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Abstract

This paper shows how households choose between different types of mortgage con-
tracts: a fixed-rate fixed-payment mortgage contract, a fixed-payment variable-rate mort-
gage contract and a variable-payment variable-rate mortgage contract. We show that
these three contracts can coexist in equilibrium and that households welfare is substan-
tially improved when all three contracts are available. Our model matches well mortgage
dynamics in Canada where these three types of contracts are available. Both aggregate
state variables, such as the level of interest rates, and individual state variables, such as
income and wealth, drive heterogeneity in mortgage type choice. Households optimally
trade-off insuring different types of risk depending on their liquidity needs and wealth.
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1 Introduction

Mortgages are the largest component of U.S. households balance sheets - 64% of total U.S.
household liabilities as of Q4 2024. 92% of U.S. households have fixed-rate mortgages
(FRMs) and 8% have adjustable-rate mortgages.1 Households seem to enjoy the certainty
of fixed-rate callable debt, or floating rate debt with caps. We show that the predomi-
nance of fixed-rate mortgages in the U.S. economy is sub-optimal and has significant welfare
costs. Black (1998) argued for floating-rate debt, with fixed payments, where an interest rate
change leaves payment unchanged but affects the allocation between interest and principal.
In this paper, we show that there is scope for three types of contracts to coexist in equilib-
rium: a fixed-rate fixed-payment contract (FF), a variable-rate fixed-payment contract (VF)
and a variable-rate variable-payment contract (VV). We also show that there are benefits of
not tying the length of the mortgage contract (term) to the length of the amortization period
or mortgage maturity (which is predominant in the U.S.).

The Canadian mortgage market, in fact, offers exactly these three types of contracts. Un-
like the U.S., where most mortgages are 15 to 30-year fixed-rate mortgages with non-trivial
refinancing, prepayment and home-equity extraction decisions, in Canada mortgage con-
tracts have 2 to 5-year terms (with 5-year term being the most common). Thus, there is no
inertia in refinancing since all borrowers have to renew their mortgages at the end of the
term. Further, penalties for refinancing or prepaying a mortgage outside of the renewal
periods are very steep and therefore it is not common for households to either refinance,
prepay their mortgage or extract equity from their homes.

Canadian borrowers choose between three types of contract: a FF mortgage (similar to
U.S. FRM), a VV mortgage (similar to U.S. ARM), and VF mortgage. We therefore leverage
data from Canada to calibrate a quantitative life-cycle model with housing in the spirit of
Campbell and Cocco (2003). Our model features forward-looking rational agents, who face
a stochastic stream of labour income, stochastic and persistent short-term interest rates and
a stochastic term premium. Households can decide to buy or rent a house. Households
endogenously choose a type of mortgage contract, either FF, VF or VV, when buying a house,
and later in life, when they renew their mortgage and make that choice again.

Our first result is that all three types of contract can coexist in equilibrium. The opti-
mal choice of contract depends on both aggregate state variables (the level of interest rates

1https://www.stlouisfed.org/on-the-economy/2024/feb/which-households-prefer-arms-fixed-rate-mortgages.
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and term premium) as well as individual agent state variables (wealth, leverage and in-
come). FF contracts are optimal when term premium is low, agents have low wealth and
high leverage. When term premium is low, a FF contract allows agents to make lowest pay-
ments compared to the VV and VF contract, and provide quicker deleveraging. This is also
the contract chosen when agents have low income and high leverage. This is because of
risk aversion. More constrained households enjoy the certainty of payments over the con-
tract life. VF and VV contracts are chosen when term premium is high, and agents are less
constrained (they have higher income and net wealth). When interest rates are low poorer
agents choose a VF contract and richer households a VV contract. The VF contract when
interest rates are low delivers fixed payments for the households at the expense of a slower
deleveraging. Poorer agents choosing a VF contract are liquidity constrained and thus will-
ing to deleverage slower in order to keep their payments low. When interest rates are high,
poorer agents choose a VV contract. This contract due to the expected decline in interest
rates yields smaller payments for agents over the life of the contract at the expense of slower
deleveraging relative to the variable rate contract with payments fixed at the level implied
by higher interest rates. Thus in equilibrium, agents optimally choose the three available
contracts and no contract dominates.

We show that our model captures very well the mortgage origination dynamics in Canada
between 2014 and 2022. We use Canadian data on short-term and long-term interest rates
to estimate stochastic processes for the risk-free rate and term premia and use a large grid
search to calibrate preference parameters. Our model matches the share of FF, VF and VV
mortgages originated during this period, including the decline in the FF originations in 2018
and after 2020, along with the increase in originations of VF and VV mortgages.

Our second main result, is that restricting the menu of contracts available for households
to choose from leads to welfare losses, measured using standard consumption equivalent
variations, between 1% and 4% . Using our model we run several counterfactual equilibria
where only one type of mortgage contract is available to households. In fact, economies
with only fixed rate type contracts have the largest welfare loss (compared to economies
with only variable rate type contracts available). Losses are higher when term premium is
high and only FF contracts are available or when term premium is low and only VF or VV
contracts are available. Indeed, allowing households to endogenously choose any type of
contract delivers better consumption smoothing (i.e. higher consumption and lower con-
sumption growth over an agents’ life). Agents also have less precautionary savings when
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they have a larger menu of contracts available and are able to deleverage faster. Economies
with only FF type contracts deliver obviously lower volatility of consumption and mortgage
payments, but this reduced volatility is not enough to counteract the effects of higher ex-ante
consumption when all contracts are available. Importantly, when we run our counterfactual
experiments we reprice the mortgages such that a representative lender is indifferent be-
tween offering all contracts or only one contract in equilibrium.

Finally, our model also has very stark implications for monetary policy pass-through.
Using our model we can easily understand the pass-through of both interest rate changes
and forward guidance, conditional on the type of mortgages in the economy. We find strong
impacts of changes in the risk-free rate in economies dominated by VV mortgages, mod-
erate pass-through in economies dominated by VF mortgages and limited pass-through in
economies dominated by FF mortgages. In stark contrast, forward guidance, has strong
impact on economies dominated by FF mortgages, and has limited impact on economies
dominated by VF or VV mortgages.

Our paper relates to the literature on mortgage type choice. Andersen et al. (2023), in a
concurrent paper, write “The academic literature on the choice between ARMs and FRMs is
surprisingly small.” This is particularly true for theory models of mortgage choice. To the
best of our knowledge, our model is the first model of mortgage choice where agents can
swap contract types throughout their life-cycle. Andersen et al. (2023), Campbell and Cocco
(2015) develop life-cycle models where agents can choose ARM or FRM contracts when they
enter the economy. In their models, income risk, interest rate risk and borrowing constraints
drive the mortgage choice. Similarly, Campbell et al. (2021) and Guren et al. (2021) show
how ARMs can be beneficial to households in recessions. In particular, they show that there
are significant welfare gains of allowing a one-off conversion of a FRM into an ARM in bad
times, when there are refinancing frictions. Our results are very consistent with Koijen et al.
(2009) who show that a key driver of mortgage type choice is bond risk premium. When risk
premium is high FF mortgage payments are high, which makes VV and VF mortgages more
attractive. We show that this result holds in a long-horizon quantitative model of mortgage
type choice where agents have rational expectations.

Our paper is organized as follows. Section 2 describes the institutional features of the
Canadian mortgage market. Section 3 presents our model. Section 4 describes the model
calibration. Section 5 is the core of the paper. It describes the economics underlying mort-
gage type choice, the welfare benefits of having a menu of different mortgage type contracts
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available, as well as the implications of different contracts for monetary policy transmission.
Section 6 concludes.

2 Institutional Background

The Canadian mortgage market is relatively concentrated in the traditional banking sector,
with the dominant Big 6 banks responsible for the largest share of mortgage originations
and balances outstanding.2 Unlike the U.S. mortgage market, where long-term fixed rate
mortgages (FRMs) are dominant, the Canadian mortgage market is characterized by con-
tracts with short terms (2-5 years, with the 5-year term being the most prevalent) and long
amortization period (25-30 years). Term is the length of time over which a financial institu-
tion commits to extending a loan to a borrower under certain conditions. The amortization
period is the length of time it takes to pay off a mortgage. Thus, with a mortgage term that
is shorter than the amortization period the contract is amortized only partially.

At the end of the term, a borrower is faced with a number of options. The most com-
mon option is for the borrower to renew mortgage with their current lender, by rolling over
at most their balance outstanding and having their mortgage rate reset to the current level
of market interest rates. Typically, by the end of the amortization period, a mortgage con-
tract would have been renewed several times. Alternatively, if the mortgage is not renewed
with the current lender, the balance outstanding needs to be repaid in full, either with the
proceeds of a home sale or with another lender taking over the mortgage at renewal.3 Thus
unlike in the United States where refinancing inertia is very costly for households, in Canada
given that mortgages are renewed every 5 years inertia is not very costly. Further unlike the
U.S. there are severe prepayment penalties when mortgages are renewed before the end of
contract term, as described in more detail below.

Households in Canada can choose between 3 types of contract: (i) a fixed rate fixed pay-

2The share of balances outstanding in the traditional banking sector is about 70% over the 199X-20XX pe-
riod, with the remainder held by credit unions, loan and trust companies, mortgage finance companies, and
mortgage investment companies.

3About 70% of borrowers renew with their original lender. These are borrowers who either prefer the
convenience of renewing with their lender and don’t shop for a more competitive rate at renewal, or those that
do shop around, but stay with their original lender as it price matches an outside offer. These outside offers
do need to be generated through a qualification process, while only the history of past payments matters for
renewal with the original lender.
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ment mortgage (fixed-fixed mortgage), akin to an FRM mortgage in the United States, (ii)
a variable rate variable payment mortgage (variable-variable mortgage), akin to an ARM
mortgage in the United States and a (iii) variable rate fixed payment mortgage. Fixed rate
mortgages (fixed-fixed) have both their rate and payment fixed over the length of the term.
Variable rate mortgages have their interest payments determined by the current level of
short-term rates. However, the total payment varies depending on whether a mortgage is
a variable payment mortgage (variable-variable) or a fixed payment mortgage (variable-
fixed). In the case of the former, the total payment changes as often as the interest rate used
to calculate interest payments. In the case of the latter, the level of total mortgage payments
does not change with the current interest rate and the most popular rate used to set the
level of payments is the short-term interest rate at origination.4 With two different interest
rates used for setting a level of interest and a level of payments, whenever the two differ
from each other, the principal portion of the total payment would absorb the differences. In
particular, if interest rates increase over the length of the term relative to the initial interest
rates, the interest portion of the payment would increase, and the principal portion decrease,
resulting in a slower repayment of principal.5 The opposite is true when interest rates fall
below the level of initial interest rate.6

Prepayment of mortgages in full and refinancing (outside of renewal periods) is rare in
Canada. Partial prepayments through lump-sum payments, are limited to between 10 and
20% of the initial balance of the mortgage per year. However, unlike in the U.S., where full
prepayment is often penalty-free, in Canada full prepayment of a mortgage within a term
involves a penalty, whose size depends on the type of the mortgage and the direction of
the change in interest rates. For variable rate mortgages of both types, the penalty is three
months of interest payments on the balance outstanding at the time of prepayment. The

4Other interest rates, such as a 5-year mortgage rate are also possible. However, since March 2018 all lenders
offering this type of contract in Canada use the short-term rate at origination. It is possible for borrowers to
request their payments to be set at a level exceeding that implied by the current interest rate, but this is not
very common. In particular, until May 2018 one Big 6 bank offered its variable rate borrowers a choice between
variable payments and fixed payments with the level of the former set using the 5-year fixed mortgage rate.
The variable rate mortgages with fixed payments, however, had almost no take-up at this lender.

5Borrowers can always compensate the shortfall of principal payments relative to the initial principal re-
payment schedule by either increasing the level of regular installments or making lump-sum payments.

6Unlike in the case of rate increases, it is not possible to adjust mortgage payments when rates decline by
reborrowing additional mortgage principal paid down. Only prepayments in excess of the regular installments
can be reborrowed under certain conditions.
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same penalty applies to fixed rate mortgages when interest rates at the time of prepayment
exceed the contract rate in effect, but the incentives to prepay in the rising rate environment
may be limited. On the contrary, when interest rates decrease relative to the contractual
rate, the penalty is calculated using the interest rate differential between the contractual
and current rates and is applied over the remainder of the term.7 From the borrower’s
perspective this eliminates any gains from ending the term early to take advantage of lower
interest rates.8 Thus, early renewal is not at all common in Canada in either periods of low
or high interest rates.

The existence of prepayment penalties also reduces the incentive of Canadian consumers
to extract their home equity through cash-out refinancing that involves paying off the cur-
rent balance and originating a new loan secured by the same property with a higher bal-
ance.9 Cash-out refinancing is most likely to happen when a consumer approaches her
scheduled renewal date and when prepayment penalties do not apply. However, taking
out equity through home equity lines of credit (HELOCs) does avoid prepayment penalties
and is more flexible in the amount that consumers can borrow. Hence it is more prevalent in
Canada compared to cash-out mortgage refinancing (Ho et al. (2019)), which is much more
widely used in the U.S.

Thus, the Canadian mortgage system is the right laboratory to study the drivers of differ-
ent mortgage types, since other kinds of confounding effects such as inertia in refinancing,
prepayment or home equity extraction are virtually non-existent.

3 Model

We model the decision of borrowers, at the beginning of their working lifes, who take a mort-
gage to finance the purchase of a house. In each period, in addition to plans for consuming

7More precisely, for all of the Big 6 banks the penalty is calculated using the posted interest rate at the time
of origination and the current posted rate on the term closest to the remaining term to renewal. Contractual
interest rates for most borrowers feature a discount relative to posted rates. Some smaller lenders keep the
penalty at 3 months of interest regardless of the direction of changes in interest rates.

8There may still be a benefit of terminating a contract early and renewing a mortgage with a lower interest
rate outside of the traditional banking system.

9While borrowers may be able to avoid prepayment penalty when increasing the size of the mortgage with
their current lender, there is still a cost associated with doing so. While the existing portion of the loan may
conserve the current interest rate, the amount of the increase is assessed a rate of interest equal to the current
posted rate that is about 200 basis points higher than the average contractual interest rate.
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and saving, each household i makes a decision regarding its mortgage payment and when
allowed whether change the type of mortgage contract. Households live for T = TW + TR

periods. In the first TW working life periods, the household receives stochastic labor in-
come, and during the TR retirement periods, it receives pension income. Our model ab-
stracts from inflation dynamics. We consider a real economy in which either all mortgages
are inflation-indexed or the price level is constant. This allows us to focus on the deter-
minants of mortgage type choice conditional on aggregate interest rate, term-premium and
income dynamics. We only model the loan market and otherwise take a partial equilibrium
approach.

3.1 Bond Market

Households can save in a one-period bond at rate R1,t. Let the log of the one period bond
rate be denoted r1,t, i.e. r1,t ≡ log(1 +R1,t). The one period log interest rate follows an AR(1)
process:

r1,t+1 = (1− ρr)r̄ + ρrr1,t + ϵr,t+1 (1)

We assume the expectation hypothesis of interest rates holds. Therefore, the return for an
n-period bond, which will be used to price the fixed-rate mortgage, is given by:

rnt = (1/n)
n−1∑
j=0

Et[r1,t+j] + ωn,t (2)

where ωn,t is a time-varying term premium that is also persistent:

ωn,t = (1− ρω)ω̄ + ρωωn,t + ϵω,t+1 (3)

3.2 Mortgage Contracts

A risk-neutral financial institution elastically supplies mortgage debt to households in the
economy. The FI offers three types of mortgage contracts: Fixed-Fixed (FF), Variable-Fixed
(VF), and Variable-Variable (VV). Each mortgage is designed to amortize after NA years, and
switching between mortgage types does not reset the amortization schedule. The contract is
defined by the type, χ ∈ {FF, V F, V V }, and the contractual interest rate, RM .
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3.2.1 Market Interest Rates and Payment Functions

The FI sets the market interest rate on the two variable-rate mortgages, Variable-Fixed and
Variable-Variable, as a fixed premium over the one-period risk-free bond:

RV V,t = R1,t + ϕV V

RV F,t = R1,t + ϕV F .

On the other hand, the Fixed-Fixed market interest is as a fixed premium over theNM -period
risk-free bond:

RFF,t = RNM ,t + ϕFF .

When calculating payments for each mortgage, the interest rates will depend on the
mortgage type, market rates, and contract rates, as well as the outstanding mortgage bal-
ance and periods remaining in the amortization. Therefore, for a given set of interest rates,
we define general mortgage payment functions using standard formulae and then tailor
them to each type of mortgage in the next section.

Given the types of mortgages that the FI offers, we allow for different interest rates to
be used in calculating the total mortgage payment and the interest payment. Letting RTP

denote the total payment interest rate, the total mortgage payment is given by:

TP (RT ) =
RT

1− (1 +RT )−TA
M,

where M is the outstanding balance and TA is the number of periods remaining in the amor-
tization. Letting RIP denote the interest rate for the interest payment, interest is given by:

IP (RI) = RIM,

and the principal payment is the residual from the total payment after interest has been paid:

PP (RT , RI) = TP (RT )− IP (RI) =

(
RTP

1− (1 +RTP )−TA
−RI

)
M.

3.2.2 Contract Rates and Payment Structure

In this section, we detail the differences between the three types of mortgages in terms of
how the contract rate is set and how the payments depend on market and contract rates.
Table 1 summarizes the three types of mortgages.
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1. Fixed-Fixed Mortgages
When the household chooses a Fixed-Fixed mortgage in period s, the contract rate
is set to the market rate in that period, RM

s = RFF,s. This is incorporated into the
mortgage contract rate and remains in effect until the household refinances into a new
mortgage. The total and interest payments for the mortgage are both calculated using
the mortgage contract rate. In period t for a contract that was signed in period t∗, total
and interest payments are TP (RM

t∗ ) and IP (RM
t∗ ).

2. Variable-Fixed Mortgage
As with a Fixed-Fixed mortgage chosen in period s, the contract rate is set to the mar-
ket rate, RM

s = RV F,s, and remains effective until the household refinances. The key
difference is that in each period the household has this mortgage, the contract rate is
used to calculate the total payment, but the market rate is used to calculate the interest
payment. In period t for a contract signed in period t∗, the total payment is TP (RM

t∗ ),
and does not vary with market rates. The interest payment, IP (RV F,t), varies with the
current market rate for a Variable-Fixed mortgage. As such, while the total payment
fluctuates, the share of the total payment going towards principal will change as the
market rate changes.

3. Variable-Variable Mortgage
With a Variable-Variable mortgage, there is no contract rate. The market interest rate is
used to calculate both the total and interest payments for the mortgage in each period,
TP (RV V,t) and IP (RV V,t).

3.3 Homeowners with Mortgages

Homeowners with mortgages are characterized by their age, Ageit, cash-on-hand, Wit, per-
sistent income component, Zit, mortgage debt,Mit, the mortgage type chosen in the previous
period, χi,t−1 ∈ {FF, V F, V V }, and (for Fixed-Fixed and Variable-Fixed mortgages) the cor-
responding mortgage contract rate, RM

i,t−1. The aggregate economy state variables are the
interest rate for a one-year bond, R1t, and the term-premium, ωt. To ease exposition, we
define the household’s idiosyncratic state variables, Sit ≡ {Ageit,Wit, Zit,Mit, χi,t−1, R

M
i,t−1},

and the aggregate state variables, At ≡ {R1,t, ωt}.

9



3.3.1 Mortgage Value Function

We can write a general mortgage value function that takes in as arguments the two interest
rates used to calculate the total and interest payments.

V Mortgage({RTP , RI}, Sit, At) = max
Cit

F (Cit, V
Owner,Mortgage(Si,t+1, At+1)),

where F is the Epstein-Zin operator over current consumption and future value, the value
function V Owner,Mortgage is defined in the next section, and subject to the budget constraint:

Wi,t+1 = Yi,t+1 + (1 +R1,t)(Wit − C(·)− TP (RTP ).

The consumption policy function, Cit ≡ C({RTP , RI}, Sit, At), depends on the mortgage
interest rates, household state variables, and aggregate state variables. Mortgage debt, Mit,
is measured at the beginning of the period, and evolves as the existing balance less principal
payment, P (RTP , RIP ) = TP (RTP )− I(RI):

Mi,t+1 =Mit − P (RT , RI).

3.3.2 Household Optimization

In each period, the household makes a choice j ∈ {Continue,Refinance,Rent}. Each of the
first four mortgage choices are subject to the costs set by the FI as described above. If the
household chooses to rent, it permanently enters the rental market. Otherwise, it faces this
same menu of options in each period. The household problem is given by:

V Owner,Mortgage(Sit, At) = max{V Continue(Sit, At),

V Refinance(Sit, At),

V Owner,Rent(Sit, At)}.

Continuing in the Same Mortgage Contract The household can continue in the same mort-
gage, which uses the contract rate when relevant:

V Continue(Sit, At) =


V Mortgage({RM

i,t−1, R
M
i,t−1}, Sit, At)− γt(FF ) if χt−1 = FF,

V Mortgage({RM
i,t−1, RV F,t}, Sit, At)− γt(V F ) if χt−1 = V F,

V Mortgage({RV V,t, RV V,t}, Sit, At)− γt(V V ) if χt−1 = V V,
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where γt(χ) is the utility cost the household pays to continue in the same contract in period t
with mortgage type χ. These expressions highlight the difference between each of the three
mortgage types if the household chooses to continue in the existing contract.

With a Fixed-Fixed mortgage, the contract rate, RM
i,t−1, which is a state variable for the

household, is used to calculate both the total and interest payments. With a Fixed-Variable
mortgage, the contract rate is used to calculate the total payment, but the market rate, RV F,t,
which is calculated as a function of the aggregate state variables, is used to calculate the
interest payment. With a Variable-Variable mortgage, the market rates are always used to
calculate both types of payments.

If the household chooses to continue, then the mortgage type and mortgage contract rate
are the same as in the previous period:

χit = χi,t−1, R
M
it = RM

i,t−1.

Refinancing The household can refinance into a new mortgage, subject to the refinancing
costs that depend on the new mortgage type and the current mortgage type. We also include
a preference shock over each type of refinancing option that represents other factors which
influence mortgage choice but are not captured in our model. Specifically, the household
solves:

V Refinance(Sit, At) = max{V Mortgage({RFF,t, RFF,t}, Sit, At)− κt(FF |χt−1) + σϵFF,it,

V Mortgage({RV F,t, RV F,t}, Sit, At)− κt(V F |χt−1) + σϵV F,it,

V Mortgage({RV V,t, RV V,t}, Sit, At)− κt(V V |χt−1) + σϵV V,it},

where κt(χ|χ−) is the utility cost that a household with mortgage type χ− pays to refinance
into a new contract with mortgage type χ in period t. These expressions emphasize that with
respect to the mortgage calculations, the framework for calculating the value from refinanc-
ing is the same as for the value for continuing except for the interest rate used to construct
the mortgage payments.10 Note also that refinancing into the same type of mortgage is es-
sentially a means of resetting the contract rate, while refinancing into a new mortgage type
both resets the contract rate and changes the structure of payments. In each of the refi-
nancing options, χ ∈ {FF, V F, V V }, the relevant interest rate is the market rate for each

10The choices will also differ based on the continuation and refinancing costs set by the FI. If the continuation
cost of a Variable-Variable mortgage and the refinancing cost from Variable-Variable to Variable-Variable are
equal, i.e., γt(V V ) = κt(V V |V V ), then the choice between continuing and refinancing is identical.
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mortgage type. When the household chooses to refinance, the mortgage type is set to the
new choice, and the new contract rate is the market rate for the new mortgage type:

χit = χ, RM
it = Rχ,t.

Renting The homeowner also considers becoming a renter. This entails selling the home,
which yields (potential) profit πHit = (1 − ϕS − τS)(H −Mit), where ϕS is the transaction fee
charged by a real estate agent, τS is the tax rate on real estate transactions, and (H −Mit) is
the net equity in the home. The proceeds from the home sale are added to cash-on-hand and
total value is calculated using the renter’s value function defined in Section 3.5:

V Owner,Rent(Sit, At) = V Renter(Wit + πHit , Zit, R1t, ωt).

3.4 Homeowners without Mortgages

After their mortgage contract is finished, homeowners live in their homes with no mortgage
payments. However, they may still choose to transition to the rental market, which yields
the net profit from the home sale but then requires paying rent in each period. Thus for
t ≥ NM , the value function for a homeowner is given by:

Vt(W, z,R) = max{V Owner,NM
t (W, z,R), V Renter

t (W + πH , z, R), }

with the same home sale profit equation above, except that, by virtue of not having a mort-
gage, net equity is equal to the value of the house. The value of renting is compared against
the value of owning without a mortgage:

V Owner,NM
t (W, z,R) = max

cOwner,NM
t

F (cOwner,NM
t (W, z,R), Vt+1(W

′, z′, R′)),

with wealth evolving according to W ′ = Y ′ + (1 +R′)(W − cOwner,NM
t (W, z,R)).

3.5 Renters

In the model, all households are initially homeowners, but may choose to make a permanent
transition into the rental market at any point in the lifecycle. The cost of renting is equal to
the user cost of housing plus a rental premium.
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During the working periods of life, renters occupy the same size house as that available.
The date t ≤ Jw rental cost, RC, is defined as:

RCt = (R1t + τHr + µHr + ϕHr )Ht,

where τHr and µHr are the property tax rate and maintenance costs of rental housing, respec-
tively, and ϕHr is the rental premium of rental housing.

In retirement, renter households move to an assisted living facility whose quality is pro-
portional to their retirement income. Rental cost during retirement, t > Jw, is defined as:

RCt = (R1t + τAr + µAr + ϕAr )A(Yt),

where A(Yt) = ĀYt, τAr and µAr are the property tax rate and maintenance costs of assisted
living housing, respectively, and ϕAr is the premium paid for assisted living.

3.5.1 Preferences and Income

As in Campbell (2006) we assume that preferences are separable between housing and non-
housing consumption and that house size is fixed throughout each household’s lifetime. Un-
der these assumptions, we can drop housing from the preference specification. Our agents
have Epstein and Zin (1989) preferences,

Vit = F (Cit, Vi,t+1) =

{
(1− β)C

1−1/ψ
it + βEt(V

1−γ
it+1 )

1−1/ψ
1−γ

} 1
1−1/ψ

, (4)

where γ is the coefficient of risk aversion, β is the subjective discount factor, and ψ is the
elasticity of intertemporal substitution.

During the work life agent’s are endowed with stochastic labor income Yit. Income dur-
ing the household’s working life is modeled following Guvenen et al. (2021). In period t of
household i’s working life, income is given by:

Yit = (1− νit) exp(g(t) + αi + zit + ϵit), (5)

where g(t) captures the age profile of the household’s earnings and αi is a household fixed
effect calibrated to match average earnings. The unemployment shock, νit, generates a large
decrease in income when the household is unemployed, while the stochastic processes, zit
and ϵit, capture, respectively, persistent and transitory income shocks for employed house-
holds.
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The persistent income process, zit, follows an AR(1),

zit = ρzi,t−1 + ηit, (6)

with innovations drawn from a mixture of normal distributions. The persistent shock ηit is
N (µη,1, ση,1) with probability pz and N (µη,2, ση,2) otherwise.

The transitory shock, ϵit, is also a mixture of normal distributions drawn from N (µϵ,1, σϵ,1)

with probability pϵ and N (µϵ,2, σϵ,2), otherwise. In both cases, the expected value of the
mixed distribution is zero.

The unemployment shock, 1− νit, is given by

1− νit =

1 with prob. 1− pν(t, z
i
t),

λ with prob. pν(t, zit),
(7)

where

piν(t, zt) =
exp(aν + bνt+ cνz

i
t + dνz

i
tt)

1 + exp(aν + bνt+ cνzit + dνzitt)
. (8)

This shock depends on the household’s age and the persistent component of the income
process. When the unemployment shock is realized, the household’s income is scaled down
by a constant fraction, λ.

Following Cocco et al. (2005), retired households receive a deterministic fraction, ω, of
their income in the last period of their working lives. More precisely, for retired household i
in period t, income is given by

Yit = ω · exp(g(T r) + αi + zi,T r) (9)

where T r is the final working period. Income is taxed at a constant rate τY .

3.6 Financial Institutions and Mortgage Supply

We assume there is a representative, deep-pocked, risk-neutral lender supplying mortgages.
The lender sets mortgage premia ϕχ with χ ∈ {FF, V F, V V } to break-even in equilibrium.
The required mortgage premium required will depend in equilibrium on the probability on
the type of contract chosen, prepayment and default.

In particular for each new originated contract, defined the net present value of the ex-
pected payments, made by household i on a mortgage originated at t′ can be written recur-
sively as:
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Π(Sit′ , At′ , χit′) = φitCF
1
it + (1− φit)[CF

2 + Et[mt,t+1Π(Si,t′+1, At′+1, χi,t′+1)] (10)

where φit is the endogenous household policy function that takes the value of one if the
household moves or refinances the mortgage and zero otherwise, CF 1 is the corresponding
mortgage cashflow (i.e. a prepayment if the household moves or refinances the mortgage)
and CF 2 is the payment on the mortgage if the household keeps with its current contract.
This payment is a function of the current mortgage balance outstanding, aggregate state
variables, the state of the world at mortgage origination and mortgage premium ϕχ. Fi-
nally, mt,t+1 is the appropriate risk-neutral discount factor for the lender (which depends on
mortgage type and aggregate state of the world).

For all the counterfactual experiments we run we change ϕχ to ensure that our represen-
tative lender breaks-even in equilibrium and is indifferent between supplying one type of
mortgage contract or any other combination of mortgage contracts simultaneously.

4 Model Calibration

4.1 Financial Markets

We calibrate the stochastic interest rate and term-premia processes in the following manner.
We use Canadian 1-year government bond yields (GOC-1) between 1980 and 2023 to esti-
mate equation (1). We estimate the average 1 year risk-free rate to be 2.977%, the persistence
parameter of interest rates to be 0.896 and the standard deviation to be 1.21%. Given our
estimates of the AR(1) process for interest rates, we can estimate equation (3). We use data
on 5-year Canadian government bond yields, the estimated parameters for equation (1) and
the expectation hypothesis of interest rates to get a time-series for the term-premium. We
then estimate the average term-premium to be 0.4%, its persistence to be 0.74 and volatility
0.52%. We report all of these parameters in Table 2.

We calibrate the mortgage premia, i.e. the spread over the government bond, to the av-
erage mortgage premia in the data during our sample. For VV and VF contracts we take the
average difference between the mortgage rate and the one-year bond yield. For FF contracts
we take the average difference between the mortgage rate and the five-year bond yield. In
all three cases, the spread has been 1.50% on average over the sample period, with very little
variance. As such, we set ϕFF = ϕV F = ϕV V = 0.0150. The mortgage is used to finance the
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purchase of a house worth $255,000 CAD, which matches the average house purchase for
first time home buyers under 40 years old in the Canadian Survey of Consumer Finances.
We set ϕS , the transaction cost of selling a house to 5% and τS , the tax rate on capital gains
to 1%.

4.2 Mortgage Contracts

We set the structure of origination, refinancing, and continuing costs to match the Canadian
mortgage market. In the baseline calibration, the household has access to all three mortgage
contracts, so the origination cost for each type is zero: κ(FF ) = κ(V F ) = κ(V V ) = 0.

As discussed above, the majority of mortgages amortize for NA = 25 years and mortgage
contracts are in effect for five years. Households with mortgages must renew their contracts
every five years, and we denote these renewal periods as the set τR = {6, 11, 16, 21}. In all
other periods, denoted by the set τN = {1, 2, . . . , 25} \ τR, households must stay in the same
contract.

To model this, we set continuing and refinancing costs in the following way. For each
mortgage type χ, the continuing cost is zero in non-renewal periods and infinity in the re-
newal periods, and, conversely, the refinancing cost is infinity in non-renewal periods and
zero in renewal periods:

γt(χ) =

0 if t ∈ τR

∞ if t ∈ τN
, κt(χ|χ−) =

∞ if t ∈ τR

0 if t ∈ τN
,

where the second equation is for each χ−, which implies that the new mortgage choice is
independent of the previous mortgage choice.

4.3 Income and Preferences

The income process is calibrated in two steps. The stochastic component is specified follow-
ing Guvenen et al. (2021) and uses the estimated parameters from that paper. The deter-
ministic lifecycle component of the income process is estimated using Canadian data from
the Survey of Financial Securities for mortgage holders. The full set of parameters for the
income process are reported in Table 3.

Finally we are left with calibrating preference parameters: discount factor β, coefficient
of risk aversion is γ, the elasticity of intertemporal substitution is γ and the volatility of the
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EVT shocks σ which smooth the policy functions and account for taste-based preferences of
households (i.e. preferring a bank or a product to another).

We calibrate these four parameters using a very large grid search in order to minimize
the distance to a set of target moments. In particular we are interested in matching mortgage
share originations over time, i.e., given the path of interest rates and term-premia between
2014 and 2021 (the range of our mortgage origination data), we do a grid search for β, ψ, γ
and σ to minimize the distance between mortgage originations in the model and in the data.
We use the 2016 Canadian Survey of Consumer Finances to calibrate initial initial mortgage
balances, debt-to-income ratios, financial savings to income, and then feed our model with
the observed interest rate path and term-premia during the 2014 and 2021 period. We simu-
late the model in a OLG fashion. Figure 1 plots the average share of FF mortgages originated
(top panel), VF mortgages originated (middle panel) and VV mortgages originated (bottom
panel) between 2014 and 2022.

The model matches mortgage originations over time fairly well. For most of our sample
period, most mortgages originated in Canada were fixed rate mortgages. There is a signifi-
cant dip in the proportion of fixed rate mortgages originated in 2018 and after 2020. These
were periods where term-premia in Canada was increasing. 11.

5 Model economics, simulation and counterfactuals

In this section we use our calibrated model to illustrate the economics of mortgage type
choice and to run some counterfactual analysis. Subsection 5.1 describes the policy functions
for mortgage choice. These illustrate the key economic forces underlying choices by house-
holds as divided into two groups: aggregate factors and household factors. In subsections
5.2 and 5.3, respectively, we simulate our model for economies where only one type of mort-
gage contract is available (a counterfactual world) and where all types of mortgage contracts
are available. This will allow us to assess which contracts are more valuable for households
conditional on the state of the world and to quantify the impacts of the contract space on
household average consumption and volatility of consumption. Section A illustrates how
mortgage contract type choices are impacted by different preference parameters. Section 5.4
shows the passthrough effects of conventional monetary policy and forward-guidance on

11Similar evidence for USA: https://www.pimco.com/us/en/insights/

will-the-true-treasury-term-premium-please-stand-up
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consumption depending on prevailing type of mortgage outstanding in the economy.

5.1 Drivers of mortgage type choice

In this section, we examine the household mortgage choice policy function. This is the key
object of interest that emerges from our calibrated model since it allows us to understand the
factors driving mortgage choice. The policy function takes as input the aggregate state vari-
ables,At ≡ {R1,t, ωt}, and the household state variables, Sit ≡ {Ageit,Wit, Zit,Mit, χi,t−1, R

M
i,t−1},

and we analyze each set of factors separately. We consider a household’s initial mortgage
choice and when the state variable for persistent income is set to the median of the stochastic
process.

5.1.1 Aggregate state variables

Figure 2 shows the policy functions of mortgage type choice as a continuous function of the
aggregate state variables, short term interest rate (x-axis) and term premium (y-axis), for
four combinations of household leverage and cash-on-hand. We focus on extreme cases of
leverage (high and low) and cash-on-hand (high and low) since they help convey intuition
for household behavior.

In the figure, for a given combination of state variables, each color represents the house-
hold’s optimal mortgage choice: blue is Fixed-Fixed, red is Variable-Fixed, yellow is Variable-
Variable. The optimal choice of exiting the homeowner market and becoming a renter is
represented by the color green.

Panels A to D illustrate the stark role that the term premium plays in driving mortgage
choice. For essentially all households, when the term premium is small, the optimal mort-
gage choice is Fixed-Fixed. A small term premium makes the Fixed-Fixed mortgage very
competitively priced relative to the Variable-Fixed and Variable-Variable mortgages, whose
pricing is independent of the term premium. In other words, a small term premium de-
creases the spread between Fixed-Fixed and both Variable mortgages, and thus locking in
the low interest rate over the contract term is better for all households, regardless of cash-
on-hand or leverage.

In each panel, as the term premium increases, the Fixed-Fixed is dominated for all house-
holds by one of the Variable mortgages. In Panel A, when households have low cash-on-
hand and low leverage, a low interest rate motivates households to choose Variable-Variable,
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while a higher interest rate makes it optimal to choose Variable-Fixed. While the same pat-
tern holds true in Panels B and C, the opposite is true in Panel B.

Overall, aggregate factors are crucial for determining the choice between Fixed-Fixed
versus the Variable mortgage types. This is consistent with the well-documented empirical
fact that the spread between mortgage rates, which in our model is governed primarily by
the term premium, is a key driver of mortgage choice. The choice between the two types of
Variable mortgages then depends on household-specific factors and we turn to these in the
next section.

5.1.2 Household state variables

Figure 3 shows the policy functions of mortgage type choice as a continuous function of the
household state variables, cash-on-hand (x-axis) and leverage (y-axis), for four combinations
of the 1-year bond rate and term premium. We again focus on extremes cases of the 1-year
rate and term premium to help convey intuition behind household behavior in the model.
As above, each color represents an optimal choice: blue is Fixed-Fixed, red is Variable-Fixed,
yellow is Variable-Variable, and green is rent.

Panels A and B of Figure 3 show the choices when the term-premium is very low. For
very low levels of cash-on-hand the agent moves to the rental market. These are the agents
who do not have enough liquidity to make their mortgage payments. As discussed in the
previous section, when the term premium is very low the agent always prefers a fixed-rate
mortgage for both high and low levels of interest rate and for any level of cash-on-hand.

Figure 4 helps understand mortgage choices for different levels of interest rate and term
premium, using an example of the mortgage originated in the amount of $200 thousand
dollars. The left panels of this figure show the average paths of payments (interest and
principal) agents can expect over the next 5 years. The right panels show the speed of debt
repayment or deleveraging.

When the term premium is low and interest rate is low (Panel A.1), the fixed-rate mort-
gage allows agents to make much smaller payments compared to variable-fixed and variable-
variable mortgages. Because interest rates increase (in expectation), the variable-variable
contract payments increase over time. The variable fixed payments are constant, but due
to increasing interest rates, deleveraging is much slower under this contract compared to
the fixed-fixed contract (Panel A.2). Thus, agents trivially opt for the fixed-fixed contract,
which is the one with lowest payments in expectation over the next 5 years and provides the
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fastest deleveraging. This contract is the best in terms of liquidity and wealth effects (lower
payments and fastest deleveraging).

Panel B.1 shows a similar result. When interest rates are high, but term premium is low,
a fixed-fixed contract has lower payments over 5 years (in expectation) and provides fast
deleveraging for households (variable-fixed provides faster deleveraging, but this effect is
not strong enough for this contract to be chosen).

Panels C and D of Figure 3 show the choices of the agent when the term premium is high.
This is the most interesting case. When the term premium is high agents never choose the
fixed-fixed contract. This is intuitive, since mortgage payments, when the slope of the term
structure is high, are very large for a fixed contract. This can be clearly seen in Figure 4: the
fixed-fixed contract has the largest payments (Panels C1 and D1) and provides the slowest
deleveraging (Panels C2 and D2). The choice between a variable-variable contract and a
variable-fixed contract is more subtle. As panels C and D of Figure 3 show, when the inter-
est rate is low, poorer agents choose a variable-fixed contract and richer agents a variable-
variable contract. The opposite happens when the interest rate is high, poorer agents choose
a variable-variable contract and richer agents a variable-fixed contract.

Panels C and D of Figure 4 help understand why this is the case. When interest rates are
low (Panel C), the variable-variable contract has increasing expected payments (because in-
terest rates are expected to increase), but it also has increasing principal payments and thus
provides fast deleveraging. On the other hand, as the fixed-variable contract has fixed total
payments, expected increasing interest payments mechanically result in decreasing princi-
pal payments. Therefore the fixed-variable contract provides much lower total payments
over the 5-year horizon, but much slower deleveraging as well. As poorer agents value liq-
uidity more, they would pick the variable-fixed contract, while richer agents would prefer
the variable-variable contract.

When the level of interest rates is high (Panel D), in expectation interest payments de-
crease. Thus payments for the variable-variable contract decrease over time. Total payments
for the variable-fixed contract are fixed (and higher than the payments for the variable-
variable contract), but interest payments decrease over time, which mechanically implies
that this contract provides faster deleveraging. As a result, liquidity constrained poorer
agents pick the variable-variable contract, while richer agents would prefer the variable-
fixed contract.
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5.1.3 Discussion

Our analysis of the household mortgage choice policy function yields two main insights re-
lated to aggregate and household factors. At the macroeconomic level, a low term premium
makes FF mortgages attractive for all households, regardless of idiosyncratic conditions.
Conditional on a high term premium, household factors take a central role in determining
the optimal choice between VF and VV mortgages.

To understand this latter choice, it is useful to think of mortgages as a form of risk man-
agement, with each type of mortgage insuring against different combinations of risk. In
our model, there are two forms of mortgage-related risk: payment risk (liquidity risk) and
balance risk (wealth risk).

Payment risk is the traditional form of risk associated with any security in which the
interest rate used to price payments is indexed to a non-deterministic market interest rate.
In our case, only VV mortgages have payment risk, since FF and VF mortgage contracts
codify the interest rate that will be used to construct payments.

Balance risk is the uncertainty surrounding the outstanding level of mortgage debt that
the household will need to refinance at the end of each term. This form of risk only exists
because the contract term is less than the total maturity.12 Balance risk is directly related to
uncertainty regarding principal payments. If principal payments are known with certainty,
then the outstanding balance in the renewal period is known with certainty.

Clearly, FF mortgages have no balance risk since the total, interest, and therefore princi-
pal payments are all calculated according to the contract rates. VV mortgages also have no
balance risk. Although total payments and interest payments in each period both depend
on stochastic interest rates, by construction, the total ratio between principal and interest
payments remains the same, and therefore total principal paid over the term is known with
certainty. The only mortgage type exposed to balance risk is VF, which have contractual total
payments and market-varying interest payments. Since principal payments are the residual
total payment after interest is paid, they too are stochastic, and thus the total outstanding
balance at the end of the term depends on the realization of interest rates.

Altogether, each mortgage provides a different form of insurance. The traditional FF
mortgages insurance against both payment risk and balance risk, while traditional VV mort-

12Balance risk is related but independent from rollover risk, which is uncertainty about prevailing market
rates when the mortgage must be renewed. Rollover risk is the same for all three kinds of mortgages and
cannot be insured against.
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gages insure only against balance risk. VF mortgages complete the menu of options by in-
suring only against payment risk.

This interpretation of mortgage contracts as forms of insurance can help us reframe the
analysis in the previous section. As discussed, poorer households value liquidity more, and
therefore they prefer the Variable-Fixed contract more than the Variable-Variable contract
(conditional on the aggregate state variables). In other words, a poorer household’s welfare
is much more sensitive to its immediate liquidity than its long-term wealth, and therefore
if it can only afford one form of insurance, it chooses to remove liquidity risk as opposed
to wealth risk. In the context of mortgage choice, this means preferring Variable-Fixed to
Variable-Variable mortgages. As liquidity increases, the household can afford to take a more
longsighted approach and consider the implications of its choices for lifetime wealth.

5.2 Economies with only one type of mortgage contract available

The policy functions show some of the economic drivers of mortgage choice for extreme
levels of term premia and interest rates. We highlight some more nuanced drivers of the
mortgage choice by simulating our model. We simulate 250 economies, each with 9,000
agents, using an overlapping generations approach. To better understand the main effects,
we start by examining four different scenarios: (i) the baseline model, in which agents can
endogenously choose any of the three contracts (FF, VF, and VV) in reset periods, (ii) a model
with fixed-fixed contracts only, (iii) a model with variable-fixed contracts only, and (iv) a
model with variable-variable contracts only. Thus, the first scenario is the one where agents
have larger contract space available. For all the remaining scenarios the loan premia adjusts
endogenously such that lenders have the same net present value as in the baseline model.

Table 4 shows the welfare losses in consumption equivalent units of economies with only
one mortgage contract available compared to economies with all three contracts available.
The first column shows the unconditional welfare losses. The remaining columns show the
welfare losses conditional on the state of the economy.

The first thing to notice is that welfare losses are between 1% to 7% of annual consump-
tion, and thus economically are very large. If agents had to pick only one contract to be
available, they would pick the variable-fixed contract. Unconditionally, as shown in the
first column, the economy with this contract suffers a welfare loss of 2.36% compared to an
economy where all contracts are available. This contrasts with the higher welfare losses in
economies with only fixed-fixed contracts available (3.78% loss) and economies with only
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variable-variable contracts available (3.35% loss).
The remaining columns of Table 4 and those in Table 5, help to understand why this is

the case. Columns 2-3 of Table 4 show the welfare losses when interest rates are high (and
term premium is either high or low) and columns 4-5 show the same when interest rates are
low. We define interest rates to be high (low) if they are above (below) the average level of
interest rates. We do the same for term premia.

Fixed-fixed mortgage contracts have the lowest welfare losses when term premium is
low. On the other hand, variable-variable and variable-fixed contracts have the lowest wel-
fare losses when term premium is high (conditional on term premium being high, variable-
variable contracts are better than variable-fixed when interest rates are low). These rankings
are consistent with the intuition from section 5.1, where mortgage holders choose fixed-fixed
mortgages when term premium is low, since in this state of the world this contract has the
lowest total payments and provides fast deleveraging (actually the fastest deleveraging if
interest rates are also low). When term premium is high, households prefer contracts with
variable interest rates. The choice between fixed or variable total payments on these variable
rate contracts depends mainly on households’ wealth at that time.

Overall, agents trivially prefer a world where all three contracts are available. If they had
to choose just one contract unconditionally, they would prefer a VF contract to a VV or FF
one.

Table 5 shows income, consumption, savings and leverage over the life-cycle for each of
the four scenarios under consideration (an economy with all mortgage contracts available,
and economies with only one mortgage contract available). The first column of the table
shows income over the life-cycle. Income in our model is exogenous and independent of the
type of mortgage contracts available, and thus identical for all four scenarios.

Columns 2 to 5 show consumption over the life-cycle for each scenario. Consumption is
lower than income and inherits the same hump-shape pattern. This is standard in life-cycle
models as agents save for retirement.13 More importantly, over the entire life-cycle the level
of consumption is higher when all contracts are in the feasible contract space. This happens
because agents do less precautionary saving when they have more flexibility in the mortgage
contract they can choose, and they are able to optimally choose contracts that minimize their
overall debt burden (more on this below).

Interestingly, VF contracts allow agents to have higher consumption early in their life-

13Further, income in the first column is gross of any income taxes.
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cycle and lower later in life compared to FF and VV, implying a better consumption smooth-
ing (and therefore higher ex-ante welfare). Despite the varying interest payments under this
contract, agents know that payments are fixed and are able to consume more early in life.
This contrasts with the FF contract, which despite the fixed payments and rate, yields the
lowest consumption for agents early in life. This is because the average term premium is
positive in our economy and therefore a fixed rate contract is more expensive, on average.

Columns 6 to 9 show average financial savings of agents over the life-cycle. Liquid sav-
ings, on average, increase over the life-cycle as agents save for retirement, this is true for all
scenarios under consideration. They are on average lower when all contracts are available
(since agents do less precautionary saving) and higher in economies where only VV con-
tracts are available. In these economies agents are very exposed to interest rate risk and thus
save more for precautionary reasons.

The last four columns of the table show average leverage over the life-cycle. Average
leverage in the economy is the lowest when all contracts are available. This is because agents
are able to endogenously choose the contract that helps them minimize interest payments
and deleverage the quickest.

Table 6 helps illustrate why agents do more precautionary saving when they have a lim-
ited contract space available. It shows averages and standard deviations of consumption
growth, as well as levels of interest payments and total mortgage payments, conditional on
agents having a mortgage outstanding. Average consumption growth is the lowest (6.0%)
when all contracts are in the choice set of agents, and the highest (6.7%) when only the
VV contract is in the choice set. This is consistent with the previous results: having all the
contracts available helps agents smooth consumption over the life-cycle (and thus lowers
consumption growth), whereas the VV contract is the riskiest of all, forcing agents to save
more early on in the life-cycle. Interestingly, on average total payments are highest under
a FF contract (18.7 thousand dollars) and lowest when all the contracts are available (17.8
thousand dollars). Therefore, a FF contract is in dollar terms much more expensive than a
VF contract or a VV contract. The benefit of a FF contract is the certainty of total payments
and thus, this is the contract with the lowest standard deviation of total payments (note that
the standard deviation of total payments is not zero under a FF contract because agents re-
new the contract every 5 years and therefore the interest rate resets and so does the total
payment).

In the next subsection we describe in more detail a world in which agents can endoge-
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nously choose any of the mortgage contracts.

5.3 Economies with all contracts available

What are the drivers of mortgage choice when several contracts with different characteris-
tics are available and agents choose endogenously which type of mortgage contract to take.
Recall that in our economy agents can freely change their contract type in reset periods.

Table 7 shows average income, consumption, savings and proportions of mortgage types
outstanding as a function of the aggregate state of the economy (the two aggregate state
variables in our model are the level of interest rates and the term premium). All the statistics
are conditional on agents having a mortgage outstanding, in other words, we focus on the
first twenty-five years of agents life. The first two rows of the table show income and income
growth. The numbers are virtually unchanged across different states of the economy. This
is because income is exogenous and uncorrelated with the aggregate state variables of the
model. While in practice, the levels of interest rates and term premia can be correlated with
income, we do not want the correlation of income and the aggregate state of the economy
to drive mortgage choice, or to confound the effects, thus all the heterogeneity in mortgage
choice in our model has little to do with income correlation with aggregate states of the
world.

The third and fourth lines of the table show average consumption growth and standard
deviation of consumption growth. Consumption growth is higher when interest rates are
high and lower when interest rates are low. This result comes straight from the Euler equa-
tion for consumption. When interest rates are high, agents save more today, and consume
more tomorrow.

More importantly, the last three rows of the table show the proportions of agents in each
type of contract. The first thing to notice is that there is a mass of agents in each type of
contract for all aggregate states of the world. This is mainly due to the overlapping genera-
tion feature of the model, which implies that households are able to change their mortgage
type in different periods (and thus different aggregate states) and then have to stick with
the contract until the next reset period. So unlike Black (1998) who argued that a variable-
fixed contract would dominate any other type of contract, we show that endogenously there
is scope for the three types of contract to co-exist. The second thing to notice, is that FF
contracts are predominant in periods of low term premia, whereas VF and VV contracts are
predominant in periods of high term premia. The intuition is straightforward. When term
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premium is low the FF contract is the one delivering lower payments over the horizon of
the contract and faster deleveraging. Third, VF contracts are more likely to be picked when
interest rates are high, whereas VV contracts are more likely to be picked when interest rates
are low (for any level of term premium, high or low).

So far we have been focusing on how aggregate states of the economy impact contract
choice, since the levels of term premia and interest rates have the first order effects on opti-
mal contract choice. However, individual characteristics, such as level of savings, leverage
and income growth, also impact contract choice. Table 8 shows individual agent charac-
teristics as a function of the type of mortgage contract outstanding. Agents that pick fixed
rate mortgages (first column) tend to have lower income, lower savings and higher lever-
age (rows 1-3 of the table). These agents have a lot of leverage compared to their income
and savings and therefore value the fixed payments that a FF contract delivers. Rows 5-6
show the standard deviation of the ratio of total mortgage payments to debt outstanding
and interest payments to debt outstanding, respectively. Trivially, the FF contract delivers
the lower standard deviation of mortgage payments. The choice between the two variable
rate contracts is more subtle. Households prefer variable rate fixed payment contracts when
interest rates are very high. This is because in expectation, interest rates are likely to decrease
going forward and therefore the fixed payment implies principal payments are increasing
over time, and thus this contract delivers fast deleveraging. When interest rates are lower,
agents opt for variable-variable contracts.

5.4 Monetary policy passthrough

The type of mortgage contract that is predominant in the economy has important impact on
monetary policy passthrough. Monetary policy shocks in an economy like the U.S., where
the main type of mortgage contract is a 30-year fixed rate mortgage, have very different ef-
fects than in an economy dominated by variable rate contracts. To understand the impact of
monetary policy shocks on the economy depending on the predominant type of contract we
run Jordà (2005) type regressions inside our model. We do not need to worry about using
an instrument as is standard in the empirical literature. Within our model we know ex-
actly agents’ expectations of interest rates next period and therefore computing the surprise
component, or shock, of an interest rate change is trivial:

srt ≡MP surprise
t = rt − Et−1[rt] (11)
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A positive (negative) monetary policy surprise is therefore a contractionary (expansion-
ary) shock.

To the extent that forward-guidance by the central bank impacts term premia we can also
compute the response to surprise changes in term premium – forward-guidance passthrough
– computed as below:

stpt ≡ TP surprise
t = ωt − Et−1[ωt] (12)

Following Jordà (2023) we run the following regression:

yt+h = αh + βhst + vt+h; h = 0, 1, 2, ...H (13)

where y is the outcome variable of interest (e.g. consumption), s is either a monetary policy
shock or forward-guidance shock and h is the horizon.

Panel A of Figure 5 shows cumulative consumption change due to a 1.p.p. unexpected
increase in the risk-free rate (i.e. a contractionary monetary shock). The dashed lines show
changes in consumption for economies where only one type of mortgage contract is avail-
able. The solid line shows changes in consumption when all three contracts are available.
Conventional monetary policy passthrough is strongest if there are only VV contracts in the
economy. A 1 p.p. increase in the level of the risk-free rate leads to a 1.1% decline in con-
sumption on impact. Consumption four years out still has not recovered (absent any other
shocks). This is due to the persistence of interest rates.

Conventional monetary policy passthrough is weakest in economies dominated by FF
contracts. This is intuitive - if all contracts in the economy have fixed rates, then a change in
the level of interest rates only impacts the level of payments on new mortgages or mortgages
being renewed, thus a 1 p.p. increase in the level of the risk-free rate only leads to a decline
of around 0.2% in consumption on impact (the red dashed line in Figure 5).

Economies with VF contracts lie in-between FF and VV. In these economies, an increase
in interest rate means that households with mortgages outstanding will see their payments
unchanged. However, a higher fraction of their payments will go towards interest (and a
lower fraction towards principal), which is still a negative wealth shock. Thus, consumption
declines 0.8% on impact (yellow dashed lines). Finally, an economy with the three types of
contracts (the solid blue line) behaves pretty much as an average of the three other scenarios.

Panel B of the figure shows the impact of a “forward guidance” shock, i.e. a change in
forward guidance by the central bank that impacts term premia. Consumption is unaffected
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if only contracts with variable rates are available in the economy (yellow and purple dashed
lines). This is intuitive - in economies with mainly variable rate type contracts forward
guidance has limited to no passthrough. On the other hand, in economies where only fixed
rate contracts are available, a 1 p.p. increase in term premia leads to a 0.008% decrease
in consumption. The impact is small, since when rates in the economy are fixed, many
households in the economy are unable to reset their rates.

Overall our model shows that fixed-rate mortgages deliver limited monetary policy passthrough
when compared to variable-rate mortgages. Further, conventional monetary policy has a
stronger impact than forward guidance. However, in relative terms, forward guidance has
a stronger impact on fixed-rate contracts.

6 Conclusion

We use quantitative dynamic model of borrower behavior in the presence of multiple mort-
gage type contracts. In our model households face income, interest rate risk, and term pre-
mia risk and endogenously choose between three types of mortgage contracts: a fixed-rate
fixed-payment contract, a variable-rate fixed-payment contract and a variable-rate variable-
payment. We find that endogenously all contract can coexist in equilibrium and their ex-
istence improves household welfare. We show that both macroeconomic factors, such as
interest rates and term premiums, and individual characteristics, such as wealth, leverage,
and income, play crucial roles in driving these mortgage choices.

When all three mortgage options are available, households can optimize their contract se-
lection. Our analysis reveals that economies that restrict households to a single type of mort-
gage experience notable welfare losses, ranging from 1% to 4%, depending on the prevail-
ing economic conditions. Fixed-rate mortgages, while offering payment certainty, tend to
impose higher long-term costs, especially in environments with high term premiums. Con-
versely, variable-rate mortgages provide better consumption smoothing and allow faster
deleveraging, though at the expense of higher payment volatility.

Our results have important implications for monetary policy transmission. Economies
dominated by variable-rate mortgages experience stronger and faster pass-through of in-
terest rate changes, while economies with a larger share of fixed-rate mortgages are more
sensitive to forward guidance. This highlights the need for policymakers to consider the
composition of mortgage contracts when designing monetary policies aimed at influencing
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household consumption and debt dynamics.
Overall, the availability of diverse mortgage contract options enhances household wel-

fare by allowing more efficient consumption smoothing and debt management. Limiting
these options not only leads to higher consumption volatility but also results in slower debt
reduction. Our findings underscore the importance of maintaining flexibility in mortgage
contract offerings, particularly in the face of changing economic conditions.
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Figure 1: Data vs Model

This figure plots the fraction of households choosing to originate Fixed-Fixed, Variable-Fixed,
and Variable-Variable mortgages between 2014 and 2022. In each year, we use the observed
mortgage rates and simulate the model for all other variables.
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Figure 2: Illustration of Mortgage Choice Policy Functions over Aggregate Factors

This figure shows the policy functions for mortgage type choice as continuous function of the
aggregate factors, term premium and 1-year bond rate, for four combinations of household
leverage and cash-on-hand. The top two panels show the policy functions when cash-on-
hand is low and leverage is low or high. The bottom two panels show the policy functions
when leverage is high and cash-on-hand is low or high. The green color shows when agents
leave the housing market and become renters, the blue color shows when households opt
for a fixed-rate fixed-payment (FF) mortgage, the red color shows when households opt for a
variable-rate fixed-payment (VF) mortgage and the yellow color when households opt for a
variable-rate variable-payment (VV) mortgage.
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Figure 3: Illustration of Mortgage Choice Policy Functions over Household Factors

This figure shows the policy functions for mortgage type choice as continuous function of the
household factors, leverage and cash-on-hand, for four combinations of the term premium
and 1-year bond rate. The top two panels show the policy functions when term premium
is low and interest rates are low or high. The bottom two panels show the policy functions
when term premium is high and interest rates are low or high. The green color shows when
agents leave the housing market and become renters, the blue color shows when households
opt for a fixed-rate fixed-payment (FF) mortgage, the red color shows when households opt
for a variable-rate fixed-payment (VF) mortgage and the yellow color when households opt
for a variable-rate variable-payment (VV) mortgage.
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Figure 4: Mortgage payments composition and deleveraging

The left panel of this figure shows for a given level of interest rate and term premium the
composition of payments for the three types of mortgage contracts under consideration (FF
in blue, VF in red and VV in yellow) for a household that took a mortgage of a given type
in period 0 (origination period). Each bar shows the total payments in each year of the 5-
year term. The darker areas correspond to principal payments, the lighter ones show interest
payments. The right panel shows mortgage balances outstanding at the end of the period for
the three types of mortgage. The top two panels show these effects when term premium is
low and interest rates are low/high. The bottom two panels show these effects when term
premium is high and interest rates are low/high.
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Figure 5: Impulse response functions to monetary policy shocks

This figure shows local projections à la Jordà (2005) within our model. The left panel shows
cumulative impulse response functions of consumption for a 1 p.p. increase in the risk-free
rate. The right panel shows cumulative impulse response functions to a 1 p.p. increase in
term premia. The blue line shows the effects on an economy where all contracts are available.
The dashed lines show the effects when only one contract is available.
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Table 1: Summary of Mortgage Types and Interest Rates

Mortgage Interest Payment RI Total Payment RTP

Fixed-Fixed Contract Rate Contract Rate
Variable-Fixed Market Rate Contract Rate

Variable-Variable Market Rate Market Rate

Table 2: Interest Rates

This table shows parameters governing the interest rates detailed in Sections ?? and ??. Panel
(a) contains parameters for the one period bond. Panel (b) contains parameters for the term
premium. Panel (c) contains parameters for mortgage premia.

(a) One-Period Bond (b) Term Premium
Parameter Value Parameter Value
r̄ 0.0298 ω̄ 0.0042
ρr 0.8965 ρω 0.741
σr 0.0121 σω 0.0052

(c) Mortgage Terms and Premia
Parameter Value
NM 5
ϕFF 0.015
ϕV F 0.015
ϕV V 0.015
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Table 3: Income Process Parameters

This table shows parameters governing the income process detailed in Section 3.5.1. Panel (a)
contains parameters for the deterministic components of income: the household fixed effect,
the lifecycle age profile, and the retirement replacement rate. Panel (b) contains parameters
for the unemployment shock, such as the replacement rate. Panels (c) and (d) contain parame-
ters for the persistent and transitory shocks, respectively. The income process and parameters
follow closely Guvenen et al. (2021) for the working life and Cocco et al. (2005) during retire-
ment. Over the working life, the variance of the persistent income process is scaled down to
match that in Cocco et al. (2005).

(a) Deterministic Type & Lifecycle Components (b) Unemployment Shock
Parameter Value Parameter Value
αi 0.99 λ 0.52
a0 −2.0317 aν −2.495
a1 0.3194 bν −1.037
a2 −0.0577/10 cν −5.051
a3 −0.0033/100 dν −1.087
ω 0.94

(c) Persistent Process (d) Transitory Shock
Parameter Value Parameter Value
ρ 0.991 pϵ 0.044
pz 0.176 µϵ,1 0.134
µη,1 −0.524 σϵ,1 0.762
ση,1 0.113 σϵ,2 0.055
ση,2 0.046
κη 0.470
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Table 4: Welfare Gains

This table shows the ex-ante welfare gains (losses) in consumption equivalent units for
economies with only FF mortgages available (first row), only VF mortgages available (sec-
ond row) or only VV mortgages available (third row) compared to an economy where all the
three types of mortgages are available. The first column shows the gains (losses) uncondition-
ally and the remaining columns shows them conditional on the term-premium and the level
of interest rates.

High Rf Low Rf
Unconditional High TP Low TP High TP Low TP

FF only -0.0378 -0.0690 -0.0261 -0.0393 -0.0191
VF only -0.0236 -0.0094 -0.0438 -0.0095 -0.0320
VV only -0.0335 -0.0220 -0.0560 -0.0168 -0.0396
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Table 5: Income, Consumption, Wealth and Leverage over the Life-Cycle

This table reports average income, consumption, financial wealth, and leverage over the life-cycle, for the four
scenarios under consideration. In scenario “All” households can choose any of the 3 mortgage types available
(and switch among them), in “FF” households can only choose a fixed-rate fixed-payment mortgage, in “VF”
households can only choose a variable-rate fixed-payment mortgage and in “VV” households can only choose a
variable-rate variable-payment mortgage.

Income Consumption Financial wealth Leverage
Age group All FF VF VV All FF VF VV All FF VF VV
26 - 30 100.91 41.82 40.707 41.336 41.144 191.55 192.1 193.37 194.36 249.06 249.97 249.15 249.18
31 - 35 119.38 71.263 70.302 71.377 71.359 271.21 272.98 273.1 274.38 212.71 215.73 213.41 213.36
36 - 40 134.73 89.119 88.277 89.089 89.188 300.4 302.36 301.12 302.16 168.55 172.89 169.72 169.66
41 - 45 145.35 98.139 97.385 98.008 98.023 307.69 308.93 307.93 308.62 114.46 118.68 115.6 115.54
46 - 50 150.38 105.52 104.88 105.38 105.48 305.87 306.22 305.73 306.21 47.342 49.522 47.889 47.862
51 - 55 148.98 114.29 114.14 114.17 114.27 297.37 297.33 297.12 297.3 0.000 0.000 0.000 0.000
56 - 60 141.75 109.96 109.91 109.95 109.96 304.15 304.4 304.13 304.11 0.000 0.000 0.000 0.000
61 - 65 129.31 103.12 103.09 103.11 103.12 313.92 314.15 313.93 313.89 0.000 0.000 0.000 0.000
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Table 6: Mean and volatility of consumption and mortgage payments

This table reports averages and standard deviations of consumption growth, as well as levels
of interest and total mortgage payments (in thousands) for the four scenarios under consider-
ation. The statistics reported are conditional on households having a mortgage outstanding.

All FF only VF only VV only
Av. consumption growth 0.060 0.062 0.064 0.067
Std. consumption growth 0.262 0.258 0.277 0.270
Av. interest payments 7.335 8.260 7.551 7.502
Std. interest payments 6.203 6.179 6.576 6.471
Av. total payments 17.827 18.742 18.044 17.986
Std. total payments 5.427 5.230 5.867 5.517
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Table 7: Drivers of mortgage type choice

This table reports income, income growth, consumption, standard deviation of consumption,
average financial savings and the proportion of mortgages outstanding by type of mortgage
conditional on the aggregate state of the world (levels of interest rates and term premia).

High interest rates Low interest rates
High TP Low TP High TP Low TP

Income 130.08 130.21 130.23 130.19
Income growth 0.014 0.014 0.014 0.014
Av. consumption growth 0.071 0.070 0.052 0.048
Std. consumption growth 0.296 0.281 0.234 0.227
Savings 183.71 183.18 169.84 168.14
Mtg. type proportion:

Fixed-fixed 0.145 0.425 0.165 0.446
Variable-fixed 0.471 0.310 0.387 0.251
Variable-variable 0.384 0.265 0.448 0.303
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Table 8: Mortgage type choice - additional statistics

This table reports average income, savings, leverage, debt-to-income, standard deviation of
mortgage payments and average levels of risk-free rate and term premium conditional on the
mortgage type the household has outstanding in an economy where all mortgage types are
available to choose from. The first column shows these statistics conditional on the household
having a FF mortgage outstanding, the second column shows the statistics conditional on a
VF mortgage outstanding, and the last column shows them conditional on a VV mortgage
outstanding.

FF VF VV
Av. income 122.400 131.420 135.510
Av. savings 163.480 177.070 186.320
Av. leverage 175.350 152.300 150.660
Debt-to-income 1.967 1.641 1.545
Std. total mortgage payments 0.192 0.210 0.212
Std. total interest payments 0.022 0.028 0.028
Risk-free rate 0.029 0.034 0.028
Term-premia -0.000 0.006 0.006
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A Preference heterogeneity

Table A1 shows mortgage choice statistics for different preference parameters. Panel A of the
table shows the heterogeneity in choices for different calibrations of the subjective discount
factor β. The lower β is, the more myopic our agents are, thus they consume more early on in
life and have lower consumption growth and lower savings, on average. These agents also
prefer fixed-rate fixed-payment mortgages (the fraction of FF mortgages increases monoton-
ically with the subjective discount factor). More myopic agents prefer less of both variable-
fixed and variable-variable mortgages.

Panel B of the table shows the same statistics for different calibrations of the risk-aversion
parameter. The more risk-averse agents are, the more they want to smooth consumption
over different states of the world. Naturally, more risk-averse agents prefer mortgages with
payments fixed across different states of the world. However, perhaps surprisingly, in the
model more risk-averse prefer mortgages with variable-rate fixed payments and not neces-
sarily mortgages with fixed-payments and fixed-rates. When γ = 5, the share of VF mort-
gages outstanding is on average 34.4% (28.8% for FF mortgages outstanding). When γ = 15

the proportion of VF mortgages outstanding increases to 38.7%, whereas the proportion of
FF mortgages decreases to 26.8%. This is mainly driven by the fact that agents dislike states
of the world where interest rates and term premia are high. In these states of the world,
the fastest deleveraging is achieved with VF mortgages and this is precisely the state of the
world when agents want to deleverage.

Panel C of the table shows robustness of the results with respect to the elasticity of in-
tertemporal substitution (EIS) parameter ψ. When agents have a lower EIS, they are less will-
ing to substitute consumption across time. Thus FF mortgages dominate for lower values of
EIS. When EIS is low (ψ = 0.6) the average proportion of FF mortgages outstanding is 29.2%,
when EIS is high (ψ = 0.9) this proportion decreases to 28.2%. On the other hand, the pro-
portion of VV mortgages outstanding shows the opposite pattern: 34.9% of VV mortgages
outstanding when EIS is low, which contrasts with 37.1% when EIS is high. A higher EIS,
means higher willingness of households to substitute consumption over time, and therefore
more willingness to take on interest rate risk with a VV mortgage.
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Table A1: Preference Heterogeneity

This table shows average consumption growth, standard deviation of consumption growth,
average savings and proportion of mortgages outstanding by type of contract for different
preference parameters. Panel A shows the results for subjective discount factor, panel B for
risk aversion and panel C for the elasticity of intertemporal subsitution. The middle column
in all the panels is our baseline specification.

Panel A: Different subjective discount factors
β = 0.93 β = 0.95 β = 0.97

Av. consumption growth 0.044 0.045 0.048
Std. consumption growth 0.231 0.232 0.238
Savings 163.053 172.087 183.206
Mtg. type proportion:

Fixed-fixed 0.295 0.278 0.255
Variable-fixed 0.359 0.360 0.365
Variable-variable 0.346 0.361 0.380

Panel B: Different degrees of risk aversion
γ = 5 γ = 10 γ = 15

Av. consumption growth 0.033 0.045 0.067
Std. consumption growth 0.243 0.232 0.296
Savings 129.284 172.087 194.079
Mtg. type proportion:

Fixed-fixed 0.288 0.278 0.268
Variable-fixed 0.344 0.360 0.387
Variable-variable 0.367 0.361 0.345

Panel C: Different degrees of intertemporal substitution
ψ = 0.6 ψ = 0.75 ψ = 0.9

Av. consumption growth 0.045 0.045 0.044
Std. consumption growth 0.227 0.232 0.243
Savings 183.530 172.090 164.350
Mtg. type proportion:

Fixed-fixed 0.292 0.278 0.282
Variable-fixed 0.359 0.360 0.347
Variable-variable 0.349 0.361 0.37144



Figure A1: Mortgage premia and mortgage rates

This figure plots average mortgage premia and mortgage rates in Canada between Q1 2014
and Q4 2023. Panel A plots mortgage premia for FF, VF, and VV mortgages. Mortgage premia
for FF mortgages is the difference between the FF mortgage rate and the 5-year Canadian gov-
ernment bond yield (GOC5). Mortgage premia for VF and VV mortgages are the difference
between the mortgage rate and the 1-year Canadian government bond yield (GOC1). Panel B
of this figures plots the average mortgage rates for FF, VF and VV contracts.
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