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Abstract

Most rental housing is supplied by amateur households, rather than professionally run

businesses, yet little is known about what motivates individuals to invest in this sector.

I examine the hypothesis that households invest in this asset class because mortgages

allow for high leverage that is not subject to margin calls. To do this, I model portfolio

allocation between rental properties and stocks for investors with future expected

labor income, and allow for both mortgage and stock-margin leverage. My analysis

demonstrates that rental properties partially crowd out stock ownership for young

investors, who are attracted to the high leverage available with mortgages. The model

results show that initial wealth has a non-monotonic effect on the amount of rental

housing purchased, because rental-property ownership is most attractive at medium

values of wealth, which are high enough to afford the smallest possible property without

taking on too much risk and low enough that future income makes leverage highly

desirable. In addition, I analyze how the results change depending on the availability of

leveraged stock investment, the rental yield of the property, and the riskiness of labor

income.
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[The businessman] can look forward to

a high salary in the future; and with so

high a present discounted value of

wealth, it is only prudent for him to put

more into common stocks compared to

his present tangible wealth, borrowing

if necessary for the purpose[.]

Samuelson (1969)

In his seminal paper on lifetime portfolio selection, Samuelson (1969) argues that the

conventional wisdom that a businessman should take greater risk in his investments than a

widow or retiree because of his longer time horizon is misguided. This is because multiplying

the same kind of independent risk many times increases risk rather than cancelling it out,

and thus stocks are riskier when they are held longer. However, Samuelson also argues that

the businessman’s greater anticipated future income justifies holding more stocks, borrowing

if necessary. In the limiting case with certain future income, this income can be regarded

as an implicit bond holding, and thus the businessman will usually be overweight in bonds

relative to his optimal portfolio choice unless he borrows, even if that optimal allocation is

the same as that of the widow. What if there were a way to implement this idea and diversify

risk across time, without the limitations of leveraged investment in stocks that have made it

unpopular for long-term investment? In this paper, I explore the use of leveraged investment

in rental properties for this purpose. I show that, because investors with a large expected

income can anticipate future savings, leveraging investments in rental properties over time

can allow them to bring their holding of risky assets closer to the liquidity-unconstrained

optimum.

Ayres and Nalebuff (2008, 2010) have examined and recommended the use by young people

of leveraged investment in stock indices, for the same reasons as Samuelson, and discussed
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leveraged exchange-traded funds, stocks in a margin account, futures, and deep-in-the-money

call options as potential ways to do so. They suggested using wealth inclusive of expected

discounted future savings as the base and investing a fixed share of that wealth, determined

by risk aversion.1 Despite their endorsement, however, leveraged investment in stocks remains

a niche endeavor: about 0.25% of U.S. individuals held margin loans in 2019 (Board of

Governors of the Federal Reserve System 2019). Leveraged investment in real estate, by

contrast, is much more popular. 6.9% of U.S. taxpayers reported individual rental income

in 2019 (Internal Revenue Service 2021), many of whom likely financed the property with a

mortgage. In Canada, 7.9% of individual taxpayers reported rental income in 2020, which

has increased since 2008 when it was 7.0% (Statistics Canada 2022). Furthermore, 19% of

mortgaged house purchases in Canada between 2014 and 2021 were made by investors who

already had another mortgage (Khan and Xu 2022), indicating that purchases of investment

properties make up a significant share of the mortgage market. A central aim of this paper is

to explain why leveraged real-estate investment is so much more popular among households

than leveraged stock investment.

Mortgages differ from the stock-brokerage-based borrowing methods considered by Ayres

and Nalebuff in several ways. Unlike these methods, mortgages take into account the

borrower’s income, debts, and credit history to determine the loan amount and terms. This

allows qualifying investors to borrow more than they could through other methods, such as

buying stock on margin. Mortgages typically require an initial down payment of 20%, as

opposed to 50% for margin investing. Furthermore, mortgages can go underwater, meaning

that the amount outstanding on the loan can exceed the value of the property, as long as

1. The authors provide an alternative intuition for leveraging, emphasizing improved diversification across
time for a fixed level of lifetime risk. This is because one can achieve lower risk by investing $2 in each of
three periods than by investing $1, $2 and $3 in each period, although the total expected return is the same.
Assuming that the returns rt in each period t are i.i.d., and that there is no compounding across periods,
then the return to the first strategy is E(rt)(2 + 2 + 2) = 6E(rt) while the return to the second strategy is
E(rt)(1 + 2 + 3) = 6E(rt). Meanwhile, the variance of the first strategy, 3Var(2rt) = 12Var(rt), is less than
that of the second strategy, which is Var(rt) + Var(2rt) + Var(3rt) = 14Var(rt).
While this helps illustrate the logic of time diversification, note that in a simple model of maximizing

CRRA utility of final wealth, adding access to leverage will not usually result in the total risk’s being held
constant.
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payments are being made, whereas margin-based methods never allow for a negative-equity

position in the account. They instead impose a “maintenance-margin” constraint that must

be satisfied at all times, liquidating the position if it is not. This means that mortgages

can effectively allow greater leverage to be maintained in drawdowns compared to margin

investing.

Because mortgage borrowing can only be used to purchase individual properties, whether

access to leveraged investment in real estate is welfare-enhancing will naturally depend on

the return and risk to holding individual real estate properties and how they compare to

stock indices. One influential recent paper examines the total return to equity, housing,

bonds and bills in 16 advanced economies between 1870 and 2015, and finds that residential

real estate has similar average real returns but lower volatility compared to equities (Jordà

et al. 2019). They show that while capital gains on residential properties tend to exceed

inflation only slightly, the actual or imputed rents account for the rest of the significant risk

premium. This explains why their results are not at odds with economists’ conventional

wisdom that real capital gains on U.S. real estate are low compared to equities: whereas

the well-known Shiller U.S. house price index has geometric-average real returns of 0.56%

per year, Jordà et al. (2019)’s dataset implies a similar real capital gain of 0.61% over the

same period, alongside a rental yield of 5.32%, so rental yields make up the majority of the

historical total return in the U.S. (IA25).

As opposed to investing in a stock index, investing in a particular rental property also

carries undiversifiable risk, both between locations and between ex-ante-comparable houses in

the same location. Giacoletti (2021) finds that this idiosyncratic risk affects the risk-adjusted

return of housing to a lesser extent the greater the holding period is, i.e., it does not follow

a random walk on an annualized basis. He establishes this using a proprietary CoreLogic

dataset of property deeds of single-family residences in California between 1996 and 2018.

Amaral et al. (2021) extend this analysis to a larger CoreLogic dataset covering many U.S.
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metropolitan areas, and find similar results.2 Jordà, Schularick, and Taylor (2019) find

that even when accounting for this idiosyncratic risk, housing still has historical returns

comparable to equities with lower risk, which they call a new risk premium puzzle. This

recent literature on aggregate returns and idiosyncratic risk justifies my exploration of real

estate as an attractive investment even before leverage is taken into account.

The analysis in this paper focuses on rental properties rather than owner-occupied

properties. It is true that most households will be best off buying a house to live in before

they buy any rental housing, for a few reasons. First, because the rent savings from living in

a house one owns are usually not taxed, whereas income from a rental property is taxed, it

would be tax-inefficient to rent out one property and pay rent for another. Second, renting

involves moral hazard from unobservable tenant behavior, which increases the cost of renting

relative to owning. Third, capital gains on owner-occupied housing are partially tax-exempt

in the U.S. However, these reasons do not mean it is beneficial to buy the largest house

possible: if someone buys a bigger house than they would otherwise like in order to have

greater expected capital gains, they will be missing out on rental income, or on greater returns

from investing the difference in the stock market. This is because a significant portion of

housing returns are rents; the total unlevered returns (capital gains plus dividends or rents)

to stocks and housing are comparable, but housing’s capital gains alone cannot match stocks’

total return. My paper therefore focuses on modeling the allocation of funds left over after

potentially buying owner-occupied housing–that is, funds devoted solely to investment. This

is in light of the fact that comprehensive models of the joint choice of stock ownership and

owner-occupied housing ownership already exist, such as those of Yao and Zhang (2005a,

2005b) and Cocco (2005), to which my paper can be seen as complementary.3

In this paper, I develop a model of portfolio allocation between mortgaged rental-property

2. They additionally show the idiosyncratic component to be decreasing in metropolitan-area size (Amaral
et al. 2021, 33–34). They also study the cross-section of regional average returns, showing that smaller cities
have higher total returns than larger cities, but also higher risk, such that the overall Sharpe ratios are
similar.

3. I discuss the separability of investment-portfolio choice from owner-occupied housing in Subsection 5.3.
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investment and stock investment by investors with future labor income. I model the fact that

stock investment on margin is subject to margin calls, while mortgages are not. Furthermore,

while Ayres and Nalebuff’s analysis assumed away risk in labor income, I generalize labor

income to be stochastic. Welfare is evaluated in terms of isoelastic utility of final wealth.

I calibrate the model with empirical parameter estimates, assuming conservatively that

housing has the same risk and return as stocks rather than the similar return and lower risk

documented by Jordà et al. (2019) and Jordà, Schularick, and Taylor (2019). I show that

an investor with a typical income level must have over two years’ worth of labor income

saved for it to be optimal to purchase rental housing, at which point they buy a property

worth 1.2 times their wealth, with a down payment of 70%. I also report the model solution

for all relevant values of the wealth-to-income ratio, and analyze how the results change

depending on the presence of a minimum-house-size constraint, the availability of leveraged

stock investment, the rental yield of the property, and the riskiness of labor income. I also

report model results for a number of changes to the calibration assumptions.

My analysis identifies the initial ratio of wealth to income as a key determinant of whether

the household purchases a rental property. Since I model the fact that there is a minimum

house value, rental-property ownership is not feasible for very small values of initial wealth,

even with the lowest possible down payment. There is modest crowding-in from the minimum-

house-size constraint: for medium values of initial wealth, households buy slightly more

housing than they would if not for the constraint. However, there are also values of initial

wealth for which households can afford to buy a rental property, but do not do so. Intuitively,

this is because the house they would buy if there was no minimum-house-size constraint is

much smaller than the house they are able to buy, such that the risk they would have to take

on in order to buy a property is too high to be desirable. Hence, my model results show

that rental-property ownership is most attractive at medium values of wealth, which are high

enough to afford the smallest possible property without taking on too much risk and low

enough that future income makes leverage highly desirable.
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While households use a down payment of at least 70% in my baseline calibration, I also

examine how investor heterogeneity may result in the higher levels of mortgage leverage

that some real-world investors employ. I first document the interaction between household

income and the minimum-house-size constraint. Whereas my baseline case sets household

income to the U.S. median, higher incomes relax the minimum-house-size constraint for given

values of the wealth-to-income ratio. For instance, with a household income of $375,000,

households first purchase housing at the low wealth-to-income ratio of 0.16. They nearly

maximize their leverage, taking out a 20% down payment on a house worth 4 times their

wealth. Drawing upon empirical evidence that the top income quintile saves at higher rates,

I show that higher rates of anticipated saving out of future income also lead to higher levels

of housing investment and mortgage leverage. Therefore, in addition to finding a role for

leveraged rental-property investing in the typical investor’s portfolio with a relatively high

down payment, my model predicts that higher household incomes or higher savings rates can

lead to lower down-payment ratios, including some at the 20% lower bound.

My paper contributes to several literatures. First, I add to the literature on life-cycle

portfolio choice, which has so far focused on leveraged investment in owner-occupied housing

(Yao and Zhang 2005a, 2005b; Cocco 2005) and in stocks (Ayres and Nalebuff 2008, 2010),

by introducing the option to invest in a rental property using a mortgage that isn’t subject

to margin calls. This has several potential consequences. First, commentators on leveraged

stock investing tend to see it as idiosyncratic and unusual.4 My model demonstrates that a

sizeable number of investors may already be pursuing time diversification, only in a different

form than stock investment. Indeed, this could help explain why most Americans think a

rental property is a better investment than stocks (Haughwout 2021). Second, since my

model’s investment choices nest those of Ayres and Nalebuff (2008, 2010), while allowing for

greater leverage through mortgages and for diversification through housing investment, the

strategy that solves my model is welfare-improving relative to the strategies they consider.

4. For instance, Tabarrok (2022) commented that “most people won’t do this because unlike a home-
mortgage it’s a non-standard idea.”
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My paper can also be seen as a model of rental supply, and in particular of the behavior

of small-scale or amateur landlords. Despite the fact that households supply the majority of

rental housing (Shroder 2001, 1070), little is known about these amateur landlords, whether

theoretically or empirically. Plaut and Plaut (2013, 121–123) provide a review of this small

literature to which my paper contributes. To my knowledge, this is the first economic model

to consider leverage opportunities as an explanation for the involvement of amateurs in the

supply of rental housing.

The paper is organized as follows. Section 1 sets up the model. Section 2 describes the

calibration of the model parameters to match real-world conditions. Section 3 describes my

solution method. Section 4 reports the results. Section 5 discusses the implications and

limitations of the model and of its results. Section 6 concludes.

1 Model

I now detail the theoretical model under which households invest. In terms of its theoretical

setup, the paper most closely related to mine is Yao and Zhang (2005b), which models

consumption and portfolio choice in the presence of a mortgage without maintenance margin,

of future labor income and of the option to invest in stocks. My paper’s setup differs from

theirs in a few important ways. First, while they consider utility derived from ordinary

consumption and housing services in the context of owner-occupied housing, I focus on

rental properties, which has the benefit of allowing the investor to receive and save rental

income rather than only being able to directly consume the housing services provided by the

house. Second, I consider leverage in stocks, which they rule out. Third, whereas they model

intertemporal utility from consumption, my model focuses on utility from final wealth, with

a constant savings rate in the other periods. This matches the assumption from Ayres and

Nalebuff’s work, and has the appeal of making the consumption-savings choice exogenous,

although it is a restrictive assumption (Ayres and Nalebuff 2008, 3). Because the ability to
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continue holding a mortgage while its value exceeds that of the home is central to my model,

the setup also bears similarity to models focusing on mortgage default, such as Campbell

and Cocco (2015) and Chen, Michaux, and Roussanov (2020), although those papers do not

consider portfolio choice between stocks and housing.

The flow of time in the model is as follows. There are T periods, t = 0, 1, . . . , T − 1.

Each period has a beginning, middle and end. Variables without a superscript relate to the

beginning of the period (e.g., St), whereas those with the superscripts “mid” and “end” relate

to the middle and end of the period (e.g., Smid
t ).

At the beginning of each period, the household chooses their portfolio. In the middle of

the period, the returns on the chosen risky assets are realized, and the household’s liquid

wealth is calculated after receiving rental income and labor income and after making the

mortgage payment. At the end of the period, the household is subject to foreclosure or

default if their middle-of-period liquid wealth was negative. Each period’s end-of-period

wealth becomes the following period’s beginning-of-period wealth.

1.1 The house-purchase decision

At time 0, the household is endowed with wealth W0 and makes a choice about the amount

H0 of housing to purchase. They can choose not to purchase housing (H0 = 0), but if they

purchase a nonzero amount of housing, then they must purchase a minimum of H0 (housing

is lumpy).5

The household may finance their housing purchase by taking out a mortgage in the amount

of M0 ≥ 0. The amount of housing the household can purchase is limited by a minimum

down-payment ratio α, so 1− M0

H0
≥ α (or equivalently, M0 ≤ (1−α)H0); the remainder must

be financed out of existing wealth, so H0 −M0 ≤ W0.
6 Combining these two conditions, we

5. In particular, the type of housing that can be purchased with a mortgage (an individual rental property)
is lumpy. I discuss real-estate investment trusts (REITs), shares of which could be purchased in very small
increments, in Subsection 5.6.

6. One could also have assumed that there is a maximum mortgage payment β, such that we must
have P0 ≤ β, to model loan-to-income and other credit qualifications based on the household’s particular
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see that the maximum house value the household can afford is given by H0 ≤ W0

α
.

In the middle of each period t ∈ {0, . . . , T − 1}, there is a payment due on the mortgage.

I model a fixed-rate mortgage (FRM) since it is the predominant mortgage type in the U.S.

The real interest rate rFRM is constant for all periods, and so is inflation π. The payments

Pmid
t are calculated to have the same nominal value in all periods, as is the case in practice,

and are given in real terms by a modified annuity formula: Pmid
t = M0×iFRM

(1−(1+iFRM)−T )(1+π)t
, where

iFRM = (1 + rFRM)(1 + π)− 1.

In the middle of each period t ∈ {0, . . . , T − 1}, the house yields a rent yHmid
t , where y is

a constant rental yield. This rental income is assumed to be net of property taxes and routine

maintenance costs. This assumption of a constant rental yield is in line with the rent-or-own

model of Yao and Zhang (2005a, 201), and is reasonable empirically: the standard deviation

of the rental yield has historically been low, at 0.8% in the U.S. according to the database by

Jordà et al. (2019). Like Giacoletti (2021), I ignore the additional property-level yield risk

investigated empirically by Eichholtz et al. (2021).

The house is held until retirement at the end of period T − 1.7

1.2 The choice of positions in the brokerage account

At each time t ∈ {0, . . . , T − 1}, the household can take a position in cash Zt and stocks

St. The household may not take a short position in stocks: St ≥ 0. They can take a short

position in the first asset, cash, but are limited by a maintenance-margin constraint that

holds in every period: 1 + Zt

St
≥ gm (or equivalently, Zt ≥ (gm − 1)St).

In practice, margin lending typically also involves an initial-margin requirement, at a

higher rate.8 As in Willen and Kubler (2006), I only consider the maintenance-margin

characteristics as of time 0. I do not develop that here, and it is not included in models such as Cocco (2005)
and Yao and Zhang (2005a). Some examples of papers including a loan-to-income constraint are Campbell
and Cocco (2015) and Chen, Michaux, and Roussanov (2020), which focus on mortgage default.

7. I discuss this assumption in Subsection 5.2.
8. If we defined a required initial-margin ratio gi, we could require that when St > Smid

t−1 for t ≥ 1, or when

t = 0, we must have 1 + Zt

St
≥ gi.
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requirement.

1.3 Labor-income and risky-asset processes

I assume that the asset returns on stocks and housing, as well as the evolution of labor

income, follow these respective LogNormal distributions:

Rs,t ∼ LogNormal(µs −
1

2
σ2
s , σ

2
s ) (1)

Rh,t ∼ LogNormal(µh −
1

2
σ2
h, σ

2
h) (2)

Ry,t ∼ LogNormal(µy −
1

2
σ2
y, σ

2
y). (3)

for each time t, where the µ’s are the means of the simple returns rather than the log returns.

Furthermore, I assume that ρs,h ≡ Corr(logRs,t, logRh,t), ρs,y ≡ Corr(logRs,t, logRy,t) and

ρh,y ≡ Corr(logRh,t, logRy,t) for all t, thereby parametrizing the within-period correlation of

the logarithms of the different processes. Also, random variables are assumed to always be

independent across periods.

The assumption of LogNormal and time-independent returns for stocks and housing is

widespread in the portfolio-choice literature (Cocco 2005; Yao and Zhang 2005a). However, it

is common in the literature to model the mean of the income process as age-dependent, and

to allow for transitory shocks to income rather than only permanent ones (Cocco, Gomes, and

Maenhout 2005). I omit those elements for simplicity, following Tan (2013) and Giacoletti

(2021).

1.4 The household’s flow budget constraint

The household chooses the allocation to cash, stocks, housing and mortgage at the beginning

of period 0 under the following budget constraint:

Z0 + S0 +H0 −M0 = W0. (4)
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In later periods, holdings of stocks and cash are chosen at the beginning of each period

t ∈ {1, . . . , T − 1}, with a total equal to the previous period’s end-of-period liquid wealth.

Also, the housing at the beginning of the period will be the same as that at the end of the

previous period. Therefore, the flow budget constraints at time t are:

Zt + St = Lt = Lend
t−1 (5)

Ht = Hend
t−1, (6)

where Lend
t−1 and Hend

t−1 are determined by the middle-of-period and end-of-period processes

described below.

In the middle of each period t ∈ {0, . . . , T − 1}, after the household has made the choices

relevant to that period, the following random variables are realized:

Smid
t = Rs,tSt (7)

Hmid
t = Rh,tHt (8)

Y mid
t = Ry,tYt, (9)

where Yt = Y mid
t−1 if t > 0 (so that the Ry,t’s are permanent shocks to income), and where Y0

is an exogenous parameter.

At this same time, the household receives labor income Y mid
t , of which they save a constant

share Γ. The household also receives rental income yHmid
t , as mentioned earlier. The interest

rate on the household’s cash is rf or rm (where the “m” refers to margin), depending on

whether the cash balance is positive or negative. We have that for t ∈ {0, . . . , T − 1}, the

liquid wealth at the middle of period t is

Lmid
t = Smid

t + yHmid
t + (1 + rf)ZtI(Zt > 0) + (1 + rm)ZtI(Zt < 0) + ΓY mid

t − Pmid
t , (10)

where I is the indicator function.

If Lmid
t ≥ 0 for t ∈ {0, . . . , T − 1}, then Lend

t = Lmid
t and Hend

t = Hmid
t . Otherwise, if

Lmid
t < 0 for t ∈ {0, . . . , T − 1}, then the household cannot make their mortgage payment
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even if they sell all their stocks and use all cash. In this case, the house is foreclosed at value

(1 − η)Ht, where η represents a foreclosure penalty proportional to the price of the house.

The end-of-period liquid wealth at time t is then:

Lend
t =


Lmid
t + (1− η)Ht −Mt if Lmid

t + (1− η)Ht −Mt > 0

νYt otherwise,

(11)

where Mt is the balance of the mortgage, and in that case Hend
t = 0, and the position in

housing will remain zero for all future periods. Therefore, the lender may seize the borrower’s

financial assets at the time of default, but does not have a claim to their future labor income.9

These same mortgage terms are also studied in Campbell and Cocco (2015, 1506) in an

extension to their main model.

The parameter ν is a fraction of current labor income that is accessible in case of default

and is useful for avoiding evaluation of the utility function at zero or negative values. A

similar component is used in Campbell and Cocco (2015), where it is motivated as resulting

from social insurance.

1.5 The overall optimization problem

The household’s optimization problem involves choosing a housing amount H0, a mortgage

amount M0, and an initial asset allocation {S0, Z0} at time 0. At each future time t ∈

{1, . . . , T − 1}, they will also choose asset allocation {St, Zt} under the constraint generated

by the income and returns realized up to that time. The household knows the distributions

of stochastic processes generating {Rs,t, Rh,t, Ry,t}T−1
t=0 .

They choose these housing and other risky-asset allocations to maximize expected utility

over final wealth, which we write as E[U(Lend
T−1 +Hend

T−1)], since the house is assumed to be

9. Laws on recourse against the borrower in the case of mortgage default vary across U.S. states. Broadly,
mortgages can be “recourse” or “non-recourse”, as summarized in Campbell and Cocco (2015, 1505–1506).
Upon default on a non-recourse mortgage, the lender has no recourse beyond seizing the house itself. The
situation modeled here is equivalent to a recourse mortgage with a subsequent bankruptcy that erases the
residual claim to future labor income.
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sold at the end of period T − 1. They make those choices subject to the period constraints

outlined in previous sections. I assume that utility is given by the isoelastic utility function,

as is standard in the literature on life-cycle portfolio choice: U(w) = w1−χ

1−χ
for some coefficient

of relative risk aversion (CRRA), χ, such that χ > 0 and χ ̸= 1.

2 Calibration

I now turn to the calibration of the model parameters to match the practical situation studied

in this paper. These are summarized in Table 1, at the end of the section.

First off, I set T = 30, interpreted as years, since this is both a reasonable timeline to

save for retirement and is also the most common maturity for a fixed-rate mortgage. The

period length of one year is useful to limit the computational complexity and is in line with

the literature.10 However, this is a simplification because in practice, a mortgage could be

foreclosed after missing payments for less than a full year, and because households may be

willing to rebalance stock holdings more often than once a year. A horizon of 30 years is also

used in Campbell and Cocco (2003). It is worth noting that the average age of rental-property

buyers is higher than this would imply, being 44 to 51 years old according to a Canadian

study (Teranet 2022).

2.1 Labor income and risky-asset processes

I set the risk premium for equities, Rs,t − (1 + rf), to have a mean of 6.1% and a standard

deviation of 16.7%, as to match the arithmetic mean and the standard deviation of the

historical risk premium of the world stock index between 1900 and 2015 (Dimson, Marsh,

and Staunton 2006), with dividends reinvested.

While it was preferable to fix the mean stock returns according to Dimson, Marsh, and

Staunton (2006) because they provide a market-cap-weighted world index return, the database

10. For instance, Campbell and Cocco (2003, 1464) use a period length of 2 years for computational
tractability.
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by Jordà et al. (2019) provides information about the relationship between stocks and housing

returns: when weighting equally across countries, their total real returns averaged 6.66% and

6.74%, respectively, for the same 1900–2015 period.11 This justifies setting the total risk

premium for housing to have the same mean as that of stocks.

The corresponding standard deviations from Jordà et al. (2019) are 23.84% and 10.40%.

However, as explained earlier, that standard deviation is not inclusive of idiosyncratic risk.

Giacoletti (2021) finds idiosyncratic risk to make up 44% of the variance for the longest

holding period studied. Under the assumption that the same relationship holds outside that

paper’s California sample, the 10.40% index standard deviation would correspond to a 13.96%

total standard deviation for housing, which is still much lower than the 23.84% standard

deviation of stocks from Jordà et al. (2019).

Giacoletti’s definition of idiosyncratic risk pertains only to variance across similar houses

within a ZIP code, but an investor buying a house for investment will care just as much about

the ZIP-code-level variability not encompassed in index returns. However, my own analysis

of raw data kindly provided to me by Giacoletti shows that ZIP-code-level variation only

adds about 0.2% in standard deviation for his dataset, thus not closing the gap in variance

with stocks.

Despite this, I assume that housing is not less risky than the similarly-performing stock

market in the baseline case, as to make my model’s assessment of housing as an investment

more conservative, and instead report the results for the Jordà et al. (2019) parameter

values as an alternative scenario in Subsection 4.6. I set the total risk premium for housing,

Rh,t(1 + y) − (1 + rf), to have the same mean and standard deviation as equities, fixing

y = 5% to correspond to the mean rental yield in the U.S. between 1900 and 2015, which

was 5.04% according to the database by Jordà et al. (2019). Also, the correlation between

the log returns to stocks and to housing in a given period is set to ρs,h = 0.2, also from my

own calculations using the Jordà et al. (2019) database. This happens to match Yao and

11. My replication package for this paper contains code for performing this calculation and other similar
ones, either using the Jordà et al. (2019) database or using the data from Giacoletti (2021) mentioned below.
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Zhang (2005a, 207). I set the correlation in logs between stock returns and labor-income

evolution to ρs,y = 0, as estimated by Yao and Zhang (2005a, 207), and that between housing

returns and labor-income evolution to ρh,y = 0.2, following Yao and Zhang (2005a, 207) and

Campbell and Cocco (2015, 1514). I also consider alternative values for these correlations in

Subsection 4.6.

Meanwhile, the labor-income process Rs,t is parametrized to have a mean of 3% and

a standard deviation of 15% in the baseline case (Tan 2013, 65). Note that the mean

labor-income growth over the life-cycle reflects not only aggregate productivity growth but

also the fact that older workers earn higher incomes.

2.2 Borrowing conditions

The real risk-free rate rf is set to 1.25%, as to match the average U.S. Treasury bill real

rate between 1900 and 2015, and the inflation rate π is set to 3% to match U.S. CPI growth

over that period, where both values are calculated from the database by Jordà et al. (2019).

Meanwhile, the mortgage risk premium, rFRM− rf , is set to 2%. As explained by Cocco (2005,

547), real-life fixed-rate mortgages involve the acquisition of an option on future inflation and

on future real interest rates, which is not captured in a model like this one where inflation

and real interest rates are deterministic. He sets the mortgage risk premium to 2% rather

than its historical average of 3% to adjust for this option value.

I set the minimum down-payment ratio α to 20%, since this is the minimum required

for a conventional mortgage not to require private mortgage insurance. Investment-property

mortgages generally require higher down-payment ratios than mortgages on owner-occupied

properties: for instance, Fannie Mae requires a minimum 15% down payment for a mortgage

to be eligible for delivery to it in the case of a one-unit property, as opposed to a minimum

3% down payment for an owner-occupied property (Fannie Mae 2022, 2).

The penalty for foreclosure, η, is set at 15% following Yao and Zhang (2005b, 14).12

12. But see also Campbell, Giglio, and Pathak (2011), who find a higher average value loss of 27% upon
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Meanwhile, the baseline proportion of wealth to labor income granted upon default, ν, is set

to 0.02 following Campbell and Cocco (2015); this calibration aims to make defaults very

unlikely under the optimal strategy in the model, rather than to match empirical default

rates, since I am not focused on strategic default.

I disable margin lending in the baseline case, since it is little used by the general public.

However, I consider its effect in a separate analysis in Subsection 4.3. In that case, I set the

parameters to match conditions currently offered by Interactive Brokers, which offers much

better terms than other U.S. brokerages, as noted by Ayres and Nalebuff (2010, 167). The

margin rate rm is then set to equal the risk-free rate plus 1.5%, which matches the spread

currently offered by Interactive Brokers on the first $100,000 (Interactive Brokers, n.d.). Due

to the Federal Reserve’s Regulation T, U.S. brokers, including Interactive Brokers, usually

require a maintenance-margin ratio of 25% and an initial-margin ratio of 50%. Those are

the leverage ratios that must be satisfied at all times and when the funds are first borrowed,

respectively. Since I only model maintenance margin, I set this ratio gm to 50% to ensure that

both constraints are satisfied, and to follow Ayres and Nalebuff (2008, 2010) who recommend

rebalancing to a 50% ratio.13

2.3 Household preferences and resources

Having calibrated the parameters pertaining to the external environment applying to all

investors, I now discuss the parameters that could vary across investors, but which I calibrate

for the median investor in the baseline case.

The savings rate is set to Γ = 6%, as to correspond to the most common rate of 401(k)

contributions in the U.S. (Miller 2022).

I calibrate risk aversion by solving the model while disallowing housing, setting the savings

rate to 0 and setting T = 1. In such a setting, χ = 4 leads to about 60% of investment in

foreclosure.
13. Willen and Kubler (2006) also only model maintenance margin, yet they use a maintenance-margin

ratio of 25% to account for the fact that other products such as futures allow for greater initial leverage than
Regulation T margin. Using a maintenance-margin ratio of 25% makes no qualitative difference in my results.
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stocks, with the rest in cash, reflecting the share of stock investment near retirement in many

mutual funds targeting a certain retirement date, such as Vanguard’s. Therefore, I set it to

that value for the baseline case. This coefficient is also in the theoretically plausible range of

2 to 10 (Tan 2013, 65).

By the nature of the CRRA utility function, choices in the model are mostly invariant to

the level of Y0, as long as W0

Y0
is fixed. There is only one exception: the minimum house size

H0 induces a dependence on the level of Y0, since it is a feature of the environment that is

not inherently related to the household’s income. In other words, for a given fraction of labor

income in initial savings, the minimum house size will be less likely to bind for a household

with a higher income. Since the median household income for those aged 25 to 34 years

old was around $75,000 in 2021 (Statista Research Department 2022), I set Y0 = $75,000.

Furthermore, I set the minimum house value to $225,000, so it is equal to three times annual

income in the baseline case. By contrast, Cocco (2005) uses a much lower minimum house

value of $20,000 (in 1992 dollars), citing survey evidence that some reported house values are

that low (545). I make a more conservative assumption since it might be harder to rent out

properties that are particularly low-valued compared to others in the same geographical area.

Furthermore, such low-valued houses might only exist in certain locations such as cities in

decline, where housing value is lower than the cost of new construction (Glaeser and Gyourko

2005), making them impractical for most investors to administer since it is easier to oversee a

rental property near one’s residence (Levy 2022).

I vary the ratio W0

Y0
of initial wealth to initial labor income in most of my results, and

otherwise specify if I am fixing it for the purpose of a particular analysis. I focus on values

ranging between 10−1 and 101, representing the range between just over a month’s income

and ten years’ income. For comparison, a study of Swedish households showed the 10th and

90th percentiles of the wealth-to-income ratio to be 0.87 and 9.25 (Calvet et al. 2022, 25).
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Variable name Description Value Source

T Number of periods 30 See text
χ Coefficient of relative risk

aversion (CRRA)
4 See text

Γ Savings rate 6% Miller (2022)
rf Real risk-free rate 1.25% Jordà et al. (2019)
E(Rs,t)− (1 + rf) Mean real risk premium of

stocks
6.1%, ∀t Dimson, Marsh, and

Staunton (2006)√
Var(Rs,t) Standard deviation of real

returns to stocks
16.7%, ∀t Dimson, Marsh, and

Staunton (2006)
E(Rh,t(1 + y))− (1 + rf) Mean real total risk pre-

mium of housing
6.1%, ∀t Set to match stocks√

Var(Rh,t(1 + y)) Standard deviation of real
total returns to housing

16.7%, ∀t Set to match stocks

E(Ry,t)− 1 Mean real permanent in-
come growth

3%, ∀t Tan (2013)√
Var(Ry,t) Standard deviation of real

permanent-income growth
15%, ∀t Tan (2013)

ρs,h Correlation of logs of returns
to stocks and housing

20% Jordà et al. (2019)

ρs,y Correlation of logs of return
to stocks and permanent in-
come growth

0% Yao and Zhang
(2005a)

ρh,y Correlation of logs of return
to housing and permanent
income growth

20% Yao and Zhang (2005a)
and Campbell and
Cocco (2015)

α Down-payment constraint 20% See text
y Rental yield 5% Jordà et al. (2019)
π Inflation 3% Jordà et al. (2019)
rFRM − rf Mortgage premium 2% Cocco (2005)
rm − rf Margin premium 1.5% Interactive Brokers

(n.d.)
gm Maintenance-margin ratio 50% See text
Y0 Initial household income $75,000 Statista Research De-

partment (2022)
H0 Minimum house value $225,000 See text
η Foreclosure penalty 15% Yao and Zhang

(2005b)
ν Fraction of labor income

granted upon default
2% Campbell and Cocco

(2015)

Table 1: Summary of calibrated parameter values.
See text for details.
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3 Solution method

This type of model cannot be solved analytically (Campbell and Cocco 2015, 1510).14 Yet,

because the problem is finite, a solution exists and can be found through backward induction.

I solve the model using numerical methods that are standard in papers on life-cycle portfolio

choice such as Yao and Zhang (2005b) and Cocco (2005). I represent the end-of-period

state space as
(
log W

Y
, H
W
, M
H

)
as in Yao and Zhang (2005b, 34), the period-0 choice space as(

H
W
, M
H
, S
L

)
, and the choice space in other periods as

(
S
L

)
, and discretize each of those with a

grid. I approximate the density functions for the income and risky-asset distributions using

Gaussian quadrature.

For each admissible combination of
(
log W

Y
, H
W
, M
H
, S
L

)
, I first obtain the expected utility of

end-of-period terminal wealth in period T − 1. If T = 1 (if there is only one period), then the

discrete choice of
(
H
W
, M
H
, S
L

)
that yields the highest terminal wealth is the optimal policy for

a given initial W
Y
. The value function is then the expected utility evaluated at that optimal

gridpoint.

If T > 1, then I instead find the optimal choice of S
L
for each gridpoint in the beginning-of-

period state space
(
log W

Y
, H
W
, M
H

)
, and also find the corresponding period value function that

will be used in computations for earlier periods. For every t < T − 1, iterating backwards, I

again calculate the end-of-period state for each admissible combination of beginning-of-period

state and choice of S
L
; this end-of-period state is the next period’s beginning-of-period state,

and thus the utility associated with this state can be found by evaluating the following

period’s value function. To evaluate the following period’s value function for end-of-period

state values that do not lie on the state-space grid, I use multilinear interpolation of u−1(v(·)),

where u is the CRRA utility function and v is the value function for period t+1, and evaluate

14. It is worth mentioning a simpler case that can be. In my model, position adjustment is constrained
since housing is only chosen in the first period; labor income is risky; and borrowing is limited and occurs
at different rates than the risk-free saving rate. If none of those three things were true in the model, then
it is well known that the labor income could be treated as an implicit holding in the risk-free asset of the
discounted amount, and the optimal investment in the mean-variance-optimal combination of stocks and of
housing could be given as a simple formula because of the assumptions of CRRA utility and of LogNormal
returns (Campbell 2018, 309).
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the utility of this interpolated value, as suggested by Carroll (2022). If t > 0, I compute the

period value function by performing a grid search over S
L
for each point in the state space; if

t = 0, I compute the overall value function by grid search over
(
H
W
, M
H
, S
L

)
for each initial W

Y
.

After the model has been solved, I separately simulate the model in the forwards direction,

this time using 10,000 Monte Carlo simulations per initial wealth-to-income ratio rather than

discretizing the distributions. Making use of the period choice functions that were previously

solved for, I obtain the mean beginning-of-period choice and state variables for all periods.

This allows me to show what happens in each period on average, as affected by the decisions

in previous periods, rather than only conditionally on beginning-of-period state. A similar

simulation approach is used in Cocco, Gomes, and Maenhout (2005).

I wrote the Python code to perform the above optimization and simulations from scratch,

using NumPy for vectorized operations (Harris et al. 2020) and Econ-ARK for fast linear

interpolation (Carroll et al. 2018).15

4 Results

4.1 Baseline calibration

I begin with the results for the baseline calibration discussed previously. Figure 1a shows that

investors must have an initial wealth-to-income ratio of at least W
Y

= 102/5 ≈ 2.51 for it to be

optimal to buy housing. Specifically, investors with W
Y

≈ 2.51 choose H
W

= 1.2, M
W

= 0.36 and

S
W

= 0.16. As seen in Figure 1b, the minimum down payment made is 70% (corresponding

to a loan-to-value ratio of 30%).

Conversely, investors with low initial wealth purchase only stocks. For the lowest values of

initial wealth, this is a direct result of the minimum-house-size constraint making it impossible

to afford to buy a rental property even with the smallest possible down payment. However, the

minimum-house-size constraint does not always have the effect of making baseline investors

15. The code is included in the replication package for this paper.
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with relatively low wealth put all their money towards the minimal down payment even when

this would be enough to afford a house. To see this, notice that an investor with W
Y

= 1

could have purchased up to 5 times their wealth in housing with the maximum 20% down

payment, whereas the minimum housing purchase was calibrated to be only 3 times annual

income (and in this case income is equal to wealth). While this might seem surprising, the

simple explanation for this is that the investor does not wish to take as much risk as would

be necessary to buy housing at lower wealth-to-income ratios. This will be investigated more

directly in the following subsection, where the minimum-house-size constraint will be relaxed.

When the investor does purchase housing, the share of their wealth invested in housing in

the first period is seen to be significantly greater than that invested in stocks, by a factor

of at least four. Moreover, this is the case even at high levels of wealth relative to labor

income, as seen in Figure 1a. This may seem puzzling given that stocks and housing were

calibrated to have identical risk and returns (with housing being slightly less attractive due

to its positive correlation with income). However, it can be explained by the fact that the

first period is the investor’s only opportunity to purchase housing: Therefore, whereas in

a one-period model without labor income and without leverage, the investor would have

optimally invested the same share in both assets, in this case they are taking into account

that the proportion of housing wealth will decline relative to liquid wealth over the course of

the lifecycle, and accordingly purchasing more housing than stocks.

That explanation is supported by Figure 2, which shows mean beginning-of-period values

of porefolio shares and of the wealth-to-income ratio, calculated using 10,000 simulations of

the model solution across all periods. We see that while the share of housing (H
W
) initially

dominates stocks ( S
W
) by a large factor, the holding of stocks eventually overtakes housing

after about 10 periods.

Figure 1b also shows that of the liquid wealth left over after purchasing housing with the

chosen mortgage amount, the household invests 100% of it into stocks rather than cash in the

first period, no matter the wealth-to-income ratio. As seen in Figure 2, the household does
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hold some cash in later periods, but generally cash investment remains lower than 40% even

when there is little or no labor income left to earn. This is even though the risk-aversion

coefficient was calibrated in Subsection 2.3 to generate only a 60% investment in stocks in

the one-period model without labor income and without housing. The reason is simply that

the presence of a second lightly correlated risky asset, housing, makes risky investment much

more attractive than would be investment in stocks alone.
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(b) LTV and stock-to-liquid-wealth ratios, first period

Figure 1: Model solution in the baseline case.
The variables in the first figure are the ratios of the value of housing, of the mortgage, of
stocks and of cash with respect to wealth. The variables in the second figure are the ratios of
the mortgage to the housing value (LTV ratio) and of stocks to liquid wealth, where liquid
wealth is given by L = W − H(1 − M

H
). I set M

H
= 0 for the purposes of the graph when

H = 0.
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Figure 2: Dynamics of the model solution in the baseline case, with W0

Y0
= 2.51.

The variables are the ratio of stocks to total wealth, the ratio of the value of housing to total
wealth, the ratio of the mortgage to total wealth, the ratio of cash to total wealth, and the
ratio of current wealth to initial wealth.
The values of H

W
and M

W
for t = T are the end-of-period values for the preceding period; there

are no corresponding values for S
W

and Z
W

since they are only chosen at the beginning of a
period.

4.2 The effect of the minimum-house-size constraint

The first change in assumptions I consider is the removal of the minimum-house-size constraint

(H0 = 0). This will clarify the extent to which the model solution in the previous subsection

was affected by this constraint.

Figure 3a shows that without that constraint, households who have saved just over a

month’s labor income take very high leverage in housing, buying a house worth 3 times

that wealth, with a large mortgage, which they were unable to do under the effect of the

minimum-house-size constraint. Figure 3b shows that the household takes the maximum

down payment given a wealth-to-income ratio of 0.1, and again puts all liquid wealth into

stocks at all wealth levels.

Figure 4 compares the first-period solution without the minimum-house-size constraint

with the previous subsection’s baseline case. We see that at the level of wealth at which the

investor first purchases housing in the constrained case, they actually purchase somewhat
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more housing than they would without a minimum-house-size constraint (the nonzero points

on the H
W

curve are higher in the second graph than the first). Therefore, there is crowding-in

from the minimum-house-size constraint: the household invests more in housing than they

would like to in order to be able to invest in housing at all. This crowding-in from the

minimum-house-size constraint happens only to a modest extent, though, since as discussed

in the previous subsection, investors with W
Y

= 1 could also have afforded to buy housing,

but it was not optimal for them to do so.

Furthermore, as discussed in Subsection 2.3, since H0 is a feature of the external envi-

ronment, unrelated to the household’s income, then a high initial labor income Y0 will make

the constraint less likely to bind for a given wealth-to-income ratio W0

Y0
. Table 2 reports the

income required for the constraint not to bind for the optimal solution at each value of W
Y
.

Note, however, that households with lower incomes than those may still be able to purchase

another amount of housing that is not the unconstrained optimum, and some of those amounts

may be preferable to no housing at all. Table 3 reports the lowest wealth-to-income ratio

at which housing is purchased in the constrained optimum, for different values of household

income. We see that at the high income level of $375,000, households first purchase housing

at the low wealth-to-income ratio of 0.16. They nearly maximize their leverage, taking out

a 20% down payment on a house worth 4 times their wealth. However, this is again due

to a crowding-in effect, since a comparison with Table 2 shows that at this same ratio, the

household would have purchased a house worth only 2 times their wealth if not for the

minimum-house-size constraint.

To sum up, I find that the minimum-house-size constraint significantly affects the decision

to purchase rental housing. When it binds, it drives the household either to not purchase

housing when they would otherwise have done so, or to buy more housing than they would

otherwise like. Furthermore, the greater the household’s income is, the less they are affected

by the constraint for given ratios of wealth to income. My results point to much higher

leverage being taken by investors with high levels of household income: households with
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an income of $375,000 buy housing when they have wealth-to-income ratios as low as 0.16,

rather than 2.51 for the average household, and use much more leverage.

H/W Required Y ($)
W/Y

0.10 3.00 750,000.00
0.16 2.00 703,125.00
0.25 1.80 500,000.00
0.40 1.40 401,785.71
0.63 1.20 296,052.63
1.00 1.00 225,000.00
1.26 0.80 222,772.28
1.58 0.80 178,571.43
2.00 0.80 140,625.00
2.51 0.80 111,940.30
3.16 0.80 88,932.81
3.98 0.80 70,754.72
5.01 0.80 56,109.73
6.31 0.80 44,554.46
7.94 0.80 35,433.07
10.00 0.80 28,125.00

Table 2: Required income for minimum-house-size constraint not to bind for the optimal
unconstrained first-period solution, by wealth-to-income ratio.
The first column is the same as the H

W
curve in Figure 3a. The last column is calculated by

dividing the minimum house value by the product of H
W

and W
Y
.

29



10−1 100 101

0

1

2

3

W/Y: Initial ratio of wealth to labor income

O
p
ti
m
al

fi
rs
t-
p
er
io
d
ch
oi
ce
s H/W

M/W
S/W
Z/W

(a) Balance sheet, first period

10−1 100 101
0

0.2

0.4

0.6

0.8

1

W/Y: Initial ratio of wealth to labor income

O
p
ti
m
al

fi
rs
t-
p
er
io
d
ch
oi
ce
s

M/H
S/L

(b) LTV and stock-to-liquid-wealth ratios, first period

Figure 3: Model solution without minimum-house-size constraint.
The variables in the first figure are the ratios of the value of housing, of the mortgage, of
stocks and of cash with respect to wealth. The variables in the second figure are the ratios of
the mortgage to the housing value (LTV ratio) and of stocks to liquid wealth, where liquid
wealth is given by L = W −H(1− M

H
).
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(b) With minimum-house-size constraint

Figure 4: Comparison of the model solutions for the first period without and with the
minimum-house-size constraint.
Figure (a) is identical to that in Figure 3a, while the data in figure (b) is the same as that in
Figure 1a. The solutions are graphed on the same scale to facilitate comparison.
The variables are the ratios of the value of housing, of the mortgage, of stocks and of cash
with respect to wealth.
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W/Y H/W M/W S/W Z/W M/H
Household income

(1) $37,500 5.01 1.20 0.24 0.04 0.00 0.20
(2) $75,000 2.51 1.20 0.36 0.16 0.00 0.30
(3) $150,000 1.00 1.60 0.64 0.04 0.00 0.40
(4) $225,000 0.63 1.60 0.64 0.04 0.00 0.40
(5) $375,000 0.16 4.00 3.20 0.20 0.00 0.80
(6) $750,000 0.10 3.00 2.40 0.40 0.00 0.80

Table 3: Lowest initial wealth-to-income ratio for which housing is purchased, and first-
period portfolio choice at that ratio, according to the level of household income.
The minimum-house-size constraint, H0 = $225,000, is applied in computing these results.
The case with a household income of $75,000 corresponds to the baseline case, and thus the
model solution matches Figure 1a in that case.

4.3 The effect of allowing margin investing

I now consider the effect of allowing the use of margin to invest in stocks, with a maintenance-

margin requirement of 50%, as discussed in Subsection 2.2. This allows my model to nest

that of Ayres and Nalebuff (2008, 2010).

I report the results in Figure 5a, this time restoring the minimum-house-size constraint.

Low levels of initial wealth result in large leverage in stocks, with the maintenance-margin

requirement binding under the optimal solution when W0

Y0
= 0.1.

A comparison with Figure 5b shows that access to stock margin does not affect the choice

of housing investment: it can be verified that the H
W

and M
W

curves are identical between the

two graphs. This may be surprising, since we might have expected that the impossibility

of leveraging stocks would lead to more investment in housing, which allows for mortgage

leverage, but this turns out not to be the case. Put differently, the other differences between

housing and stocks in the model, such as the fact that housing allows for leverage without a

maintenance margin, and the fact that housing can only be purchased in the first period,

have a greater influence on the choice of housing in the baseline calibration than whether

margin leverage in stocks is available.
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Figure 5: Model solution for the first period with and without margin investing.
The data in figure (b) is the same as that in Figure 1a, but is graphed on the same scale as
the solution with margin investing to facilitate comparison.
The variables are the ratios of the value of housing, of the mortgage, of stocks and of cash
with respect to wealth.
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4.4 The effect of risk in labor income

A key motivation behind the present analysis was to explore future labor income as a basis

for leveraged investing, and accordingly it is of great interest to analyze the effect of varying

the riskiness of this future labor income. For this exercise, I return to the baseline case, with

no margin investing and with the minimum-house-size constraint, and fix W0

Y0
= 2.51, which

was the level of wealth at which investors first purchased housing in Subsection 4.1.

The results are reported in Figure 6; recall that the baseline calibration set the standard

deviation of labor income to 0.15. We see that use of mortgage leverage is somewhat sensitive

to the riskiness of labor income, and more so than housing investment is. If the standard

deviation is set to zero, then the household takes out a larger mortgage, and uses the greater

remaining cash to buy stocks. If the standard deviation from the baseline calibration is

increased to 0.45, then the household no longer purchases housing, and instead takes risk

through a greater holding of stocks. One implication of this finding is that households with

more-stable labor income, such as government employees, may tend to use more leverage in

purchasing housing, and conversely, those with very risky future income may not purchase

any at all.
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Figure 6: Model solution for the first period, with W0

Y0
= 2.51 and varying the standard

deviation of labor income.
The variables are the ratios of the value of housing, of the mortgage, of stocks and of cash
with respect to wealth.

4.5 The effect of rental yield

Rental-property investors often strongly emphasize the importance of properties’ cash flow,

which in my model is equivalent to the rental income minus the mortgage payment. One book

states that: “Here’s a simple rule without exception: you never invest in cash-flow-negative

properties” (Ross and Giannini 2017). Another book states that: “Break even on cash flow

or lose money on cash flow, and you are on a path to financial ruin” (Turner 2015). From

the economist’s perspective, negative cash flow does not necessarily make a rental-property

investment bad in expectation, both because the property is expected to appreciate and

because the mortgage payment includes a principal payment towards paying off the mortgage.

However, if the rental income is lower than the mortgage payment, such that cash flow is

negative, then the household must use some of its labor income or other liquid savings to

cover the mortgage payment. In this section, I examine how my model’s results change as

I vary rental yield, while holding the total risk and return fixed by varying capital gains

accordingly. This allows me to assess whether the books’ warnings about negative cash flow

can be replicated in my model. Examining the effect of rental yield is also useful because
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it may differ across available properties: for instance, the share of returns that comes from

rental yields rather than capital gains is larger for smaller cities in the U.S. relative to larger

ones (Demers and Eisfeldt 2022).

Before performing any analyses, I note that even though a greater rental yield reduces

the reliance on labor income or liquid wealth to cover the mortgage payment, higher rental

yields are not unambiguously preferable in my model. This is because positive cash flow can

be reinvested into stocks but not housing, so a higher rental yield decreases the household’s

ability to diversify between stocks and housing.

I report the optimal first-period choices, as well as the value function, for a range of rental

yields in Figure 7. We see that the empirically calibrated yield used in the baseline calibration,

which was y = 5%, is in fact near what is optimal. Furthermore, there are substantial utility

losses from low yields: In the case of zero yield, the household optimally chooses to forego

purchasing housing entirely. To compare this to the books’ recommendation, note that the

break-even yield to have zero initial cash flow will depend on the size of the mortgage, but

is otherwise pinned down by the mortgage-payment formula given in Subsection 1.1 once

we have specified the risk-free rate, the mortgage risk premium and the inflation rate. For

the baseline calibration, it can be computed that 5.97% is the yield that corresponds to zero

initial cash flow with a 20% down payment, which is close to the 6% point that is optimal

according to Figure 7b. Therefore, the books’ recommendation to seek out non-negative cash

flow is roughly accurate in my model.
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Figure 7: Model solution for the first period, with W0

Y0
= 2.51 and varying the rental yield,

for a fixed total risk premium.
The variables in the first graph are the ratios of the value of housing, of the mortgage, of
stocks and of cash with respect to wealth. The variable in the second graph is the certainty-
equivalent of the value function, and thus of final wealth, as a factor of the initial wealth.
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4.6 The effect of other parameter assumptions

In the baseline case evaluated earlier, there was a role for a mortgaged rental property in the

representative investor’s portfolio, but this was a somewhat limited one since the household

uses large down payments of at least 70% as discussed in Subsection 4.1. In practice, many

investors use the least down payment required, i.e., 20%.16 Given that my calibration was

for an average investor, this observed behavior could be explained by the heterogeneity of

various parameters among investors, whether they are labor-income riskiness and household

income, as already discussed, or others such as risk aversion and savings rate. In this section,

I explore the effects of varying those other parameters to assess for what attributes additional

heterogeneity is most significant. I also test alternate values of parameters of the investment

environment, such as returns and correlations between returns.

Table 4 reports model results under a range of different parameter assumptions, with Row

1 showing the baseline case. For conciseness, I report the lowest wealth-to-income ratio for

which housing is purchased, and the optimal portfolio choice at that ratio. As we have seen,

that ratio is usually also the ratio for which the chosen allocation to housing is the largest.

Rows 2 to 6 report results for some of the other scenarios considered in previous subsections.

A noteworthy case is that of riskless labor income, which I had considered in Subsection 4.4

for a particular wealth-to-income ratio, whereas I now fix the wealth-to-income ratio in the

way described above. Row 5 shows that with riskless labor income, households only need one

year’s labor income in savings in order to buy housing, and they take out a mortgage with the

minimum 20% down payment at that wealth level. Therefore, assuming riskless labor income

as in Ayres and Nalebuff (2008, 2010) is sufficient to generate the maximum level of leverage.

The first new situation I examine is that of a lower coefficient of relative risk aversion,

which was set to 4 in the baseline case. A coefficient of relative risk aversion of 2 has frequently

been used by other researchers, such as Campbell and Cocco (2015, 1511) and Ayres and

16. One book about rental-property investing mentions that: “Many of the examples in this book will use
conventional 20% down payments as the norm for planning and strategizing for the future, as this approach
is the most common” (Turner 2015).
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Nalebuff (2008, 2010). Row 7 shows that this leads to more than double the maximum

housing purchase (H
W

= 3) than in the baseline case (H
W

= 1.2), with a 20% down payment.

Therefore, either a different assumption about the median investor’s risk aversion or sufficient

heterogeneity in risk aversion can generate much higher levels of housing purchasing and of

mortgage leverage than the baseline case.

Another important parameter is the mortgage premium, which measures the spread

between the risk-free rate at which cash can be deposited and the rate at which mortgage

funds are borrowed, and which is set to 2% in the baseline case. In the special case of zero

mortgage premium, it is always better to take out the maximum mortgage for a given choice

of housing, since the additional funds will earn the same borrowing rate when deposited, and

since a higher mortgage increases the option value of defaulting on the mortgage. This logic

is confirmed by Row 8, which shows that the household takes out the maximum mortgage

with a 20% down payment. While a lender is unlikely to ever offer a mortgage with zero risk

premium, since the default risk must be priced, this case is conceptually important and is

also the baseline case in Yao and Zhang (2005b).

More broadly, the mortgage premium might vary between investors depending on cred-

itworthiness, or across time depending on market conditions. Rows 9 and 10 show that

mortgage premia of 1% and 3% modestly affect housing and mortgage choice relative to

the baseline case. While these are both one point away from our calibrated average, a

decrease in the mortgage premium affects portfolio choice more than an increase, so there is

an asymmetry in the impact of changes in the mortgage premium.

Next, I vary the correlation between stock returns and labor income, which was calibrated

as 0 in the baseline case. Row 11 reports the results when the correlation between stocks and

labor income is 0.2, which is the same as the correlation between housing and labor income

in the baseline case. The model turns out not to be sensitive to this assumption: the results

are exactly the same as in the baseline case.

Another parameter that is worthwhile to vary is the correlation between housing and labor
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income, which was set to 0.2 in the baseline case. A positive correlation between housing

and labor income decreases the attractiveness of housing as an investment namely because

it makes low rental income more likely to coincide with low labor income, thus increasing

the odds of missing mortgage payments. Furthermore, it makes it such that housing is less

attractive than stocks even if we disregard their leverage and liquidity differences, despite their

having the same expected return and risk, because stocks, unlike housing, were calibrated

as being uncorrelated with labor income. Row 11 shows that eliminating the correlation

between housing and labor income modestly raises the maximum housing choice to 1.6 times

wealth rather than 1.2 times wealth.

Another way in which housing is closely coupled with labor income in this model is

through the rate at which labor income is saved. Indeed, the original motivation for this

paper was to examine whether the presence of future labor income generates a demand for

the leveraged purchase of rental properties. Row 13 confirms this intuition by showing that

if there is no future labor income, the investor still buys housing for some levels of initial

wealth, but requires more wealth to want to do so, and does not take out a mortgage at

all. Furthermore, at the lowest wealth-to-income ratio for which housing is purchased, the

investor without future savings does not invest in stocks in the first period. While this may

seem counter-intuitive since there are no future savings to be invested into stocks, it is less

surprising if we recall that the rental income can still be invested into stocks in later periods.

There is evidence that savings rates vary significantly both within (Venti and Wise 1998)

and across (Dynan, Skinner, and Zeldes 2004) income brackets, thus making heterogeneity in

the savings rate particularly important. For instance, Dynan, Skinner, and Zeldes estimate

that households in the top income quintile save 12% of permanent income (420, 422), which is

double our baseline value of 6%.17 Row 14 shows that with a savings rate of 12%, households

buy housing if they have a wealth-to-income ratio over 2.00, in contrast to 2.51 in the baseline

17. This is the figure for what Dynan, Skinner, and Zeldes call “active” savings, which are savings exclusive
of capital gains. The rate of active savings is most analogous to my model’s savings rate, which is with
respect to labor income and does not encompass returns on the investment portfolio such as capital gains.
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case. Furthermore, the minimum down-payment ratio drops to 60%. I also report results

in Rows 15 and 16 for the higher savings rates of 20% and 30%. Row 16 that the very

high anticipated savings rate of 30% can justify the maximal leverage observed among some

real-estate investors: this assumption leads to total crowding out of stock investment in the

first period, and a purchase of the biggest possible house with the smallest possible down

payment.

Lastly, I consider the impact of using parameter estimates from Jordà et al. (2019), which

exhibit a higher risk-adjusted return for housing than for stocks, and which I did not use in

the baseline case in order to make the case for investing in rental properties more conservative.

With the adjustments for idiosyncratic and ZIP-code-level housing risk that I suggested in

Subsection 2.1, these correspond to a mean of 6.6% and a standard deviation of 23.84% for

real stock returns, and a mean of 6.74% and a standard deviation of 14.16% for real housing

returns. This is in contrast to a mean of 7.35% and a standard deviation of 16.7% for both

assets in my baseline case. The results in Row 17 show that applying the results from Jordà

et al. (2019) raises peak housing investment to 1.6 times wealth, with a 60% down payment.
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W/Y H/W M/W S/W Z/W D.p. ratio

(1) Baseline case 2.51 1.20 0.36 0.16 0.00 0.70
(2) No minimum-house-size
constraint

0.10 3.00 2.40 0.40 0.00 0.20

(3) Household income =
$375,000

0.16 4.00 3.20 0.20 0.00 0.20

(4) Allowing stock margin 2.51 1.20 0.36 0.32 -0.16 0.70
(5) Riskless labor income 1.00 3.00 2.40 0.40 0.00 0.20
(6) Rental yield = expected
total return

3.16 1.00 0.10 0.10 0.00 0.90

(7) CRRA = 2 1.00 3.00 2.40 0.40 0.00 0.20
(8) Mortgage premium = 0% 1.58 2.00 1.60 0.42 0.18 0.20
(9) Mortgage premium = 1% 2.00 1.60 0.80 0.20 0.00 0.50
(10) Mortgage premium =
3%

2.51 1.20 0.24 0.04 0.00 0.80

(11) Correlation between
stocks and labor income =
0.2

2.51 1.20 0.36 0.16 0.00 0.70

(12) No correlation between
housing and labor income

2.00 1.60 0.64 0.04 0.00 0.60

(13) Savings rate = 0% (no
future labor income)

3.16 1.00 0.00 0.00 0.00 1.00

(14) Savings rate = 12% 2.00 1.60 0.64 0.04 0.00 0.60
(15) Savings rate = 20% 1.58 2.00 1.20 0.20 0.00 0.40
(16) Savings rate = 30% 0.63 5.00 4.00 0.00 0.00 0.20
(17) Jordà et al. (2019) re-
turn parameters

2.00 1.60 0.64 0.04 0.00 0.60

Table 4: Lowest initial wealth-to-income ratio for which housing is purchased, and first-
period portfolio choice at that ratio, for different parameter settings.
Scenarios 1 through 6 were studied in previous subsections, and the results are also reported
here for ease of comparison.
The last column indicates the down-payment ratio, which equals 1− M/W

H/W
.
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5 Discussion

In this section, I first discuss the implications of my parameter choices for the generalizability

of my model. I also discuss the relationship between my model assumptions and the business

reality of buying and operating a rental property. I then discuss the relationship between my

model of a household’s portfolio allocation and whether they separately buy a property to live

in. Also, I discuss the possibility of taking out mortgages with down payments of less than

20%. I also discuss the implications of not modeling taxes. I then discuss the relevance of

liquid real-estate investment funds to my problem. Finally, I discuss the broader implications

of my findings in general equilibrium.

5.1 Robustness to parameter values and distributional assumptions

My model assumes that the returns to each asset are independent across time, as is common in

the literature. If I had instead assumed mean reversion in returns, as in Campbell et al. (2001),

this may have strengthened the incentive to use mortgage leverage, which does not have a

maintenance-margin requirement, over stock leverage, which does. This is because under

mean reversion, a liquidation during a downturn would result in missing out on the highest

expected returns. One way this could be flexibly studied would be to repeat my analysis

using historical returns over sequences of years for different cohorts (e.g., for the 30 years

starting in 1950, in 1951, etc.), as in Ayres and Nalebuff (2008, 2010). However, this would

come at the expense of a very low number of independent observations: with a 30-year

investment horizon, we would only have about five non-overlapping observations across the

entire 1870–2015 dataset from Jordà et al. (2019).

Furthermore, the attractiveness of rental investments might differ according to the

particular locale. Amaral et al. (2021) suggest that smaller cities have higher total returns

and higher risk than larger cities. While they report that the overall Sharpe ratios are similar,

the ability to take on more risk for a given down payment means that investing in a smaller
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city may effectively relax the down-payment constraint if it is binding.

Buying and selling housing also involves transaction costs, such as appraisal, notary

fees and broker fees, which I do not explicitly model. These would have been unlikely to

significantly affect my results, since the horizon is long and since those transactions only

occur once and cost less than a year’s worth of returns (usually around 4%). Transaction

costs are, in a sense, captured through the assumption that housing is only bought and sold

once.

5.2 Modeling of rental properties

I begin this subsection on the limitations imposed by my model assumptions by talking

about how some of them relate to the practical reality of how much skill and time investment

is required to buy an individual property as an investment and of renting it out. The

idiosyncratic risk of a house’s return, which is the difference between its return and that of

comparable houses in the same location, can be thought of as potentially originating from

frictions at the time of house purchase and sale, or from uninsurable events that occur during

the holding period. Alternately, what appears to be idiosyncratic risk from transaction

frictions could in fact be attributable to unobserved skill in buying and selling houses. Other

research has shown that there is variability in this regard: for example, real-estate agents

in Singapore bought their own houses for 2.54% less on average than non-agents (Agarwal

et al. 2019). My model implicitly assumes that the investor has average ex-ante skill in

buying and selling houses. Therefore, an unsophisticated real-estate investor may achieve

worse returns than the model calibration predicts, whereas they could easily achieve average

returns in the stock market by holding an index fund.

The same consideration applies to rents: the investor is implicitly assumed to be of average

skill in renting out and managing the property. Furthermore, in the sources I have consulted,

the calibration of the ratio of net rents to gross rents factors in the labor cost of maintenance

through depreciation, but not the labor cost or opportunity cost of time of managing the
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property (finding tenants, bookkeeping, hiring contractors, etc.), which is surely greater than

that for an index-fund investment, and which is not explicitly modeled.

Another assumption of my model is that the investor may purchase only a single house,

only in the first period, and sell it only in the last period. The structure of the model

makes this unlikely that selling the house earlier would increase utility of final wealth for the

median investor, unless the household also had the opportunity to buy another property.18

In particular, the model could be extended by allowing houses to be bought and sold in

any period, subject to transaction costs and to newly meeting the down-payment constraint,

while maintaining for simplicity the assumption that the household owns only one house at

once.19 The model should then also directly account for the fact that annualized idiosyncratic

risk is larger for shorter holding periods (Giacoletti 2021). The option to trade houses would

also naturally pair with the option to perform a cash-out refinance of existing properties to

convert either paid-down principal or capital gains into liquid wealth, as in Yao and Zhang

(2005b, 11).20 I omitted these elements in my model to limit computational complexity, since

these changes would make the previous period’s values of H
W

and M
H

into state variables for

every period, as this would be needed to compute the transaction costs and to ensure the

down-payment constraint isn’t applied to existing non-refinanced mortgages.

This type of model also implicitly treats housing as limited by the availability of fixed

factors such as land, since investment and depreciation are exogenous and deemed to be

included in the net yields. Alternative models make investment and depreciation endogenous,

and thus treat the housing stock as adjustable (Chen, Michaux, and Roussanov 2020, 333).

18. However, the option to sell early, even without the option to buy another property, could still be an
improvement for some investors even if not for the median investor, since it would allow households with
particularly low realizations of income to lower their holding of risky assets.
19. The assumption that the investor owns only a single house at once seems reasonable as a suggested

departure from investing only in the stock market, since administrative burden would likely scale with the
number of houses. However, it is worth noting that investing a given amount of capital in several properties
by purchasing them in partnership with other people could be a way to decrease idiosyncratic risk and thus
increase risk-adjusted returns.
20. This should not be confused with refinancing that is for the purpose of obtaining a lower interest rate,

as in Campbell and Cocco (2003). Cash-out refinancing could be added to the model while maintaining my
assumption of a time-invariant real risk-free rate.
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5.3 Interaction with owner-occupied housing

As mentioned in the introduction, my model is framed independently of the household’s

decision of whether to purchase owner-occupied housing. If they were to purchase owner-

occupied housing, this would be assumed to be financed with the portion of labor income

that is not encompassed in the savings rate, or with funds excluded from the initial investable

wealth. Therefore, my model centers on the choice of the “investment portfolio”, that is to

say, of assets that do not have any consumption features.

An immediate question is whether the two problems are in fact separable, even conditionally

on an exogenous savings rate. In other words, does owning one’s primary residence affect the

optimal proportions of stocks, rental housing, rental-property mortgages and cash? There is

a particular context in which the answer is likely to be “no”, though it may depend on the

specific utility formulation. This is when an infinitely lived household’s ownership of their

primary residence perfectly hedges their future need for housing services, and the residence

can thus be seen as a risk-free asset providing those particular services (Barras and Betermier

2020). This is sometimes summarized as saying that “everyone is born short a house”. Once

that short is covered with owner-occupied housing, investing in a rental property, even one

whose value is correlated with the primary residence, need not be riskier than investing in

stocks.21

A few factors may make that hedging explanation more or less applicable. In practice,

households are not infinitely lived, and if the primary residence were to be sold at the

same retirement age T as the rental housing in the model, then this would surely affect

portfolio choice. In this case, it would be preferable for the rental property’s value to be less

correlated with that of the primary residence. However, the assumption of the household’s

being infinitely lived can be rationalized in a few ways. One justification is that households

will also need housing services in retirement, as will their bequest beneficiaries. For instance,

21. For an alternative perspective, see Lockwood et al. (2022), who argue that renting may be preferable
to owning for many households from a hedging perspective, because rents positively covary with local
labor-income fluctuations and thus hedge them.
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Yao and Zhang (2005b), whose agents optimize over period consumption and bequests rather

than the terminal wealth used in my model, incorporate housing-services consumption in

the bequest beneficiaries’ utility and thus extend the hedging motive for a primary residence

beyond the household’s lifetime, though the extent of this depends on the strength of the

bequest motive.

Furthermore, a future extension of this model could endogenize consumption of both

perishable goods and housing services during the working years, and thereby endogenize

the choice of both the savings rate and the choice to buy owner-occupied housing. Even if

primary-residence ownership were separable from investment-portfolio choice, as discussed

above, the choice to buy owner-occupied housing would likely still interact with the savings

rate. For instance, if the hedging motive were very strong, the household might not save

much until they are able to purchase a primary residence. This would be best examined

by combining my model with one like that of Yao and Zhang (2005b), who incorporate the

buy-or-rent decision to study such effects.

5.4 Mortgages with low or no down payment

In my analysis, I assume that the minimum down payment is 20%, as is usually required

for conventional mortgages. However, there are U.S. mortgage products allowing for even

greater leverage, which I briefly discuss in this section. These seem to be popular among

real-estate investors, as judged by the large number of sales of books such as The Book on

Investing in Real Estate with No (and Low) Money Down (Turner 2020).

A prime example of such a mortgage product is that offered by the Federal Housing

Administration (FHA), which allows for down payments of only 3%. These mortgages can

be taken out for properties of up to four units, with the caveat that the owner must live

in one of the units. Projected net rental income may be included in the borrower’s income

to qualify for the mortgage (U.S. Department of Housing and Urban Development 2011,

2.B.8). These loans typically come at a higher cost, namely because of the cost of mortgage
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insurance which cannot be cancelled for a FHA mortgage with a down payment of less than

10% unless the property is refinanced (Dehan 2023).

The existence of such mortgages further bolsters the case for modeling rental-property

investment as part of life-cycle portfolio choice, as I do in this paper. This is because a

down payment of 3% brings the leverage achievable with rental-property investment even

further above that of regular margin investing, with its 25% maintenance-margin and 50%

initial-margin requirements.

My model could be extended to consider the trade-off between higher interest rates or

origination costs and lower down payments. This would allow investors with low initial wealth

to invest in housing, whereas in my model results the investors with the least savings only

have access to the stock market. Future research could also investigate whether multi-unit

FHA mortgage holders are more likely to be young and have low savings than holders of

conventional rental-property mortgages, as the logic of my model would suggest.

5.5 Taxes

Another limitation of my analysis is that I ignored the impact of taxes, as in Cocco (2005, 564).

Capital-gain taxes in particular would require keeping track of the basis of each investment as

an additional state variable, adding computational complexity. I now discuss how modeling

taxes might affect the results.

One way that taxes could affect portfolio choice in this setting is by reducing both the

return and risk of risky assets, thus inducing the investor to use more leverage in both stocks

and housing than predicted by the model to compensate for this dampening of risk (Sandmo

1985, 295).

Differential tax treatment of stocks and housing could also affect investment decisions. For

instance, net rental income is taxed as ordinary income at the federal level in the U.S., whereas

long-term capital gains on either stocks and housing, as well as qualified dividends on stocks,

are taxed at a lower rate, thus favoring stocks over housing. By contrast, interest deductibility
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can be more favorable for housing than for stocks: Mortgage interest is deductible as a

business expense even when taking the standard deduction, while margin interest is not

deductible when taking the standard deduction. Furthermore, so-called 1031 exchanges allow

for the deferral of capital gains tax when selling a real-estate property and purchasing another,

which is not possible with stocks. However, this is not directly relevant in this model since

only one property is ever purchased. Finally, stocks and other liquid securities can be held in

tax-advantaged accounts such as Individual Retirement Accounts or 401(k) retirement plans,

whereas individual rental properties usually cannot be.

5.6 REITs

I now briefly discuss real-estate investment trusts (REITs). REITs are, in most cases,

companies that own and manage real estate, and many have shares available for purchase

on stock exchanges. They thus avoid the illiquidity and minimum purchase size involved in

owning individual properties. Furthermore, they may have higher returns through economies

of scale, specialization in property management, and market power in renting. They also

minimize idiosyncratic risk through the holding of many properties across different locales.

Some studies suggest that REITs have similar return profiles to individual properties (Hoesli

and Oikarinen 2021).

In this paper, I have assumed that the only type of housing that can be purchased is an

individual property. As mentioned previously, this is because my analysis centers on the fact

that purchasing an individual property is necessary to obtain a mortgage, which allows for

high leverage that is not subject to maintenance margin. While many REITs are internally

leveraged, I am not aware of any for which the leveraged returns are comparable to those of

a rental property with a 20% down payment.

I will however mention a possible extension to this paper. REITs could be incorporated

as an additional asset that could be traded in each period and be purchased with margin

leverage, similarly to stocks, but that would have a very high correlation with the rental
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property and a low correlation with stocks. In the cases with relatively low initial wealth

that are of interest in the paper, it is likely that the addition of REITs would make little

difference in the first period, since the similar individual-property asset would allow for more

leverage. Importantly, though, a scenario in which the only allowed assets are stocks and

REITs would be useful for comparison to the scenario where all assets are investable. Such a

comparison would isolate the benefit provided to the investor by mortgage leverage, whereas

in the current setup the benefits of a mortgage can only be evaluated in combination with

the diversification benefit of allowing housing investment.

5.7 General-equilibrium implications

I now briefly discuss the broader implications of my findings for financial and real-estate

markets. I have shown that young investors allocate a greater share of their portfolio to

individual rental properties than they would if it weren’t for the particular advantages of

mortgages. Households are strictly worse off than if they could purchase REITs with a

mortgage, assuming that REITs can replicate the performance of rental properties while

diversifying away their idiosyncratic risk.22 Furthermore, this tendency for investors to

directly hold properties to obtain higher leverage likely translates into a higher proportion of

properties being held by households than if mortgages could be used to purchase REITs. This

helps explain the high proportion of rental housing that is supplied by households. There are

many policy implications: for instance, one study showed that non-professional landlords

select tenants less fairly than professional ones do, but are not as quick to evict those who

fall behind on rent (Decker 2023). Another study showed that individual landlords respond

with much less avoidance to the introduction of rent control than do corporate landlords

(Diamond, McQuade, and Qian 2019).

22. Public REITs’ returns may in fact be closer to those of stocks than to housing, in which case they could
be considered to be part of the stock index in my model and would not warrant particular analysis. Here, I
am considering how an idealized REIT would relate to my model, without delving into the empirical literature
on REIT returns in detail. If there are no products available that provide even unleveraged exposure to
the real-estate market without idiosyncratic risk, then there is even more reason for households to invest in
individual properties, without needing to invoke leverage as a justification.
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Furthermore, investors are worse off than if they could also use mortgages to buy stocks,

rather than only housing. The inability to purchase stocks with a mortgage (i.e., a collat-

eralized loan without maintenance margin) could cause real estate to tend to have a lower

required risk-adjusted return than stocks in general equilibrium. Real estate may then be less

affordable for prospective owner-occupiers than if mortgaged stock investment were available.

Mortgaged stock investment is in fact available in Australia: National Australia Bank

offers an “Equity Builder” loan that seems to function exactly like a mortgage, with down-

payment ratios as low as 25% (National Australia Bank 2021). It is secured by an investment

in a stock index fund, and is not subject to margin calls, which is advertised as an advantage

of the product, in line with the premise of this paper that a lack of maintenance margin is a

sought-after feature.

It is worth reasoning about why such products are not more widely available. Even if

stocks are riskier than real estate in absolute terms, the lender can simply require a higher

down-payment ratio to make the probability of negative equity the same for both asset

classes. Furthermore, the lender could require (and directly enforce through integration with

a brokerage account) that the borrowed funds only be invested in approved index funds rather

than riskier individual stocks.

Campbell (2006, 1586–1587) also noted a lack of innovation in product offerings, as well

as variability in the uptake of product types across countries, in the market for mortgages

on owner-occupied houses. He argued that the presence of unsophisticated households may

dull the incentive to offer a new product to sophisticated households if the existing product

involves a cross-subsidy from unsophisticated to sophisticated households. The argument,

which concerns adjustable-rate mortgages as the new (or lesser-known) product and fixed-rate

mortgages as the existing product, is as follows. In the United States, the predominant

mortgage type for owner-occupied houses is a fixed-rate mortgage, which households benefit

from canceling and refinancing at a lower rate if the prevailing interest rate is lower than the

initially agreed rate at some point during the mortgage term. However, because a substantial
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share of households are not sophisticated or attentive enough to optimally refinance, the

cancellation risk that is priced into the cost of the fixed-rate mortgage will be lower than

the actuarially fair price (as construed under the assumption that all households were acting

optimally) when mortgage supply is competitive. Therefore, sophisticated consumers of a

fixed-rate mortgage receive a cross-subsidy from unsophisticated ones when they refinance

optimally. At the same time, we can assume that the unsophisticated households who do

not optimally refinance are inherently less likely than sophisticated households to use a new

product because of status-quo bias. Campbell argues that there may then not be a market

for the new product, since the sophisticated households who might be willing to purchase it

would have to pay the actuarially fair price for it, rather than benefiting from a cross-subsidy

from unsophisticated households as they did in the market for the existing product.

I believe that the same logic could be extended to the case where a mortgage on stocks is

the new product and a mortgage on a rental property is the existing product. Sophisticated

households might benefit from a cross-subsidy in mortgages for rental properties because

of more-optimal refinancing or strategic default behavior than unsophisticated households.

Under these assumptions, a mortgaged-stock-investment product may not attract enough

customers to be commercially viable if the sophisticated households benefit more from being

pooled with the unsophisticated real-estate purchasers than from purchasing the new product

at the actuarially fair price.

Government intervention is another factor that could possibly favor the use of mortgage

borrowing to buy real estate over a new mortgage product that allowed buying stock indices.

In the language of my model, the mortgage risk premium may be lower than it would be if

not for implicit government subsidies, for instance through government-sponsored enterprises

(GSEs) such as Fannie Mae.

In short, my paper’s partial-equilibrium finding that investors may purchase rental

properties because of the greater leverage provided by mortgages naturally raises questions

about why comparable leverage isn’t usually available for purchasing diversified real-estate
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portfolios or stock indices. Future research might explore the consequences of this for owner-

occupier purchasers, as well as the market dynamics leading such financing to only be supplied

for individual properties.

6 Conclusion

In this paper, I developed a model of portfolio choice with uncertain labor income, investment

in rental properties and in stocks, and borrowing through mortgages and stock margin.

My model captures the fact that margin investment is subject to a maintenance-margin

constraint and thus to margin calls, while mortgages are not. I calibrated the model based

on the empirical evidence, carefully treating issues such as the idiosyncratic risk of individual

properties, and solved the model numerically. My model showed that households with low

initial wealth don’t purchase any housing, whereas those with medium values of wealth

relative to income purchase the most housing and use leverage, with their down payment

crowding out investment in stocks.

My model highlights that the constraint of a minimum house size is central to the

portfolio-choice decision, and is more likely to bind for investors with a lower income for

a given wealth-to-income ratio. When it binds, the constraint either makes the household

purchase no housing, or it leads them to buy more housing than they otherwise would, which

I refer to as crowding-in. Furthermore, higher savings rates, which have previously been

shown to be associated with higher household incomes, also make nonzero housing investment

optimal for lower wealth-to-income ratios. Therefore, while my model generates a modest

demand for housing investment and mortgage leverage for the median investor with future

labor income, it predicts that better-off households use higher leverage for given ratios of

wealth to income, mainly because of the minimum-house-size channel and also because of

the savings-rate channel. This is in line with the literature that suggests that the rich earn

a higher return on their investments (Bach, Calvet, and Sodini 2020). By the logic of time
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diversification, this likely means that rich households would earn a higher risk-adjusted return

on their investments as well, thanks to the mortgage leverage available with rental properties.

Whereas previous models of life-cycle portfolio choice studied young investors’ use of

leveraged stock investment to diversify across time, my analysis shows that mortgaged rental-

property investment can achieve time diversification even more effectively, which aligns both

with its much greater popularity over margin investing, and with the popular perception

that rental properties are a better investment than stocks. Of course, one could make a

simpler behavioral argument that people are more familiar with real estate than with stocks,

and would rather invest in what they fully understand, even if investing in stock indices

requires little specific knowledge. Future research could aim to disentangle the factors that

contribute to the differential appeal of rental properties and stocks, including access to

leverage, psychological biases, macroeconomic trends, and life-cycle stage.
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