-rate VRM
.02*
.02*
.02*
.01
.01**
.00
.00
.01
.01
.36***
.48*
.25**
Dual-rate VRM
.13*
.12*
.13*
.02**
.03**
.03*
-.03**
-.02
-.01
.76**
.59**
.19

purpose we use a multinomial probit model with the FRM as a base outcome.
Table 15 summarizes the results of the adaptive household expectations models for
the choice between three mortgage types.
Using results from an adaptive expectations model as a benchmark, we find that
a unit increase in the current spread increases the probability of selecting a dual-rate
VRM across all three specifications (using 1 to 3 year horizons on long-term and house
price growth variables). Similarly, higher house price growth increases the probability of selecting either of the variable rate mortgages, but more so for the dual-rate
VRM, across the longer-term specifications. And finally, higher long-term spread only
decreases the probability of selecting a fixed-rate mortgage, with the effects not significant for other variable mortgage types. These results seem to lend some support to
the hypotheses that higher house price growth and current mortgage spread increase
the probability of taking out the dual-rate VRM, likely due to their association with
expected and current borrowing constraints, respectively.
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10.3

Bivariate probit model

Note that with respect to the previous household mortgage choice we can run alternative
specifications. The analysis below follows closely Bertaut (1998) who consider household
decisions to participate in the stock market in two subsequent SCF waves in 1983 and
1989, but with an application to household mortgage contracting.
Using the length of the previous relationship with a financial institution we can
back out mortgage origination dates and append to them interest rate and house price
growth values in effect at the time. Then assuming that the same determinants affect
the choice of household mortgage contracts at different instances in time, we can apply
the model discussed earlier to two sequential mortgage contracts held by the household.
For each of the two sequential mortgages that can be held by a household, we observe
a dummy variable of choosing a variable-rate mortgage of any type,

Di = 1
= P (U2i < U1i ) =
P (X2i β2 + u2i < X1i β1 + u1i )
P (u2i − ui1 < X1i β1 − X2i β2 )
P (i < Xi β).
Since we have access to panel data with household mortgage choices in two adjacent
contracts, we can specify a bivariate model and allow for unobserved heterogeneity
resulting from household-specific factors with correlation ρ between the disturbances
for each household i, it = µi + νit where it ∼ N (0, σ 2 ) and E[it i0 −t0 ] = σ 2 , if i = i0
and t = t0 ; E[it i0 −t0 ] = ρ, if i = i0 and t 6= t0 and E[it i0 −t0 ] = 0, if i 6= i0 .
If the errors are jointly normally distributed, the equations for the two mortgage
contracts can be estimated by bivariate probit (Greene (1993)). The variance of it , σ 2 ,
is normalized to 1 because only the ratio of

β
σ

can be identified by probit maximum
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likelihood. The probabilities that enter the likelihood function are then given by the
bivariate normal cumulative distribution function (c.d.f.):

P rob(Y2 = yi2 |Y1 = yi1 ) =

Φ(ωi1 , ωi2 , ρ∗i )

Z

ωi2

Z

ωi1

=
−∞

φ(zi1 , zi2 , ρ∗i )dzi1 dzi2

(5)

−∞

where

ωi1 = (2yi1 − 1)β10 Xi1

(6)

ωi2 = (2yi2 − 1)β10 Xi2

(7)

ρ∗i = (2yi1 − 1)(2yi2 − 1)ρ

(8)

2
2
− 2ρ∗i zi1 zi2 )/(1 − ρ∗i )2
exp[−1/2(zi1
+ zi2
2π(1 − ρ∗2 )1/2

(9)

and

φ(zi1 , zi2 , ρ∗i ) =

is the bivariate normal density.
More specifically, using a model of adaptive expectations for both mortgage decisions, we look at past averages of interest rates and house price growth values in place
of expected future values. If households are rational, we can replace expected future
interest rates with their realized values and instrument them with current and lagged
interest rates. Given that our forward-looking horizons vary between 1 and 3 years,
and we use a lagged average of interest rates over the previous 12 months, our mortgage decisions in this setup would be determined by interest rate measures that are
separated in time, and the extent of separation is determined by the duration of the
horizon used. Given that longer horizons reduce the size of the sample, we can follow
several suggestions in Badarinza, Campbell, and Ramadorai (2014) regarding interpo-
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lating data for the previous mortgage choices early on in the sample using government
bond rates, given that we do not have a complete dataset of interest rates for fixed and
variable rate mortgages for the period preceding 1999.38
Tables 16 and 17 present parameter estimates from the bivariate probit model with
two sequential mortgage contracts, where we use adaptive expectations for interest
rates and house price growth variables and pool together different types of mortgage
originations - repeated purchases, renewal and refinancing. We also present results for
purchase and refinancing mortgage originations vs. renewal originations, similarly to
the approach used for the aggregate data series.
We find that in total originations using the model with interest rates, for both
mortgage contracts parameter estimates for the current spread variable are positive
and significant, while they are not significant on the long-term spread. This is the case
across different horizons of average short-term rate that range between 1 and 3 years in
specifications below. The parameter estimate for the current mortgage spread on the
initial mortgage contract is significantly higher than that for the subsequent mortgage
contract. It is also the case that the initial intercept is significantly more negative than
the subsequent one, but the impact of the less negative subsequent mortgage contract
intercept is offset by the smaller coefficient on the current spread variable. The estimate
of ρ, the correlation between error terms for each household, is large (0.71), and the
null hypothesis that households are not subject to household-specific random shocks
can be rejected with high probability with a Wald test on ρ and a likelihood ratio test.
These are also the results obtained for purchase and refinancing originations grouped
together.
Looking separately at renewal originations we find that the parameter estimate on
the current spread is only significant with the initial mortgage contract, while it is
38

Note that our aggregate analysis, which incorporates lagged VRM shares, is based on monthly
data series, while the average time period between different types of mortgage originations is likely
bounded by the average effective mortgage term. This means that in the household level data two
mortgage originations are on average separated by a time period of between 3.5 and 5 years, as shown
in the time series of the effective mortgage term, constructed using the CFM data.
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Table 16: Coefficients from the bivariate probit mortgage choice equations for an initial
and subsequent mortgage contract: interest rate only model
3-year
VRM1
VRM2

Current spread
Long-term spread
Constant
ρ
No. of observations
Current spread
Long-term spread
Constant
ρ
No. of observations
Current spread
Long-term spread
Constant
ρ
No. of observations

2-year
1-year
VRM1
VRM2
VRM1
VRM2
Total originations
0.287*** 0.122** 0.274*** 0.176*** 0.283*** 0.1120**
-0.074
-0.047
-0.002
0.010
0.006
0.089
-1.06*** -0.66*** -1.22***
-0.94***
-1.25*** -1.00***
0.71***
0.71***
0.70***
1,065
1,260
1,376
Renewal originations
0.257***
-0.001
0.33***
0.065
0.33***
-0.012
0.021
-0.032
0.077
0.059
0.055
0.159*
-1.22***
-0.41
-1.53***
-0.823
-1.49*** -0.89***
0.83***
0.83***
0.81***
559
679
746
Purchase and refinancing originations
0.31***
0.23*
0.212*** 0.276***
0.24*** 0.272***
-0.189**
-0.062
-0.10
-0.038
-0.056
-0.028
-0.84*** -0.87*** -0.86*** -1.029*** -0.99***
-1.061
0.55***
0.55***
0.54***
506
581
630

not different from zero for the second mortgage contract. The parameter estimate
on the long-term spread is only significant for the 1-year average of monthly shortterm interest rates looking backwards. The relative significance of coefficients on the
current mortgage spread and the long-term mortgage spread suggests that borrowing
constraints could be important at the initial mortgages, but long-term cost minimization
may have a role in the choice of a contract with subsequent mortgages.
When we add house price growth to the regressions specification, we find that the
parameter estimate on the current spread is positive and remains significant for the
specification pooling together all types of mortgage originations. The relative sizes
of parameter estimates on current spread are also similar as in the previous interest
rate only model, consistently across different horizons of the backward looking shortterm interest rate average. The parameter estimate on the house price growth is also
positive and significant, and its inclusion results in a more negative coefficient on the
constant term. There is some difference in the ranking of coefficients on house price
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Table 17: Coefficients from the bivariate probit mortgage choice equations for an initial
and subsequent mortgage contract: interest rate and house price growth variables model
3-year
VRM1
VRM2

Current spread
Long-term spread
House price growth
Constant
ρ
No. of observations
Current spread
Long-term spread
House price growth
Constant
ρ
No. of observations
Current spread
Long-term spread
House price growth
Constant
ρ
No. of observations

2-year
1-year
VRM1
VRM2
VRM1
VRM2
Total originations
0.31***
0.185*
0.266*** 0.243*** 0.28*** 0.145**
-0.097
-0.071
-0.064
-0.029
-0.015
0.066
2.51*
3.75***
2.42**
3.44*** 0.74***
0.851
-3.74** -4.78*** -3.68*** -4.69***
-2.01*
-1.92**
0.71***
0.71
0.69***
1,065
1,260
1,376
Renewal originations
0.3***
0.061
0.34***
0.144** 0.33***
0.01
-0.005
-0.032
-0.007
0.014
0.03
0.14
4.033**
3.53**
3.26**
4.59***
0.98
0.87
-5.6***
-4.32**
-4.89*** -5.81***
-2.50*
-1.82
0.83***
0.83
0.81
559
679
746
Purchase and refinancing originations
0.32*** 0.30***
0.20***
0.34*** 0.24*** 0.33***
-0.21**
-0.11
-0.14
-0.078
-0.054
-0.077
1.54
4.73**
1.53
2.99*
-0.066
1.49
-2.47
-6.04**
-2.41
-4.31**
-0.093
-2.69*
0.55
0.56
0.54
506
581
630

growth variables between the two mortgages for different lengths of a backward-looking
horizon. Parameter estimate on house price growth variable is higher for the subsequent
mortgage, except for the case of the 12-month average.
The results are not materially different across two types of mortgage originations renewals vs. purchase/refinancing originations - in terms of the significance of coefficient
estimates on house price growth variables for both mortgage contracts. While this is not
the case for coefficient estimates on the current spread variable, where for purchase and
refinancing originations the current spread is consistently significant for both mortgages,
while this is the case only for the first mortgage for renewal originations.
The probability of choosing a VRM is higher with the subsequent contract, which
reflects the smaller negative coefficient on the intercept term somewhat offset by the
smaller coefficient on the interest rate variables. This small increase in the probability
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of choosing a VRM could be consistent with less binding qualification requirements for
subsequent mortgage borrowers, in particular, for renewal contracts. The marginal effects on predicted probabilities of choosing a VRM for initial and subsequent mortgage
contracts suggest that a lower current mortgage spread reduces the probability of choosing a VRM as an initial mortgage contract by more relative to the subsequent mortgage
contract. Across different types of mortgage originations, the predicted probability of
choosing a VRM appears to be higher for the subsequent mortgage for renewal originations, however, predicted probabilities appear to be similar for two mortgage contracts
for purchase and refinancing originations.
The combination of higher current spread and house price growth values increase
the probability of choosing a variable rate mortgage in the first and the subsequent
mortgage contact. A somewhat different question to ask is how likely a household who
chooses a VRM initially to continue with the same mortgage contract at renegotiation,
compared with the probability of choosing a FRM instead. Using a notation from
the previous subsection, conditional probabilities can be estimated from the bivariate
normal results as:

P rob(Y2 = yi2 |Y1 = yi1 ) =

P rob(Y2 = yi2 , Y1 = yi1 )
Y1 = yi1

(10)

where P rob(Y1 = yi1 ) is derived from the univariate normal c.d.f. of the initial
household mortgage choice.
For households with FRM contract, the average estimated unconditional probability
of choosing a VRM as either initial or subsequent contract is low, and the probability of
choosing a VRM for the subsequent mortgage, conditional on having a FRM, is lower
(about 16 percent). For households with a VRM as the initial mortgage contract, the
probability of continuing with a VRM is high, even across different types of mortgage
originations. The average conditional probability of remaining with a VRM contract is
about 67 percent.
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10.4

Household level variables

We also augment specifications above with household level variables that are thought
to affect household mortgage choice, such as initial loan-to-value ratio, the size of the
initial mortgage, as well as some other demographic characteristics. The coefficient
estimates on household variables are not significant in any specifications, but the signs
on the coefficients largely coincide with those reported in Koijen, Van Hemert, and Van
Nieuwerburgh (2009): a positive sign on the initial mortgage amount, and a negative
sign on the initial loan-to-value ratio.
10.4.1

Robustness checks

Finally, we also rerun specifications with interest rates and house price growth variables
on a sample that is based on repeated cross-sections of household mortgages from CFM,
using the two alternative criteria for inclusion into the sample applied earlier for the
construction of a time series of VRM share.39 In particular, we can use all mortgages
with a length of a relationship with a financial institution of less than 12 months,
merging interest rate and house price growth measures using the period of origination.
Alternatively, we can expand this sample and include all mortgages with a length of
a relationship with a financial institution not exceeding current mortgage term, using
the same matching procedure.
We find similar signs and significance levels of coefficients on the interest rate cost
differentials and house price growth, using adaptive and rational expectations models. However, our ability to predict positive outcomes is diminished in the absence of
observations on previous household mortgage choices.
39

Ehrmann and Ziegelmeyer (2014) have only one cross-section in their household data and conduct
their empirical analysis using not only mortgages with a one-year tenure, but also mortgages that
were originated several years prior to the date of the survey, assuming that household characteristics
have not changed significantly over this period for specifications including individual level variables.
In additional robustness checks we extend the length of the period used to define the total activity
sample beyond 12 months suggested earlier.
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11

Composition effects: regional variation in VRM
shares

To assess the comovement between VRM share in the chartered bank data and its
aggregate counterpart, and to investigate any possible compositional effects behind the
behavior of the aggregate VRM share, we go back to the household level data. The
shares of interest are constructed by aggregating mortgage balances outstanding by
type of mortgage for each year between 1999 and 2014. We choose annual frequency to
avoid volatility in the monthly data and given the design of the target weights for the
CFM. As in other cases, we can also use two samples of total activity originations and
all mortgages. In the former case we have 14 years of data for each of the ten provinces,
while in the latter case we can get a longer time series of up to five years. However,
to avoid introducing statistical biases for the years outside of the 1999-2014 period, we
choose the first approach and look only at the sample of total activity originations.
In the first panel of Figure 6 we compare the national VRM share in total activity
originations with the same share for the largest five Canadian banks, which gives us a
good idea of how representative the latter sample is. In the second panel of Figure 6, we
re-plot the aggregate share and add VRM shares for the largest Canadian provinces.
Both panels suggest that the plotted objects co-move closely with each other, with
changes in the weighted bank-level VRM share largely capturing the time variation of
the aggregate share and the shares for the largest Canadian provinces moving around
the aggregate VRM share.
We then run panel regressions of the VRM share on annual measures of the interest rate variables used earlier and introduce province fixed-effects. The results are
summarized for mortgages held across all financial institutions in Table 18.
The specifications in rows (1) to (8) do not include a lagged VRM share. When
included individually, expected cost differentials between fixed and variable rate mortgages are positive and significant at shorter-term horizons. They continue to be significant when current mortgage cost spread is added to the regressions. Including a
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CFM-based VRM share in total activity: all financial institutions vs. 5
largest banks, annual, 1999-2014
0.5
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VRM share, total activity (all financial institutions, CFM)
VRM share, total activity (5 largest banks, CFM)

(a) National
VRM
CFM-based regional VRM
shares in
totalshares
activity across all financial
institutions, annual, 1999-2014
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(b) Provincial VRM shares

Figure 6:
CFM-based weighted VRM shares in total activity, all financial institutions vs. 5
largest banks (1999-2014, annual) for Canada and for the largest Canadian provinces
Note: BC=British Columbia, AB=Alberta, SK=Saskatchewan, MB=Manitoba, ON=Ontario,
QUE=Quebec, CAN=Canada. The total of the Atlantic region provinces is not included in the chart.
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Table 18: Regressions of ”all” variable rate mortgage shares aggregated across regions:
all financial institutions
L.V RM
share
(1)

F RM t −
¯ t,t−3
V RM
-0.024
-1.58

F RM t −
¯ t,t−2
V RM

0.060
4.31

(7)

0.041
4.18

(8)

0.029
0.62
0.066
6.44

(9)

(15)
(16)
(17)
(18)

0.070
2.41
0.078
7.09

0.256
2.45
0.17
1.71
0.063
0.65
0.12
1.17
0.094
0.89
0.101
0.90
0.101
1.22
0.075
0.70
0.129
1.56

Obs

140

0.045
3.45

(6)

(14)

F RM t −
V RM t

140

0.034
2.62

(5)

(13)

V ol. rule
(1-yr)

0.106
15.59

(4)

(12)

V ol. rule
(2-yr)

140

(3)

(11)

V ol. rule
(3-yr)

0.057
5.02

(2)

(10)

F RM t −
¯ t,t−1
V RM

0.026
2.98

0.119
10.82
0.10
8.34
0.064
3.14
0.12
9.52
0.089
7.63
0.047
2.71

-0.024
-1.61

140
140
140
140
140
140
131

0.024
1.65

131
0.091
8.43

131

0.027
2.51
0.030
2.08
0.042
2.16
0.038
3.06

0.044
1.20
0.054
3.39

0.077
2.73
0.061
1.87

0.028
3.47

0.101
5.81
0.089
4.10
0.065
2.47
0.095
4.98
0.076
3.44
0.048
1.76

Note: The provinces used in these regressions include Ontario, Quebec, Manitoba, Alberta,
Saskatchewan, British Columbia, New Brunswick, Nova Scotia, and Newfoundland. Prince Edward
Island is excluded from these regressions given small number of observations from this province.

131
131
131
131
131
131
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lagged VRM share in specifications (9) to (18), does not materially change the results,
as except specifications (9) and (10) it is not statistically significant.

12

Household mortgage choice and the monetary
policy transmission

We conclude our analysis with a discussion of the implications of dual-rate mortgages
for monetary policy transmission and for mortgage default.
A number of studies in the literature have considered the strength of the monetary policy transmission in the economies where the expectations hypothesis holds and
a mix of fixed vs. variable rate mortgages is predetermined. In such a set-up, Garriga, Kydland, and Sustek (2013) focus on persistent nominal rigidity associated with
mortgages and find monetary policy transmission to be stronger under variable-rate
contracts, with persistent inflation target shocks having larger real effects than cyclical
fluctuations in inflation and nominal interest rates. The two main channels of monetary
policy transmission are associated with its effects on the costs of new borrowing (price
effect) and on the real value of outstanding mortgage debt (wealth effects). The two
effects appear to reinforce each other with standard variable rate mortgage contracts,
while they largely offset each other with fixed rate mortgages, where amortization and
the term of interest rate fixation coincide, either at 30 years as in the US or at shorter
terms as in some European economies. With lower inflation both fixed and variable
interest rates would decline, benefiting new borrowers. However, while lower inflation
redistributes income from existing mortgage borrowers to lenders under an FRM, at
least initially, under the variable rate mortgage contract income is redistributed from
lenders to borrowers.
The source of inflation shocks in their model is important, as the above mentioned
effects will be larger with persistent shocks to stochastic inflation target in the monetary
policy rule, compared to the effects associated with its systematic part, which responds
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to cyclical fluctuations in inflation. In the latter case, general equilibrium adjustments
take place through an expected future path of real interest rates, while in the former case
the offset is less than complete. The authors conclude that in the current extended lownominal interest rate environment with its depressed inflation levels, other things being
equal, countries with higher VRM shares would be experiencing larger real effects.40
Abstracting from household mortgage choice itself (and thus its determinants), we
discuss how predictions in Garriga, Kydland, and Sustek (2013) regarding the effectiveness of the monetary policy transmission would be modified under additional mortgage
contracts considered in this paper: fixed rate mortgages with a term of interest rate
fixation that falls short of the period to amortization, and dual-rate variable rate mortgages. Including these types of mortgages in the discussion would be relevant not only
for Canada, but also for a number of other countries whose mortgage contracts deviate from standard features. The terms of interest rate fixation that are substantially
shorter than the period to amortization increase the proportion of mortgages that will
be affected by interest rate changes above that associated with either standard VRMs
or refinanceable long-term FRMs, with the effect decreasing in the length of the fixedrate mortgage term. In particular, when interest rates decline, inertia and investment
mistakes leading to low volumes of mortgage refinancing of long-term FRMs would be
automatically taken care of when mortgages are renewed several times during the life
of the mortgage. In terms of the wealth effects, changes in inflation would have similar immediate impact on outstanding fixed-rate mortgages, but future expected effects
would be lower, given that interest rates would reset at mortgage renewal taking into
account changes in economic conditions. Moreover, with shorter terms, there are also
more opportunities for existing borrowers to respond to changes in the economic environment and adjust their mortgage choices by changing the type of their mortgage
contract either in terms of the length of the term or the type of rate.41
40

While not part of this paper, this is the subject of ongoing research by the author.
Of course, another argument can still hold that a forward-looking household would be choosing
an optimal mortgage at time zero that would be taking into account a longer forward-looking horizon,
and would not need to be re-optimized, even if such opportunity presents itself at renewal.
41
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In the case of variable-rate mortgages, the wealth effect under a standard VRM
would be as described in Garriga, Kydland, and Sustek (2013), with higher inflation
resulting in a redistribution from borrowers to lenders (at least initially), as nominal
interest rate adjustment precedes changes in the price level and increases the real value
of payments to the lenders. In the case of dual-rate VRMs with the payment level set
using the interest rate at origination, a similar interest rate adjustment would happen,
translating into a higher real burden of the interest portion of the payments. However, without any changes in the nominal total mortgage payment, as in the case of
the fixed-rate mortgage, there will be an offsetting reduction in the real value of the
principal portion, with no immediate effect on the real burden of mortgage payments,
unlike in the case of a standard VRM. However, as principal repayments are postponed
to a later point in time under a dual-rate VRM, they may be subject to future unfavorable changes in inflation. Thus, the net wealth effect or the direction and the sign of
the redistribution effect relative to a standard VRM would depend on future inflation
changes and, accordingly, on the relative strengths of immediate versus expected future
changes in the value of mortgage principal outstanding.
Summarizing the discussion, the monetary policy transmission would be expected
to be more effective under the case of shorter-term FRMs, relative to long-term FRM
where the term of interest rate fixation coincides with the period to amortization, or
refinanceable long-term FRMs. In the case of additional variable rate mortgage choices,
it is likely that in an economy with dominant dual-rate VRMs, the effectiveness of the
monetary policy transmission would be bound from above and from below by that under
the standard fixed and variable rate mortgage contracts, respectively. As mentioned
earlier this is the case given that the most reliable way of transmitting nominal interest
rate cuts in the economy dominated by dual-rate VRMs is through the price effect, and
that the wealth effect under the dual-rate VRM will likely be smaller than under the
fixed rate mortgage contract.
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Conclusions

This paper has provided a comprehensive survey of an alternative mortgage market
characterized by fixed rate mortgages with shorter terms of interest rate fixation, and
by variable rate mortgages with mortgage payments that could be variable or constant
over the length of a mortgage term. We show that the determinants of mortgage
choice suggested in the literature play a role in the choice between these two types
of mortgages as well. In particular, similar to the results in Badarinza, Campbell,
and Ramadorai (2014), we find that households are forward-looking over relatively
short periods of time. Given that a large share of mortgages in a panel of countries in
Badarinza, Campbell, and Ramadorai (2014) consists of shorter-term mortgages similar
to those in Canada, and taking a closer look at the design of variable rate mortgages
this result may be reflective of the convertible nature of VRMs. In particular, variable
rate mortgage may be converted to a fixed-rate mortgage with a term at least as long as
that remaining on the contract. Certain limitations on the length of the mortgage term
allowed under conversion may explain the result regarding short-term forward-looking
nature of household behaviour: households monitor changes in the cost of their variable
rate mortgages early on in the term of the mortgage for as long as conversion is possible.
This suggests that panel studies of multiple countries could benefit from a closer
look at characteristics of individuals mortgage markets. It also points to the fact that
while in a number of cases approximating different housing finance systems with a
traditional division into FRM or VRM-dominated ones could be appropriate, it may
also be important to assess deviations from these scenarios and incorporate changes in
VRM shares over time, in particular, in their relation to the conduct of the monetary
policy. Different dominant housing finance arrangements would also affect the incentives
to default on existing mortgages, which would add the financial stability aspect to the
discussion, along with the monetary policy. One example of such interaction between
the two is related to the 1980s episode in Canada, where a large number of delinquencies
was associated with mortgages renewed in the high interest rate environment linked to
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high inflation. While the threat of higher interest rates has been delayed for now, the
rates would eventually start going up, with large fractions of fixed and variable rate
mortgages coming up for renewal at higher interest rates as well. This would be a
direct parallel with the 1980s and additional research into this historical episode may
be useful to understand potential consequences of an increase in interest rates in the
future.
As mentioned in Koijen, Van Hemert, and Van Nieuwerburgh (2009), mortgage innovation with a large menu of new adjustable-rate mortgages that became available in
the US during the 2000s, has weakened the relationship between household mortgage
choice and expected interest cost differentials over this period, relative to the preceding
episodes. With a continuing process of mortgage innovation and emergence of such hybrid products as combination mortgages, which offer borrowers a split of their mortgages
between fixed and variable rate components, and home equity products, combining the
features of mortgages and lines of credit, further research into mortgage choice determinants and their implications for different aspects of monetary policy and financial
stability may be required.
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Appendix
A

Mortgage and borrower types constructed using
the panel component of the CFM

We use the panel component of the CFM to distinguish between different types of
mortgage originations, such as home purchase, renewal, refinancing and remortgaging.
To do so, we use the information on changes in the following variables between the two
adjacent periods: (i) a six-character postal code, which refers to a rather narrow area
definition; (ii) homeownership tenure (renter/owner); and (iii) mortgage ownership.
More specifically, we identify as home buyers households who: (i) transitioned from
being a renter in period 0 to a homeowner in period 1; or (ii) remained a homeowner
in two adjacent periods, but changed their postal codes, whether or not they had a
mortgage in the previous period. While the case of (ii) would represent repeat homebuyers, (i) would include both first-time homebuyers and homeowners with a rental
spell, which we cannot identify separately.42 In turn, households who renew their mortgages, are those who remain a homeowner, have a mortgage in both adjacent periods,
do not change the postal code for their main residence, and reduce their mortgage balances outstanding. Households who refinance their mortgages, for our purposes, are
essentially the renewers but contract a higher mortgage amount than previously outstanding.43 And finally, remortgaging households are those who remain homeowners
without a change in their postal code, and increase their balances from zero to a positive
number between the two adjacent period.
If we incorporate information regarding financial institution holding the mortgage,
42

More specifically, homeowners with a rental spell refer to those who owner a home, sold it, but
instead of buying their next home right away, decided to rent for a period of time.
43
An alternative definition of mortgage refinancing also includes contracting a longer period of
amortization with the same balances outstanding.
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we can further distinguish whether home purchase, renewal and refinancing took place
with the same or a different institution. Grouping together all home purchase mortgages, refinancing and renewal with a different financial institution we would get an
equivalent of the series on new originations in the bank-level data, while renewals with
the same financial institution would correspond to the series on renewals. In Appendix
B we present summary statistics on household characteristics by type of mortgage.

B

Summary of household characteristics under different mortgage contracts

Statistics reported in the following table refer to a sample of pooled CFM cross-sections.
We only include households with a mortgage term with their financial institution of less
than 12 months, where financial institution is identified as one of the largest five banks.
To report statistics in the following table, we focus on the panel component of the
CFM. We pool together all observations from pairs of adjacent years, for which we can
identify mortgage activity type according to the procedure described in Appendix A.
Due to a small sample size, we only draw a distinction between fixed and all variable rate
mortgages, and thus include households who borrowed from any financial institution
during the period between 1999 and 2014. Statistics reported are aggregated over
subperiods of 1999-2007, 2008-2009, and 2010-2014; we also report averages for the
whole 1999-2014 period.
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Table B1: Summary of household characteristics for dual-rate VRM,
standard VRM and FRM (pooled CFM cross-sections)
mt

LT Vt

DIRt

inct
Fixed-rate
76218
77532
81365
78373
76617
81660
88283
80295
89478
84535
78742

Age Hhd. size
mortgage
39
2.92
41
2.85
40
2.93
42.5
2.7
40
2.87
39
2.49
41
2.61
45
2.44
43
2.56
45
2.48
41
2.77

Panel A:
1999
2002
2005
2006
1999-2007
2008
2009
2010
2012
2010-2014
1999-2014

90727
100082
132764
130558
108866
160361
149236
157046
179628
162673
122737

0.61
0.64
0.64
0.62
0.63
0.65
0.63
0.57
0.69
0.66
0.64

1.61
1.75
2.05
2.30
1.91
2.94
2.21
2.72
2.67
2.63
2.10

Panel B:
1999
2002
2005
2006
1999-2007
2008
2009
2010
2012
2010-2014
1999-2014

120833
83939
119091
159365
107414
191750
188751
171719
140165
160109
135416

0.77
0.50
0.58
0.67
0.57
0.60
0.82
0.61
0.56
0.55
0.60

2.36
1.87
1.82
2.35
1.81
2.34
3.70
2.6
2.27
2.49
2.24

Standard VRM
61667
32
84999
49
89500
45
95781
44
85551
46
108333 44.4
85313
44
87000
42
87333
43
90446
44
87838
45

Panel C:
1999
2002
2005
2006
1999-2007
2008
2009
2010
2012
2010-2014
1999-2014

75563
109162
154153
117425
118629
150911
158703
157403
182390
168549
134137

0.60
0.59
0.58
0.53
0.56
0.58
0.55
0.578
0.51
0.57
0.56

1.52
1.54
2.37
2.13
1.91
2.64
2.29
2.63
3.26
2.78
2.17

Dual-rate
80673
89660
88479
78367
86557
79492
96270
83509
88707
88483
87163

VRM
41
41
43
47
44
48
46
46
46
46
45

Educ.

Freq.

3.76
3.95
3.94
3.91
3.78
4.32
4.20
3.58
3.53
3.89
3.84

560
235
185
169
2,392
130
115
178
117
632
3,269

3.3
2.8
2.5
2.9
2.75
2.7
2.4
2.38
2.56
2.72
2.7

3.7
4.2
4.1
4
4.03
4.7
4.28
4.88
3.53
2.74
3.74

13
13
35
16
118
10
25
16
117
57
210

3.35
2.95
3
2.82
2.98
2.5
2.70
2.31
2.34
2.31
2.79

3.9
4.3
4.0
3.96
4.10
4.38
4.39
4.16
4.54
4.43
4.21

26
104
98
50
551
59
61
58
29
176
847

Note: The sample includes all mortgages with less than a 12-month term with current financial
institution across the largest 5 banks between 1999 and 2014, where all of the variables are available.
mt refers to amount of balances outstanding, LT Vt refers to loan-to-value ratio, DIRt is the
debt-to-income ration, inct refers to total before-tax household income, Hhd.size refers to household
size, and Educ. refers to education with higher level of education associated with a higher numerical
value.
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Table B2: Summary of household characteristics by type of mortgage activity and type of
interest rate (CFM panel sample, all financial institutions)

mt

Fixed-rate mortgages
LT Vt DIRt
inct

All variable-rate mortgages
Freq.
mt
LT Vt DIRt
inct
Freq.
1999-2007
369
131874 0.52
1.27
79632
103
255
137400 0.62
1.65
81454
99
177
93989
0.49
0.44
82222
82
500
94685
0.52
1.90
78601
172

Panel A:
Purchase
Refinancing
Remortgaging
Renewal

125043
127967
85913
92918

0.63
0.65
0.48
0.61

1.49
1.65
0.55
1.95

72960
74253
72759
71720

Panel B:
Purchase
Refinancing
Remortgaging
Renewal

191458
161415
152708
103311

0.57
0.58
0.34
0.43

1.41
2.11
0.29
2.22

84632
77877
80882
75742

2008-2009
34
159292
53
158950
17
178594
66
131308

0.46
0.62
0.39
0.46

1.51
1.57
0.33
1.96

78281
96216
88750
91012

16
37
17
43

Panel C:
Purchase
Refinancing
Remortgaging
Renewal

171614
176067
148279
129483

0.59
0.61
0.56
0.53

2.26
2.22
0.48
2.57

74938
81803
71689
77933

2010-2014
40
181177
65
196444
38
117024
129
139149

0.43
0.53
0.33
0.70

0.99
1.84
1.16
2.98

91176
93750
60500
84455

17
32
21
57

Panel D:
Purchase
Refinancing
Remortgaging
Renewal

134346
141102
101023
100692

0.62
0.63
0.48
0.58

1.55
1.82
0.52
2.09

74047
76041
73191
73241

1999-2014
443
141262
373
153393
232
110004
695
109793

0.50
0.60
0.45
0.55

1.26
1.67
0.55
2.14

80926
87081
79402
81783

136
168
120
272

Note: This sample only includes mortgages from a panel component of CFM. Mortgage activity type
is defined according to the procedure described in Appendix A. Due to a small number of
observations we only distinguish between all variable and fixed-rate mortgages. mt refers to mortgage
balances outstanding (proxying for the amount taken out according to the mortgage contract); LT Vt
refers to the loan-to-value ratio on the mortgage; DIRt is the debt-to-income ratio; and inct refers to
household income.

