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Abstract
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in the mortgage market can affect the welfare of agents. The welfare consequences
are strikingly different depending on whether problems of self control are taken into
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crucial to take possible problems of self control into account when assessing policies of
financial regulation in the mortgage market.
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1 Introduction

In psychological experiments of intertemporal choice people were found to be present biased.

This means that they show signs of time inconsistencies and preference reversals (inter alia,

Thaler, 1981; Green et al., 1994; Kirby and Herrnstein, 1995; Casari, 2009). For example,

suppose given the choice between receiving a small reward tomorrow or waiting for a larger

reward one day later, a person chooses to wait for the larger reward. If, however, both pay-

out dates are moved such that the time between the payouts remains unchanged but the

smaller reward can be received immediately, a present biased person will tend to reverse her

preferences and choose to get the immediate reward, even though the objective gains from

waiting did not change.1 This present bias cannot be explained with the preferences and

time discounting commonly employed in economic models. However, in recent years alter-

native preference specifications have been developed which can account for such a behavior.

Most notably, these are Hyperbolic Discounting (Laibson, 1998) and Dynamic Self Control

Preferences (Gul and Pesendorfer, 2001, 2004).2

These preferences have been applied to different areas of household decisions. Selected

examples include the choice of gym contracts (DellaVigna and Malmendier, 2006), drug

addiction (Gul and Pesendorfer, 2007) and credit card debt (Laibson et al., 2007; Meier

and Sprenger, 2010; Kuchler, 2013). In all these analyses, the predicted behavior of present

biased agents significantly differs from the behavior of standard agents.3 Including present

bias in these models helps to reconcile the models’ predictions with observed data.4 However,

an area where possible effects of present bias have so far not been analyzed is the housing

and mortgage decision. At the same time, this decision is one of most important decisions

1For an overview of time discounting and time preferences see Frederick et al. (2002).
2A detailed survey on decision theoretic models which accomodate present biased behavior can be found

in Lipman and Pesendorfer (2011).
3Throughout the paper, I will refer to agents who are not present biased, i.e. whose behavior can be

described by the preferences commonly employed in economic models, as standard agents.
4DellaVigna (2009) gives a broad overview over field experiments concerning behavioral aspects in house-

hold decisions.
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a household has to make. Not only are houses very expensive relative to a household’s

life-time income. Mortgages are also financial contracts with a very long repayment period

which implies that the housing and mortgage decision has very long-term effects on the

budget constraint of households. For this reason it is important to understand if and in

which way the degree of present bias affects the behavior and welfare of agents.

In this paper I aim to fill this gap. First, I present empirical evidence that lack of self

control influences the housing and mortgage decisions. Then I build a life-cycle model with

housing and mortgages and allow agents to be present biased. In particular, I model agents to

have Dynamic Self Control (DSC) preferences and analyze how the degree of the problem of

self control affects their housing and mortgage decisions. Moreover, I analyze how the welfare

of present biased agents is affected under two possible policy experiments and compare it to

the welfare consequences of standard agents: First I consider the effects of changes in the

maximum loan-to-value ratio (LTV). Second, I analyze the welfare effects of the possibility

to refinance a mortgage.

I find that agents with problems of self control overall accumulate less net worth through-

out their life. Moreover, they invest this net worth predominantly in illiquid assets. They

are less likely to be home owners as long as the home equity is easily accessible by refinanc-

ing. Once home equity is truly illiquid, agents who suffer from costs of self control benefit

from this illiquidity because it reduces the temptation to spend all their savings. In that case

mortgages also serve as a commitment device which enables these agents to save without hav-

ing to exercise self control. Once refinancing is restricted the ownership rate among agents

with costs of self control hence rises significantly. No matter if refinancing is possible or not,

however, agents with problems of self control own smaller houses with a higher loan-to-value

ratio.

Regarding the possible scope for financial regulation I find that an increased minimum

down payment requirement improves the welfare of present biased agents. While they face
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a negative welfare effect due to a limited choice set this effect is overcome by the positive

reduction in the temptation that they suffer each time they change their housing position

or are tempted to extract home equity. Moreover, restricting the possibility to refinance

makes home equity a truly illiquid asset. The positive effect of avoiding costs of self control

through housing and mortgages more than outweights the negative effects of making the

leverage position more difficult to adapt. Agents with problems of self control are hence

strictly better off without refinancing while standard agents are unambiguously worse off.

Both policy experiments therefore reveal that the welfare effects differ substantially whether

problems of self control are taken into account or not. Since the models predictions fit

correlations found in the data, this paper suggests that taking present bias into account is

crucial when thinking about financial regulation or consumer protection in the housing and

mortgage market.

My paper is related to the literature in two areas. First, it is related to papers on housing

and mortgages. Papers analyzing the housing choice over the life-cycle include, for example,

Attanasio et al. (2012) and Li and Yao (2007), who focus on the effects of house prices, income

processes and transaction costs on the housing choice over the life-cycle. Campbell and Cocco

(2011) analyze the choice between adjusting rate mortgages and fixed rate mortgages over the

life-cycle, while Koijen et al. (2009) study the effects of the term structure of bond rates on

the choice between these two mortgage contracts. Chambers et al. (2009) consider a wider set

of possible mortgage repayment schedules. General equilibrium models include the paper by

Iacoviello and Pavan (2011) who study the effects of lower down payment requirements and

increased income risk. Corbae and Quintin (2011) focus on the effect of subprime mortgages

on the foreclosure rate and Barlevy and Fisher (2011) point out the relation between subprime

mortgages and housing speculation. Chatterjee and Eyigungor (2011) analyze the effects of

unanticipated increases in the supply of housing. Finally, Chen et al. (2012) model aggregate

refinancing behavior. All these papers tend to focus either on the housing or on the mortgage

4



choice. If both aspects of the household decision are modelled then at least one of them is

simplified to a discrete choice between a small number of alternatives, e.g. a small number of

house sizes or a limited choice of mortgages. My model extends the literature in this respect

by modelling both the choice of house size and down payment choice as fully continuous.

Moreover, none of the models mentioned above considers the effects of present bias on the

housing and mortgage choice.

The second area related to this paper is the analysis of present bias itself. Papers in this

area include the already mentioned papers by DellaVigna and Malmendier (2006) , Gul and

Pesendorfer (2007) and Laibson et al. (2007). Moreover, Krusell et al. (2010) analyze the

effects of present bias on optimal taxation and Amador et al. (2006) consider the trade-off

between commitment and flexibility in the context of present biased agents. However, none

of these papers studies the effects of present bias on the housing and mortgage choice.

The paper which is closest to mine is Ghent (2013). Her model is a life-cycle model with

housing and mortgages where agents discount the future hyperbolically. In this setting, she

analyzes how equilibrium outcomes such as home ownership rates and foreclosure rates are

affected by the introduction of subprime mortgage products. However, in order to be able

to focus on steady state equilibria, she uses a limited choice set for the households, i.e. only

a small number of discrete house sizes and only two possible mortgage contracts. Moreover,

she analyzes the outcomes for one particular degree of present bias. As mentioned before, in

my model agents have a continuous choice for both house size and mortgage size. I can thus

rule out that the observed optimal behavior might be driven by the discrete nature of an

agent’s choice set. In addition to that, I analyze the portfolio decisions for varying degrees

of present bias. This enables me to make clear predictions about how the degree of present

bias affects the housing and mortgage decision of households.

The remainder of this paper is organized as follows. In section 2 I present empirical

evidence that lack of self control is correlated with the outcome of housing and mortgage
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decisions. Section 3 then introduces the specific form of present bias that I will use in the

model and explain the main driving forces behind these preferences. The model is detailed

in section 4. Section 5 describes the benchmark parameters. The results of the benchmark

model as well as the welfare consequences of the two policy experiments are the subject of

section 6. Section 7 concludes.

2 Emprical Evidence

In this section I show evidence that problems with temptation and self control empirically

play a role when households make their housing and mortgage decision. The degree of a

person’s self control is hard to measure and the surveys commonly used to analyze wealth

and portfolio decisions do not attempt to quantify this character trait. Fortunately, the

Health and Retirement Study (HRS) contains a test module in its wave 2010 that does

exactly that. At the same time, the sample in the HRS only contains households in or

close to retirement and is hence not suitable to directly analyze the housing and mortgage

choice which predominantly occurs earlier in life. However, I link the degree of self control

to observable behavior such as, for example, smoking or being overweight which is typically

associated with lack of self control. These behavioral indicators are in turn present in the

Panel Study of Income Dynamics (PSID) where I have data on the housing and mortgage

positions of households over the whole life cycle. I use this data set to show that there

is unexplained variation in the housing and mortgage positions that seems systematically

correlated with behavior typically associated with a problem of self control.5

5At no point in this empirical analysis do I claim to identify causal effects. I merely show that there is
significant correlation between signs of poor self control and the outcomes of housing and mortgage decisions.
I then build a formal life-cycle model to explain these correlations.
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2.1 Self Control and Behavioral Indicators

The Health and Retirement Study (HRS) is a panel data set that focuses on individuals

who are close to or already in retirement. It consists of an abundance of health measures,

personality questions as well as wealth and income information. In particular, wave 2010

contains a module that specifically asks the participants to assess their self control. There

are questions about four specific dimensions of self control (financial, food, exercise, and

interpersonal) as well as self control in general. Since the housing and mortgage decision is

mostly a financial one, I focus on financial and on general self control. Regarding general self

control, the interviewee is asked to assess how much the following statements resemble her

on a scale from 1 to 5 (1: “Very much like me”, 5: “Not like me at all”):

I wish I had more self-discipline.

I am good at resisting temptation.

Sometimes I can’t stop myself from doing something, even if I know it’s wrong.

To assess financial self control, the interwiewee is asked to answer on a scale from 1 to 5 how

often they do certain things (1: “Very often”, 5: “Never”):

Spend too much money?

Buy things on impulse?

Buy things you hadn’t planned to buy?

Buy things you don’t really need?

I follow the designer of the module, Angela Duckworth (see Tsukayama et al., 2012), and

construct averages of the answers as measures for general self control and financial self control,

respectively.6 Figure (1) shows the distribution of the two measures, where a higher value

corresponds to a stronger problem of self control.7

6Before taking the average, the orientation of the question has to be taken into account.
7See appendix A.1 for details about the sample selection.
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To gain further insight into these measures of self control, I relate them to behavioral

indicators which are typically associated with a lack of self control: smoking, being over-

weight, not exercising regularly, and drinking alcohol. Since the sample in the HRS consists

of people who are mostly in retirement, only few individuals still smoke. For the smoking

behavior, I therefore construct a dummy variable which indicates if a person has ever smoked

as opposed to smokes at the time of the interview. The characteristic of being overweight is

measured according to a person’s Body Mass Index (BMI), a commonly employed measure

of body shape which relates a person’s weight to her height.8 For the indicator if a person

doesn’t regularly exercise I again take into account that the survey is representative for the

older population. I therefore set the dummy equal to one if the interviewee states that she

engages less than once a month in moderate or vigorous physical exercise, where moderate

is defined as, for example, gardening, going for a walk, or cleaning the car. Lastly, alcohol

consumption is reflected in a dummy indicating if a person drinks any alcohol. Table (1)

gives the distribution of the behavioral indicators in the sample.

Table (2) shows the conditional correlations of the two measures of self control with these

indicator variables. Note that in these regressions I also control for standard demographic

differences such as age, marital status, race, education, retirement status, and income. It can

be seen that these behavioral indicators are significantly correlated with the measures of self

control. In the next subsection I will thus relate these signs of poor self control to financial

variables of interest.

2.2 Behavioral Indicators and Housing and Mortgage Outcomes

The behavioral indicators which I have shown to be correlated with a person’s degree of self

control in the HRS are also available in the Panel Study of Income Dynamics (PSID). In

8The exact formular is BMI = mass(kg) / height(m)2. According to the U.S. Department of Health &
Human Services, a person is classified as underweight for a BMI < 18.5, normal for for a 18.5 ≤ BMI < 25,
overweight for 25 ≤ BMI < 30, and obese for BMI ≥ 30. I use the same classification.
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particular, since wave 1999 information about smoking, drinking, exercising as well as height

and weight have been added to the survey. In order to use as recent data as possible while

avoiding the huge disruptions in the housing market in later years I therefore use wave 2005

to construct my sample.9

Taking into account that in the PSID I now have data over the whole life cycle I redefine

some of the behavioral indicators. The smoking indicator is now set to one if a person

currently smokes. Moreover, alcohol consumption is now represented by a dummy that

indicates if an individual has more than 2 drinks a day. Furthermore, the dummy of no

regular exercise is defined as less than once a week light exercise that leads to moderate

increases in heart rate. Table (3) shows the distribution of the indicators.

In this paper I analyze the effects of temptation and self control on the housing and

mortgage choice. I am therefore interested in the portfolio choice of households, in particular

the housing and leverage positions that housholds take as well as their overall savings behavior

and the share of illiquid assets in overall net worth. Table (4) gives descriptive statistics of

these variables.

Table (5) shows condtional correlations of the behavioral indicators with these financial

variables of interest. As before, I control for standard demographic characteristics of the

households. Moreover, all my behavioral indicators are health related and bad health could

affect income expectations as well as both current and future health expenditures. Since

this in turn would affect the investment behavior I also control for health in the regression.

The results show that people who show signs of lower self control tend to have lower overall

net worth and a higher share of illiquid assets. If they own a house then it is typically less

valuable and they tend to have a higher loan-to-value ratio. This is true even after controlling

for income.10

9As a robustness check I conduct my analyses also on the other waves. Appendix A.2 contains a detailed
description of the sample selection, variable definition, and robustness checks.

10In order to get a more detailed picture of the portfolio choice I also ran the analysis additionally controlling
for net worth in the regressions. See appendix A.2 for details about all robustness checks.
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I therefore conclude that there is unexplained variation in the housing and mortgage

positions that is significantly correlated with behavior typically associated with lack of self

control. In the rest of the paper I therefore build a formal model that allows agents to have

a problem of self control and which can explain the observed behavior. Moreover, I use this

model to analyze the welfare effects of two policy experiments and document significantly

different outcomes compared to models where self control is not taken into account.

3 Dynamic Self Control Preferences

In this paper I allow agents to be present biased. In particular, I assume that households have

Dynamic Self Control Preferences (Gul and Pesendorfer, 2001, 2004). Before applying these

preferences to a life-cycle model of housing and mortgages, in this section I first describe the

preferences and its main driving forces. It is important to keep these results in mind when

analyzing the life-cycle model of portfolio choice.

Dynamic Self Control (DSC) Preferences capture the idea that agents are subject to

temptation and suffer from costs of self control if they want to resist this temptation. In this

paper, agents receive utility from nondurable consumption C and housing services H. The

detailed functional form of the per period utility is as follows:

U(C,H) = u(C,H) + λ ·
(
u(C,H)− max

{C̃,H̃}∈B
u(C̃, H̃)

)
(1)

It can be seen that the per period utility consists of two terms. The first term refers to

the felicity the agent receives from consuming a consumption bundle {C,H}. The second

term shows that the agent has to exercise self control in order to implement this choice of

consumption bundle. In particular, the agent is always to tempted to maximize her current

period utility, i.e. to choose the consumption bundle {C̃, H̃} within her budget set B that

would render the highest felicity in this period. However, agents typically do not maximize
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their current felicity but instead maximize their discounted life-time utility. Hence, the term

in parentheses is typically negative and represents the costs of exercising self control. The

parameter λ governs how severe the temptation is. This is the central parameter to this

specification of DSC preferences. If λ is equal to zero then the second term drops out and

per period utility simplifies to standard preferences without problems of self control. As λ

increases, however, the problem of self control becomes more severe.

It is important to notice that DSC preferences are defined not only over the actually chosen

consumption bundle but over the whole budget set B. Specifically, the most tempting option

within the budget set directly enters the utility. In order to understand the behavior of DSC

agents it is therefore crucial to understand how their current actions affect their future budget

sets and hence their future costs of self control. In order to understand the driving forces of

DSC preferences it is instructional to analyze a simple dynamic optimization problem with

the following Bellman equation:

V (X) = max
{C,H}∈B

U(C,H) + β · V (X ′)

= max
{C,H}∈B

u(C,H) + λ ·
(
u(C,H)− max

{C̃,H̃}∈B
u(C̃, H̃)

)
+ β · V (X ′) (2)

where X is available cash-on-hand that follows a law of motion X ′ = g(X,C,H). Assume

for the time being that both choice variables C and H are purely continuous so that we can

analyze the following Euler Equation:

− (1 + λ) · ∂u(C,H)

∂Z

= β · ∂g(X,C,H)

∂Z
·

[
∂u(C ′, H ′)

∂Z
+ (1 + λ)

(
∂u(C ′, H ′)

∂Z
−
∂max{C̃′,H̃′}∈B′ u(C̃ ′, H̃ ′)

∂Z

)]
(3)

where Z ∈ {C,H} is a continuous choice variable. From equation (3) we see that the

problem of self control has two effects on the behavior of DSC agents: First, as can be seen
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on the left-hand-side, the marginal utility of giving up consumption is increased which makes

the agent effectively more impatient.11 This effect is what I refer to as impatience effect.

Second, on the right-hand-side, the effects of current choices on future costs of self control

enter the optimality condition. In particular, the agent takes into account how her choices

affect her future temptation through effects on her future budget set B′. I call this second

effect anticipation effect. Note that in this illustrative example I only focused on continuous

choice variables. This second effect will become even more important, however, when discrete

choices are considered such as buying a house instead of renting or defaulting on a mortgage.

The reason is that these discrete choices lead to non-convex changes in future budget sets.

From the introduction of DSC preferences in this section we thus make two observations.

First, the preferences are defined on the whole budget set of the agent, not only on the

actions actually taken. It is hence crucial to identify the most tempting option in the choice

set since all possible actions are evaluated against this temptation. Second, there are two

driving forces behind DSC preferences: an impatience effect and an anticipation effect. The

optimal decision will trade off these two effects.

4 Life-Cycle Model of Housing and Mortgages

The model I use to analyze the effects of present bias on the housing and mortgage choice

is a life-cycle model of optimal household behavior. The agents optimize their consumption

and portfolio choices over the life-cycle for given prices.12 All agents are born in period t = 1

and live for T periods. They work for the first TR periods of their lives and are in retirement

for the last T − TR periods.

There are three types of assets in this model: Liquid savings S, houses H, and mortgages

11An equivalent way of expressing this effect would be to divide the equation by (1+λ) so that the effective
discount factor would be β/(1 + λ) ≤ β.

12Throughout the paper I will use the terms agent and household interchangebly since I abstract from
inter-household optimization.
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M . Liquid savings are risk free and can be used for saving. However, there is no unsecured

borrowing in this model so liquid savings can never be negative. The second type of assets,

houses, serve two purposes. On the one hand, agents receive utility from consuming housing

services. On the other hand, houses are an illiquid form of investment. The illiquidity is

modelled in the sense that agents cannot sell their house immediately. Instead, if they decide

to sell their house this transaction will only take place with a delay of one period. This

is in contrast to liquid savings which can be spend immediately. The third class of assets,

mortgages, can be used to finance the purchase of a house. These mortgages are modelled

as fixed rate mortgages so that the repayment schedule is explicitly modelled.13 As with the

house size, the agents have a truly continuous choice of mortgage size but have to satisfy two

constraints: First, there is a loan-to-value constraint (LTV) such that the agent can only

borrow up to a certain fraction of the house value. The second constraint is a loan-to-income

constraint (LTI) which restricts the fixed mortgage payment to be smaller than a maximum

fraction of the agent’s income.

The only source of uncertainty in the model is idiosyncratic shocks to the household

income. The income process is modelled following Carroll (1997) to feature both permanent

and transitory shocks around a deterministic, hump-shaped life-cycle profile. The income

process during working life has hence the following form:

Yit = Ȳit · Vit (4)

Ȳit = Gt · Ȳit−1 ·Nit , t = 1...TR (5)

The income Yit of household i in period t can be decomposed in a permanent income com-

penent Ȳit and a mean one transitory shock Vit ∼ logN(−σ2
V , σV ). The permanent income

13While I chose to model mortgages as the traditional 30-year fixed rate mortgages I still allow for low
down payments. Agents can hence choose to have a very low initial payment at the cost of higher payments
later on. This kind of repayment schedule would be typical for so-called subprime mortgages.
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component follows a random walk with drift, where Gt determines the hump-shaped life-cycle

profile and Nit ∼ logN(−σ2
N , σN) is an idiosyncratic permanent shock.14 During retirement

there is no income uncertainty anymore and the agents receive a fraction ς of their permanent

income in the last working life period:

Yit = ς · ȲiTR , t = TR + 1...T (6)

The choice set of the agents differs substantially whether they own a house or not. If

they do not own a house, they can either keep renting or they can buy a house. If they have

a house, on the other hand, they have the possibility to either keep their house and keep

repaying their mortgage, refinance their mortgage, default on their mortgage, or sell their

house.15 In the next subsections I will describe the different optimization problems in detail.

4.1 Problem of a Renter

If the agent enters the period as a renter she has the choice to keep renting or to buy a house.

If she keeps renting she solves the following optimization problem:

V rent
t (Xt) = max

St,Ht

U(Ct, Ht) + β · E
[
V noh
t+1 (Xt+1)

]
(7)

s.t. Ct = Xt − St − PR
t ·Ht (8)

Xt+1 = St(1 + rS) + Yt+1 (9)

14Since this model is a model of optimal household behavior, period t is at the same time a specific age of
the household since all agents are born in period t = 1. For simplicity, I will express all equations in terms
of t but could equivalently be written in terms of age.

15In reality, another option of home owners is to access their home equity by taking out a home equity
line of credit (HELOC). However, Campbell and Hercowitz (2009) find in data from the Survey of Consumer
Finances in the years 1983-2001 that the total use of this product never exceeded 1.5 percent of the home
value. At the same time, almost half of all outstanding mortgages in 2001 had already been refinanced. Since
in my model I abstract from changing mortgage rates, the purpose of both refinancing and HELOC would
be to extract home equity. I therefore chose to model only the more widespread option.
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Given the only state variable cash-on-hand Xt she has two continuous choice variables: Sav-

ings St and house size to be rented Ht. Equation (8) determines the implied nondurable

consumption Ct where PR
t is the rental price of one unit of housing services. Next period,

the agent will enter the period still without a house and with cash-on-hand Xt+1 which is

determined according to the law of motion in equation (9), where rS is the interest rate on

liquid savings.

If the agent chooses to buy a house instead of renting, her optimization problem is the

following:

V buy
t (Xt) = max

St,H̄,Mt

U(Ct, H̄) + β · E
[
V house
t+1 (Xt+1, H̄,Mt+1, 1)

]
(10)

s.t. Ct = Xt − (1 + δB) · PH
t · H̄ + (1− δM) ·Mt − St (11)

Mt ≤ φv · PH
t H̄ (12)

Mt ≤ φy · Ȳt (13)

Xt+1 = St(1 + rS) + Yt+1 (14)

Mt+1 = Mt(1 + rM) (15)

There are now three continuous choice variables: liquid savings St, the size of the house to

buy H̄, and the size of the mortgage Mt. It can be seen from equation (10) that the house

size enters the utility function directly, i.e. that one unit of house gives exactly one unit of

housing services. Equation (11) determines the implied consumption level where PH
t is the

current house price and δB and δM are proportional transaction costs for buying a house and

for taking out a mortgage, respectively. Equations (12) and (13) represent the restrictions

on the mortgage size: The ratio of mortgage to house value cannot exceed the fraction φv

which is the maximum loan-to-value ratio. Moreover, the loan-to-income restriction implies

that the mortgage balance must not exceed a multiple φy of the agent’s current permanent

income. Equations (14) and (15) lastly give the laws of motion for cash-on-hand and the
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mortgage balance, respectively. Note that in the period in which the mortgage is taken out

there is no mortgage payment to be made such that next period’s mortgage balance is equal

to the current balance subject to the mortgage rate rM .

Finally, the decision to buy a house or to keep renting is determined by which behavior

renders the higher value. The value of entering the period without a house can hence be

summarized as follows:

V noh
t (Xt) = max

[
V rent
t (Xt), V

buy
t (Xt)

]
(16)

4.2 Problem of a Homeowner

An agent who enters the period as a homeowner has four different possibilities: she can keep

the house and keep repaying her mortgage, she can refinance her mortgage, decide to sell the

house, or default on her mortgage. If she decides to keep her house and keep repaying her

mortgage then she has to solve the following optimization problem:

V repay(Xt, H̄,Mt, a) = max
St

U(Ct, H) + β · E
[
V house(Xt+1, H̄,Mt+1, a+ 1)

]
(17)

where Ct = Xt −Q(Mt, a)− St (18)

Xt+1 = St(1 + rS) + Yt+1 (19)

Mt+1 = (Mt −Q(Mt, a))(1 + rM) (20)

She enters the period with four state variables: cash-on-hand Xt, the size of her house H̄,

the balance of her outstanding mortgage Mt, and the age of her mortgage a (the number of

periods since the mortgage has been originated). The agent makes the mortgage payment Q

which is required to repay the mortgage on schedule. Since both the term of the mortgage and

the mortgage rate are fixed, the mortgage payment is uniquely determined by the outstanding
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mortgage together with the age of the mortgage according to the following formula:16.

Q(M,a) =
M

1 + rM
· κa , a ≥ 1 (21)

where κ1 =
rM

1− (1 + rM)−τ
(22)

κa =
κa−1

1 + rM − κa−1

, a = 2, ...τ (23)

κa = 0, a > τ (24)

where τ is the fixed term of the mortgage.

The only choice variable in this situation is the amount of liquid savings St. Next period

she will hence enter with the same house but a lower mortgage balance (equation (20)) which

is one period older.

If the agent decides to refinance her mortgage, however, she faces the following optimiza-

tion problem:

V ref (Xt, H̄, M̄) = max
St,Mt

U(Ct, H̄) + βE
[
V house(Xt+1, H̄,Mt+1, 1)

]
(25)

s.t. Ct = Xt + (1− δM)Mt − M̄ − St (26)

Mt ≤ φv · PH
t H̄ (27)

Mt ≤ φy · Ȳt (28)

Xt+1 = St(1 + rS) + Yt+1 (29)

Mt+1 = Mt(1 + rM) (30)

She has to choose the optimal balance of a new mortgage and liquid savings based on her

state variables cash-on-hand Xt, the house size she owns H̄ and the old mortgage balance

outstanding M̄ . She repays this existing mortgage and takes out the new one subject to

16For a derivation of this formula see Appendix B
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transaction costs (see equation (26)). As in the case when she buys a house, the new mortgage

balance has to satisfy both LTV and LTI constraints (equations (27) and (28), respectively).

Next period, she will enter with the same house but a new mortgage which will be one period

old. Note that the agent does not have to take out a new mortgage if she decides to refinance.

Instead, she can choose to simply repay her mortgage and not to take out a new one.17

The third possibility of a home owner is to sell her house. As mentioned earlier, houses

are illiquid assets which cannot be sold immediately. Instead, the agent has to decide to sell

the house in the current period, but the transaction only takes place with a delay of one

period. In other words, the house is sold during the transition from the current period to the

next. In particular, this implies that in the current period, the agent still has to make the

mortgage payment required to repay the mortgage on schedule. Next period, she will then

enter as a renter with her cash-on-hand increased by the proceeds from selling the hosue. In

detail, the problem of an agent who sells her house is the following:

V sell(Xt, H̄,Mt, a) = max
St

U(Ct, H̄) + βE
[
V noh(Xt+1)

]
(31)

s.t. Ct = Xt −Q(Mt, a)− St (32)

Xt+1 = St(1 + rS) + Yt+1 + (1− δS)PH
t+1H̄ − (Mt −Q(Mt, a))(1 + rM) (33)

From equations (31) and (32) it can be seen that in the period the agent decides to sell,

she still gets utility from her house and she also still has to make the required mortgage

payment. Equation (33) details the law of motion for cash-on-hand which is increased by the

proceeds from the house sale after transaction costs δS and after repaying the outstanding

mortgage. Note that the agent will enter the next period as a renter and will be able to buy

another house immediately. In particular, if she wants to upsize or downsize she can do that

by deciding to sell in this period and by buying the desired house size next period.

17This is equivalent to taking out a new mortgage with zero balance.
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The last option of a home owner is to default on her mortgage. If she decides to do so

five things happen. First, she immediately loses her house and hence has to rent in this

period. Second, she suffers from the stigma of defaulting which reduces her utility in the

period of default. Third, her mortgage balance is set to zero so that she does not have any

debt anymore. Fourth, she will be excluded from the housing market for a random number of

periods. Lastly, if she had positive home equity in the house prior to default, she will receive

the proceeds from the house sale next period if there is anything left after the mortgage has

been repaid. However, since the sales price of a foreclosed home is typically lower than for a

normal sale, the transaction costs will be much higher in the case of default than in the case

of selling. The detailed optimization problem of a defaulting household looks as follows:

V def (Xt, H̄,Mt) = max
St,Ht

U ((1− η)Ct, (1− η)Ht) + β
(
(1− ω)E [V ex(Xt+1)] + ωE

[
V noh(Xt+1)

])
(34)

s.t. Ct = Xt − PH
t ·Ht − St (35)

Xt+1 = St(1 + rS) + Yt+1 + max
[
0, (1− δD)PH

t+1H −Mt(1 + rM)
]

(36)

where η is the stigma effect which reduces the utility agents receive from consumption in the

period of default. From equation (34) it can be seen that the agent will reenter the housing

market only with probability ω. With probability (1 − ω), however, the agent will still be

excluded next period and hence does not have the option to buy a house:

V ex(Xt) = max
St,Ht

U(Ct, Ht) + β
(
(1− ω)E [V ex(Xt+1)] + ωE

[
V noh(Xt+1)

])
(37)

s.t. Ct = Xt − PH
t ·Ht − St (38)

Xt+1 = St(1 + rS) + Yt+1 (39)

Overall, just like in the case of a renter, a home owner will choose the option which gives
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the highest value:

V house
t (Xt, H̄,Mt, a) = max

[
V repay
t (Xt, H̄,Mt, a), V ref

t (Xt, H̄,Mt),

V sell
t (Xt, H̄,Mt, a), V def

t (Xt, H̄,Mt)
]

(40)

5 Parametrization

Table (6) contains all parameter values used in the benchmark model. Note that the shown

values are annual values. My model period is 3 years. Agents are born at age 20 and live for

exactly 20 periods, i.e. until age 80.

Self Control Parameter In order to do comparative statics on the self control parameter

λ I need to decide which range of the parameter is of interest. To get a feeling for this

magnitude I conduct a small thought experiment. Suppose there is an agent who lives 3

periods (periods 0, 1 and 2). At the beginning of period 0 she receives her only endowment

and has to decide how much to consume in each period. For simplicity there is no risk, no

interest on savings and the agent doesn’t discount the future. The agent has DSC preferences

and hence suffers from costs of self control both in period 0 and period 1.18 Now suppose

the agent is offered a commitment device which enables her to commit to a certain level of

savings in period 1. With this commitment device she can hence completely avoid any costs

of self control in period 1. How valuable would such a device be?

Figure (2) shows how much life time consumption the agent would be willing to forego

to have access to this commitment device as a function of her self control problem λ. We

see that an agent with λ = 1 would be willing to give up more than 10% of her life time

consumption to avoid temptation in period 1. An agent with λ = 0.5 would still give up

18As in the main model the felicity function is assumed to be CRRA so that the agent will always save to
avoid zero consumption.
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more than 6%. Both numbers seem implausibly high. Based on the results of this thought

experiment I will hence consider λ ∈ [0, 0.25] as a plausible parameter range.

Other Preference Parameters Most of the preference parameters cannot be directly

observed in the data. These parameters have to be matched by calibration. In particular,

these are the parameters to be calibrated: risk aversion parameter (σ), the discount rate (ρ),

and the stigma effect (η). The only preference parameter which can be set exogenously is

the weight of housing services in the utility function (θ). Due to the functional form of the

felicity function, I know that for a standard agent, the weight will be equal to the optimal

expenditure share on housing. Piazzesi et al. (2007) estimate this expenditure share on data

from the Consumer Expenditure Survey. I therefore set θ equal to their estimate of 0.2.

Market Environment The risk free rate is set equal to the mean real rate on 3-month US

treasury bills, adjusted for growth in the economy. The mortgage rate is set to the mean real

rate on 30-year conventional fixed rate mortgages. The house price growth rate is set equal

to zero in order to adjust for the fact that in my model there is neither growth in income nor

risk in the house price.

Davis et al. (2008) find that the mean rent-price-ratio is around 0.04 − 0.05 using data

from the Decennial Census of Housing. Since the rent-price-ratio tends to decrease towards

the end of their sample (1960 - 2000, extrapolation until 2005) I set PR equal to 0.04.

For the transaction costs when buying or selling a house I refer to Hsieh and Moretti (2003)

who find that the commission charged by real estate agents is 6% of the sales price. I assume

that these costs are shared equally between seller and buyer and hence set δB = δS = 0.03.

Campbell et al. (2011) further study the discount that applies when a house is sold after

foreclosure and find that the sales price is 27% lower on average than the price for a normal

sale. I hence set δD = 0.27. To set the transation costs of taking out a mortgage I consider

two studies: Berndt et al. (2012) report the mean fee paid to the mortgage broker to be 3.1%
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of the principal amount for subprime mortgages during the period 1997 - 2006. Woodward

and Hall (2012) find a similar number in their sample of FHA insured mortgages in 2001. I

therefore set the transaction costs for taking out a mortgage to be δM = 0.03.

The LTV and LTI restrictions are crucial for the mortgage choices in my model. To set

their benchmark values I turn to official regulations in the US. For home buyers to be eligible

for FHA insurance, they have to at least invest 3.5% of own funds into the purchase (see US

Department of Housing and Urban Development (2011)). I use this value as the minimum

down payment requirement. Furthermore, for home buyers to qualify for FHA insurance,

the FHA requires a mortgage payment-to-income-ratio of at most 31% and the ratio of total

obligations-to-income not to be higher than 43% (see US Department of Housing and Urban

Development (2011)). Since mortgage debt is the only debt in my model, I choose to set the

maximum LTI constraint in accordance with the latter number. Lastly, if a house is foreclosed

by law this event will remain on the credit report of the home owner for 7 years (see Fair

Credit Reporting Act (Federal Trade Comission, 2011)). I therefore set the probability of

leaving the exclusion state such that in expectation the agent is excluded for 7 years.

6 Self Control and Housing and Mortgage Choice

In this section I describe the effects of temptation and self control on the portfolio choice

over the life-cycle, in particular on the housing and mortgage choice. I will show that the

model can replicate the empirical correlations between the self control indicators and financial

variables of interest. Moreover, table (3) displays the empirical age profiles that the model

aims to match.19

In a first step, the results of the benchmark model will be discussed in detail. Afterwards

I will describe the results of two policy experiments. First, I will discuss the effect of an

19See appendix C for how these profiles have been constructed.
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increase in the minimum down payment restriction. As a second policy experiment, the

effects of restricting the possibility to refinance will be discussed.

6.1 Results of the Benchmark Model

Figure (7) shows the mean life-cycle profiles of several variables of interest for different degrees

of the problem of self control. In all graphs the thick solid line depicts the behavior of the

standard agents (λ = 0), the dash-dotted line for a small problem of self control (λ = 0.10),

the thin solid line for a slighly stronger problem (λ = 0.15) and the dashed line shows the

mean behavior of agents with a severe problem (λ = 0.25).

In panel (a) we can see that the overall net worth decreases for all age groups as the

problem of self control increases. It implies that overall the impatience effect dominates the

opposing anticipation effect so that the agents save less. This result directly corresponds to

the empirical finding that people with signs of poor self control tend to have lower net worth.

Compared to the empirical age profile in panel (a) of figure (3) we see that the simulated

level of net worth comes close to the empirical level throughout working life, at least for no

or only moderate levels of the problem of self control. During retirement, on the other hand,

the data profiles indicate that the net worth decreases much more slowly than in the model.

However, the specific circumstances in retirement, such as increased health expenditure risk

or bequest motives, are not modelled. The model hence cannot be expected to closely match

the profiles during this specific period in life.

Panel (b) plots the ownership rates for the different degrees of self control problem. In

the benchmark model where refinancing is possible at all times, the ownership rate declines

with the problem of self control. The reason for this is twofold. First, a house is less

useful for an agent with self control problems from the utility perspective. Standard agents

buy a house because the rent-price ratio combined with the utility stream from the house

overcompensates for foregone interest gains, transaction costs and suboptimal house size. For
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agents with a problem of self control, however, the future stream of utility is less useful due

to the impatience effect. Moreover, since refinancing is possible at any time, the home equity

in the house is not illiquid after all. While there are transaction costs when refinancing to

a different mortgage, these transaction costs are small and the majority of home equity is

accessible at any time. For agents with a problem of self control this implies that investing

in a house rather than liquid savings hardly decreases the temptation that they are facing.

In a world with refinancing, the utility of the house hence decreases while the temptation

remains practically unchanged. Second, buying a house and taking out a mortgage requires

a down payment as well as transactions costs which lead to high costs of self control in the

purchasing period since this money could be used to increase current utility. The threshold

for buying a house in terms of available cash-on-hand hence increases with the problem of

self control so that only richer households own houses.

The mean optimal house size for home owners is shown in panel (c). We already know

from panel (a) that overall the agents save less the stronger the problem of self control so that

the optimal retirement savings are lower. Moreover, I have just argued that the discounted

utility from the house is lower the more severe the problem of self control. It is hence not

surprising that in the second half of life the house size decreases as the problem of self control

gets stronger. What has to be clarified is the reason why the house value is higher in the

first half of life. First of all, I have just explained that the mean wealth of agents who buy a

house increases with the problem of self control. If people are richer they tend to spend more

on housing and hence the mean house value increases. Furthermore, recall that DSC agents

suffer from huge costs of self control whenever they buy a house since they are tempted to

buy a very big house with minimum down payment. Most importantly, they have to face

these huge costs of self control whenever they want to upsize. This is the reason why they

tend to buy a bigger house right away and then upsize much less frequently (see panel (d)).

Panel (e) deals with the mean loan-to-value ratio that the home owners have at each
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point in their life cycle. It is clearly to be seen that the loan-to-value ratio increases with

the problem of self control. In other words, agents tend to hold bigger mortgage for a given

house size. This is in line with the empirical findings that the self control indicators are

positively correlated with LTV of home owners. The reason for increasing LTV ratios is that

a higher mortgage ceteris paribus implies a lower down payment and hence lower costs of

self control when taking out the mortgage. Due to the impatience effect of the self control

problem a higher LTV is hence beneficial for DSC agents. Moreover, since refinancing is

possible in each period, refinancing to extract the home equity will be the most tempting

option in most situations. In particular, the size of the existing mortgage or the implied

mortgage payment will not influence this temptation much. The anticipation effect, which

could otherwise dampen the impatience effect, hence doesn’t play a big role when agents

choose their mortgage. Notice again that early in life the effect of the self control problem

is not strictly monotonic since the composition of home owners differs greatly for different

degrees of self control problem. Also note that overall, the level of simulated LTV seems

slightly lower than its empirical counterpart (see figure (3), panel (b)), especially for the

standard agent and low levels of the problem of self control.

Finally, panel (f) depicts the mean share of home equity in overall net worth over the

life cycle.20 However, in the benchmark model refinancing is possible in each period so that

home equity is always accessible. The depicted ratio hence does not refer to the illiquid

share. While the figure shows that the share of home equity decreases with the degree of the

problem of self control, this should not be compared to the empirical correlation of self control

indicators and the illiquid share. This comparison will only be meaningful once refinancing

is restricted. I will get back to this point in the discussion of the second policy experiment.

20The graph shows the mean profile for all agents, not only home owners. The reason for this choice is
that this profile is meant to be compared to the empirical correlation of signs of poor self control with the
illiquid share. This correlation is meaningful for all households.
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6.2 Increase in Minimum Down Payment Restriction

The first policy experiment is to increase the minimum down payment restriction to 20%.

Or in other words, the LTV restriction is tightened. For a standard agent this has only one

consequence: it reduces her choice set. A standard agent can hence never be better of due

to this restriction. Either, the agent would not have chosen a down payment smaller than

the new minimum requirement in the first place. In this case this agent’s welfare would not

be affected by the restriction at all. Or, on the other hand, if the agent would have chosen a

down payment smaller than the new requirement, then this agent would now be constrained

and hence worse off.

For agents who suffer from costs from self control this is not the only effect. Restricting the

down payment not only restricts their choice set. By doing so it also reduces the temptation

that they face. With a very low minimum down payment restriction they can in theory afford

to buy a very big house with hardly any down payment. If this minimum down payment

is increased, the temptation that they face is reduced dramatically in each period that they

consider buying a house or want to up- or downsize. Moreover, a tighter LTV restriction

implies that the agent can extract less home equity from their house through refinancing. This

again greatly reduces the temptation home owners face each period. DSC agents hence have

both positive and negative welfare consequences of a minimum down payment restriction.

Ex ante it is not obvious if the agents will be better or worse off.

Figure (5) shows the changed life cycle profiles under the tighter LTV regime. We can see

that the ownership rate is further decreased for agents with stronger self control problems

while the behavior of standard agents seems unaffected. The reason is that the increased

minimum down payment makes buying a house more costly for DSC agents since they suffer

from higher costs of self control when they are not spending this money on increasing current

utility. The changes in mean house size and LTV ratio for agents with self control problems

then result from the changed composition of the group of home owners. From panel (d) we
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can further see that the tightened LTV restriction qualitatively does not change the effects

on the home equity share. This again reflects that home equity is still mostly liquid.

Figure (6) shows the welfare effect of an increase to 20% minimum down payment against

the level of assets agents are born with (age 20). The welfare effect is shown as percentage

increase in expected discounted life-time utility due to the new restriction. If this value is

above zero the agent is hence better off, if it is negative she is worse off.

It can be seen that the welfare of the standard agent is not affected by this tightened

restriction. This implies that for the standard agent the new LTV restriction is not binding.

Agents with problems of self control, however, unambiguously benefit from a higher down

payment requirement. We have seen in figure (5) that the LTV restriction is indeed binding

for DSC agents since they are forced to change their behavior. Nevertheless, the reduction in

temptation more than outweighs the negative effects of this restricted choice set. The welfare

consequences hence differ significantly depending on whether agents suffer from temptation

and self control or not.

6.3 Restricting the Ability to Refinance

The second policy experiment is to remove the ability to refinance the mortgage. In this case

home equity is a truly illiquid asset since it can only be accessed with delay by selling the

house. For the standard agent the effect of this change is again unambiguous. Their choice

set is immensely restricted so that the standard agent can never be better off. Only in the

extreme case where she would never refinance at all could her welfare be unaffected.

For agents with a problem of self control this is again not the only effect. While they also

suffer from the much less smooth possibilities of adjusting their leverage, they now benefit

from removing the temptation of spending their home equity. By buying a house they can

effectively save without being tempted to spend all their savings each period. Houses hence

become much more attractive to agents with problems of self control. This is reflected in
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figure (7), panel (a) where we see that compared to the benchmark model now many more

agents with problems of self control buy houses. The costs of self control when making the

down payment seem to about balanced with the reduction in costs of self control when saving

in an illiquid asset. However, the usefulness of the utility stream from the durable good as

well as the lower level of optimal retirement savings remain unchanged. The house value

is therefore still decreasing in the problem of self control as can be seen in panel (b). This

result closely corresponds with the empirical correlation between signs of poor self control

and a lower house value.21

Turning towards the optimal LTV ratio we see in panel (c) that it is still increasing in the

degree of self control. Due to the impatience effect lower down payments remain beneficial.

Moreover, unless default is tempting, a higher mortgage payment serves as commitment for

saving. Financing the purchase of a house with a mortgage enables the DSC agent therefore

to save without incurring any costs of self control, as long as the mortgage and the implied

mortgage payment are not too high and make default tempting. Again this matches the

empirical observations.

Panel (d) shows that the home equity share in overall net worth is higher for agents with

problems of self control once home equity is truly illiquid. This is in line with the empirical

finding that self control indicators are positively correlated with the illiquid share in the

household portfolio. Investing in the illiquid asset greatly reduces the costs of self control

agents who suffer when they are saving. While they are tempted to spend all their liquid

savings each period they cannot immediately access their illiquid assets and hence cannot be

tempted to do so. This makes illiquid savings much more attractive as a vehicle for long-term

saving so that liquid savings are only used to smooth consumption in the short run.

Finally, Figure (8) shows the welfare consequences of the restriction of the possibility to

21In reality, refinancing is of course possible. However, refinancing a mortgage is unlikely to be as effortless
as modelled in the benchmark model. The true liquidity of home equity is hence likely to be between the two
extreme cases considered here. Nevertheless, all forces described here will be present in such an intermediate
setting so that all results remain applicable.
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refinance. While standard agents unambiguously lose about half a percent of expected life-

time utility, DSC agents are decidedly better off if home equity is truly illiquid and mortgages

serve as a commitment device. For agents with a relatively severe problem of self control,

this welfare gain can amount to more than 8% of their expected life-time utility. Taking

problems of self control into account hence crucially changes the welfare consequences of this

policy experiment.

7 Conclusion

In this paper I analyze how a problem of self control affects the housing and mortgage choice

of households. I show that empirically there is correlation between lack of self control and

the outcome of these decisions. I therefore build a formal life-cycle model and allow agents to

suffer from temptation and costs of self control. I show how this form of present bias affects

the optimal housing and mortgage decision over the life-cycle. In order to avoid limitations

due to a non-convex choice set I model both the housing and the mortgage size as continuous

choice variables while modelling a specific repayment schedule for the mortgages. I use this

model to analyze how financial regulation can affect the welfare of agents who suffer from

this type of present bias.

I find that agents with problems of self control overall accumulate less net worth through-

out their life. Moreover, they invest this net worth predominantly in illiquid assets. They

are less likely to be home owners as long as the home equity is easily accessible by refinanc-

ing. Once home equity is truly illiquid, agents who suffer from costs of self control benefit

from this illiquidity because it reduces the temptation to spend all their savings. In that case

mortgages also serve as a commitment device which enables these agents to save without hav-

ing to exercise self control. Once refinancing is restricted the ownership rate among agents

with costs of self control hence rises significantly. No matter if refinancing is possible or not,
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however, agents with problems of self control own smaller houses with a higher loan-to-value

ratio.

Regarding the possible scope for financial regulation I find that a minimum down payment

requirement improves the welfare of agents with problems of self control. While they face a

negative welfare effect due to a limited choice set this effect is overcome by the reduction in

the temptation that they suffer each time they change their housing position or are tempted

to extract home equity. Moreover, restricting the possibility to refinance makes home equity

a truly illiquid asset. The positive effect of avoiding costs of self control through housing and

mortgages more than outweights the negative effects of making the leverage position more

difficult to adapt. Agents with problems of self control are hence strictly better off without

refinancing while standard agents are unambiguously worse off. Both policy experiments

therefore reveal that the welfare effects differ substantially whether problems of self control

are taken into account or not. Since the models predictions fit correlations found in the data,

this paper suggests that taking problems of self control into account is crucial when thinking

about financial regulation or consumer protection in the housing and mortgage market.

It is important to remember that the model only looks at the optimal household behavior

without considering the response of other market participants like banks, rental markets or

the housing sector. In particular, the model abstracts from changing house prices or mortgage

rates. Both these features would add additional determinants, especially to the default and

refinancing behavior. Without further analysis it is therefore not clear if the specific welfare

effects obtained in this analysis generalize to a setting where equilibrium price effects are

taken into account.

Moreover, as seen in this analysis, there are both agents who gain and agents who are

harmed by restrictions set by financial regulation. In order to judge if a minimum down

payment restriction or the availability of refinancing is beneficial to society as a whole re-

destributive considerations and aggregate effects would have to be taken into account. The
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analysis in this paper does not aim to answer this question. What I want to stress here is

rather that even without considering equilibrium price effects agents with problems of self

control can benefit from financial regulation. This is strikingly different to standard agents

who can ceteris paribus never be better off if their choice set is restricted by financial reg-

ulation. Assessing welfare consequences of consumer financial protection can hence lead to

significantly different outcomes depending on whether problems of self control are taken into

account or not.
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A Details about Empirical Analysis

A.1 Health and Retirement Study (HRS)

The University of Michigan Health and Retirement Study (HRS) is a longitudinal panel

study that surveys a sample representative of the US population over the age of 50. It has

been running since 1992 and reinterviews the subjects every two years. Over the years, new

cohorts are added to keep the sample representative. It is important, however, that each

cohort contains individuals which are of age 50 or older. In each wave, the interview consists

of the main interview as well as a set of experimental modules which vary between the waves.

While all individuals answer the main questionnaire, each interviewee only answers a subset

of these test modules.

Wave 2010 contains a test module called “Personality” that asks the subjects to assess how

much self control they have. I obtain the data from this module and merge it to the RAND

HRS data set which is a user-friendly version of the HRS provided by the RAND Center for

the Study of Aging. The personality module was answered by overall 1251 individuals. Of

these individuals, only 18 are classified as underweight according to their BMI. Due to the

small size of this subsample I choose to drop those observations. Moreover, I drop another

12 observations because of missing data on some of the variables in my analysis. This leaves

a sample of 1221 individuals.

A.2 Panel Study of Income Dynamics (PSID)

The Panel Study of Income Dynamics (PSID) is a longitudinal household survey directed by

the University of Michigan that has been following families and their descendants since 1968.

Until 1997 families were reinterviewed each year and since then are interviewed biannually.

At the time of this change more information has been added to the survey, in particular data

about the families’ assets and wealth as well as health information. Regarding the health
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information, there have been addional changes to the questions asked since wave 2005.

A.2.1 Sample Selection

In this paper I am interested in the housing and mortgage decisions of households and

how these decisions are affected by problems of self control. I hence want to maximize the

information in my behavioral indicators. This means that I want to focus on waves 2005 and

later. At the same time, there have been huge disruptions in the housing market from 2007

onwards. Since this project does not aim to explain these disruptions the data from 2007 is

not ideal for my analyses. I hence use wave 2005 for my main analysis, but conduct robust

checks with respect to the other waves.

In my analysis I exclude observations which belong to the Survey of Economic Oppor-

tunity (SEO) sample which was added to the representative sample in order to increase the

information on low income households. Furthermore, I restrict the sample to families with a

male head. The reason for that is the special way in which PSID determines the head of a

household. In particular, as soon as there is a male adult living in the household he is head

irrespective of his income or position in the household. This implies that there are not many

families with female heads in the sample and that this group is a very special subsample.

Since there are not enough observations to conduct a separate analysis for this group I choose

to exclude them. Another very small and special group in the data is people with a BMI that

indicates that they are underweight. Since these are likely to suffer from a serious disease

and not a mere problem of self control I exclude these observations. This would give a sample

size of 3945 observations.

Moreover, I exclude observations with improbable or missing data. In particular, I exclude

families with total income, i.e. the sum of all labor income, pensions, and all transfers,

below the poverty guideline for a family of that size (228 observations).22 Furthermore,

22Poverty guidelines are a federal poverty measure which is used to determine financial eligibility of federal
programs. They are issued each year in the Federal Register by the Department of Health and Human Service
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I exclude observations who state that the value of their house is below 10,000 US$ (38

observations). I also drop observations with missing data on any of the variables in my

analysis (401 observations).

Lastly, I make two additional restrictions. First, I exclude households with negative

overall net worth (304 observations). The reason for this restriction is that the behavior of

these indebted households likely differs significantly from the behavior of normal households.

Second, I exlude observations with an illiquid share outside the interval [0, 1] (further 79

observations). In these cases either the illiquid net worth or the liquid net worth is negative,

even though the total net worth is positive. The illiquid share does therefore not purely reflect

investment preferences which is why I exclude these cases. I conduct robustness checks with

respect to these two restrictions.

The final sample therefore consists of 2895 observations, of which 2372 are home owners.

A.2.2 Variable Definition

Respondents in the survey are directly asked for the value of their house as well as the

principal outstanding on the first and second mortgage on that property. I use the sum of

the two mortgage principles as the measure for mortgage balance. The loan-to-value ratio

(LTV) is then computed as mortgage balance divided by house value.

The data for total net worth and for the illiquid share are obtained from the supplemental

wealth files. Total net worth is directly taken from the these files while the illiquid share is

constructed in the following way. Illiquid share is equal to the net value of all illiquid assets

divided by overall net worth. Illiquid assets consist of home equity, vehicles, retirement

accounts, other real estate, business and farming assets, other assets (such as life insurance)

minus other debt (such as student loans). Unfortunately, the categories of other assets and

other debt also include decidedly liquid assets such as bond funds and credit card debt. I

and can be obtained from their website.
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therefore conduct robustness checks where I exclude these categories from illiquid assets.

Income is defined as the total household income. That means that all components are

summed up for both head and wife. Components are labor income (including from business

or farm), pensions (including annuities and veterans’ pension) and transfer income (including

alimony). Note that all variables denoted in US$ are deflated to year 2000 using the Consumer

Price Index (CPI).

The health indicator is constructed as the number of chronic diseases head and wife have

been diagnosed with (sum of both partners), the categories are “0”, “1”, “2”, “3”, “4”, “≥ 5”.

Chronic diseases include arthritis, asthma, high blood pressure, cancer, diabetes, psychiatric

problems, heart attack, other heart problems, learning disorders, lung diseases, memory loss,

stroke, and other chronic diseases.23

A.2.3 Robustness Checks

Different Years I conducted the analyses described in the main text not only on my

main sample year, 2005, but on all waves 1999 - 2007. All results are robust throughout

all waves. It can be seen, however, that for the earlier waves (1999 and 2001) the results

are even stronger for the illiquid share (both smoking and BMI show significantly positively

correlations) while the LTV results are less strong in these waves (smaller magnitude but

still significant). This suggests that in the run-up to the crisis in the housing and mortgage

market problems of self control are even more strongly correlated with higher mortgages.

Higher mortgages lead ceteris paribus to higher LTVs and to lower home equity, hence to

somewhat lower illiquid shares in overall net worth.

Net Worth as additional control In the main analysis I do not control for net worth

when analyzing illiquid shares, house value or LTV ratio. In order to gain a more thorough

23I also conducted all analyses with self rated health instead of number of chronic diseases. The results
remain unchanged.
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picture of the effects of self control on the portfolio composition I also conduct the analyses

with net worth as additional control. This does not alter the positive correlation between

signs of a problem of self control and the illiquid share. Both with and without controlling for

net worth people who show these signs tend to have a higher illiquid share in their portfolio.

Once net worth is controlled for the correlation between LTV and self control is less strong.

It remains significant for wave 2005 but is not robust over all waves.

The most interesting insights are gained in the housing regression. Both with and without

controlling for net worth problems of self control are correlated with lower house values. Since

the illiquid share is higher and home equity is the most common illiquid asset this seems

puzzling at first glance. Further analysis reveals, however, that the likelihood of owning a

house for a given value of net worth is higher for people with a problem of self control. Hence

they are more likely to own a house but they then tend to own less valuable houses.

Include Indebted Households In the main analyses, households with negative total net

worth and households with illiquid shares outside [0, 1] were excluded. The reason for these

restriction is that households who are indebted can be expected to act systematically different

to households who have positive wealth. Moreover, if the illiquid share is outside [0, 1] then

either liquid wealth or illiquid wealth is negative which makes the interpretation of the ratio

difficult. In the main analysis I therefore exluded these observations. To see how robust my

results are to the restrictions I conduct the same analyses on an extended sample which also

includes indebted households and/or unconventional illiquid shares.

The results for overall net worth and the house value are hardly affected by this change.

The results for the illiquid share, on the other hand, only remain significant for the earlier

waves (1999 and 2001). However, the less strong results are not surprising since negative net

worth implies that the illiquid share does not even have to be close to the interval [0, 1] so

that the meaning of this variable becomes very unclear. The effects on the LTV are also fairly
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robust over the different waves if the indebted households are included. In the earlier waves

(1999 and 2001) the correlations are less significant but they remain strongly significant from

2003 onwards.

Alternative Definition of Illiquid Assets The way in which PSID collects data about

assets unfortunately groups both liquid and illiquid assets into the categories “other assets”

(both bond funds and life insurance policies) and “other debt” (both credit card debt and

student loans). If these two categories are excluded from the definition of illiquid assets

many more observations have negative illiquid assets which makes the interpretation of the

illiquid share difficult. This can explain why the conditional correlation between the behav-

ioral indicators and this object becomes insignificant unless the observations with an illiquid

share outside [0, 1] are excluded. If they are exluded as in the main analysis, however, the

correlation is again significantly positive (and robustly so over all waves).

B Derivation of Mortgage Payment

All mortgages in the model are fixed-rate mortgages. The fixed mortgage payment can hence

be calculated from the initial mortgage balance M0 according to the following formula:

Q = M0 rM
1− (1 + rM)−τ

(41)

where rM is the mortgage rate and τ the term of the mortgage.

Since the mortgage rates are modelled as fixed, in any period during the repayment phase

the mortgage payment can be recovered from the currently outstanding mortgage balance M

and the number of periods since the mortgage has been originated (the age of the mortgage
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a) according to the formula:

Q(M,a) =
M

1 + rM
· κa , a ≥ 1 (42)

where κ1 =
rM

1− (1 + rM)−τ
(43)

κa =
κa−1

1 + rM − κa−1

, a = 2, ...τ (44)

κa = 0, a > τ (45)

This formula can be derived in the following way: One period after the mortgage has

been originated (a = 1) the mortgage balance has evolved according to its law of motion

(equation (15)):

M1 = M0(1 + rM)

⇔ M0 =
M1

1 + rM

Substituting this in equation (41):

Q(M1, 1) =
M1

1 + rM
· rM

1− (1 + rM)−τ︸ ︷︷ ︸
κ1

=
M1

1 + rM
· κ1 (46)

Each period afterwards (a = 2...τ), the mortgage balance evolves according to the law of

motion in equation (20). Substituting equation (46) in this law of motion leads to the
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following relationship for a = 2:

M2 = (M1 −Q)(1 + rM)

= M1 ·
(

1− 1

1 + rM
κ1

)
(1 + rM)

= M1 · (1 + rM − κ1)

⇔ M1 =
M2

1 + rM − κ1

Substituting this formula for M1 back into equation (46) and remembering that the mortgage

payment is constant in each repayment period we obtain

Q(M2, 2) =
M2

1 + rM
· κ1

1 + rM − κ1︸ ︷︷ ︸
κ2

=
M2

1 + rM
· κ2 (47)

Successively substituting in the same way reveals that for a = 2...τ :

Ma = (Ma−1 −Q)(1 + rM)

= Ma−1 ·
(

1− 1

1 + rM
κa−1

)
(1 + rM)

= Ma−1 · (1 + rM − κa−1)

⇔ Ma−1 =
Ma

1 + rM − κa−1
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so that

Q(Ma, a) =
Ma

1 + rM
· κa−1

1 + rM − κa−1︸ ︷︷ ︸
κa

=
Ma

1 + rM
· κa (48)

Since the mortgage will be fully repaid after τ repayment periods, the mortgage payment for

mortgages older than τ periods will be equal to zero. In summary we obtain the formula in

equations (42) - (45).

C Data Profiles

For the data profiles I use data from the Survey of Consumer Finances (SCF) during the years

1989 - 2010.24 The profiles are constructed using a synthetic panel approach. This means

that I define cohorts as households with heads born in 3-year bins of birth years. For each

wave I compute weighted variable means for each cohort. These means are then combined

for all waves which results in a synthetic panel where I have one observation for each cohort

in each year.

Figure (9) plots the raw data where each line represents one cohort. It can be seen that

there are strong time effects in the levels of net worth, house value, and mortgage balance.

In particular, from waves 2007 to 2009 and 2010 there are strong changes in these values

for all cohorts. This is to be expected since there were huge disruptions in the housing and

mortgage market during the recent financial crisis which will affect all financial variables. It

is hence crucial to control for these time effects. Figure (3) shows the resulting age profiles

24The SCF weights are designed to correct for non-response while the PSID does not. Since non-response
is more common for wealthier households, wealthy housholds are typically underrepresented in the PSID. In
order to reconcile the income process from the PSID with wealth data from SCF I hence follow Heathcote
et al. (2010) and adjust the SCF sample to match the wealth distribution in the PSID by dropping the
wealthiest 1.47% of weighted observations (17.6% of unweighted observations) in each wave.
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when time effects are controlled for.25

I also constructed the age profiles controlling for (i) cohort effects and (ii) both time and

cohort effects. These specifications result in different age profiles than the ones shown in

Figure (3). However, for all variables related to housing it is crucial to appropriately account

for the recent crisis. Controlling only for cohort effects cannot do that. Moreover, when

controlling for both cohort and time effects, the literature typically assumes a steady state

view in the sense that time effects are modeled to be orthogonal to a time trend and to be

zero on average (Deaton and Paxson, 1994). Therefore, this approach is not able to account

for the strong crisis effects we observe in the end of the sample either.

25For the profile of the illiquid share in total net worth I restricted the individual observations to those
with positive total net worth. For indebted households this ratio does not reflect the preferences about the
liquidity structure of savings.
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D Tables and Figures

D.1 Tables

Table 1: Behavioral Indicators

%

Smoking
never smoked 44.31
smoked/smokes 55.69

BMI
normal 31.20
overweight 37.51
obese 31.29

Exercise
exercise regularly 68.80
don’t exercise 31.20

Alcohol consumption
don’t drink alcohol 49.55
drink alcohol 50.45

Observations 1221

Source: HRS and own calcula-
tions
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Table 2: Conditional Correlations in HRS

(1) (2)
general self control financial impulsivity

ever smoked 0.117** 0.095**
(0.049) (0.041)

BMI
overweight 0.102* 0.142***

(0.057) (0.049)
obese 0.191*** 0.200***

(0.061) (0.051)
no exercise 0.095* 0.041

(0.053) (0.045)
drinks alcohol 0.081* 0.124***

(0.049) (0.042)

Observations 1221 1221
R2 0.046 0.080

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in
parentheses.

Note: All models include additional control variables: age,
marital status, race, education, retirement status, and
income.
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Table 3: Behavioral Indicators

all obs home owners
% %

Smoking
don’t smoke 73.64 76.85
smoke 26.36 23.15

BMI
normal 20.79 19.39
overweight 46.87 48.10
obese 32.33 32.50

Exercise
exercise regularly 87.05 87.14
don’t exercise 12.95 12.86

Alcohol consumption
don’t drink much 72.37 75.00
drink much 27.63 25.00

Observations 2895 2372

Source: PSID and own calculations

Table 4: Financial Variables

all obs home owners
mean std.dev. mean std.dev.

net worth 372 1250 435 1364

house value 189 231 230 236

mortgage balance 75 99 92 103

income 76 106 83 114

illiquid share 0.82 0.22 0.85 0.18

Observations 2895 2372

Note: All variables except the illiquid share are in Tsd. US$.

Source: PSID and own calculations
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Table 5: Conditional Correlations in PSID

(1) (2) (3) (4)
log(net worth) illiquid share log(house value) LTV

smoke −0.396*** 0.001 −0.185*** 0.015
(0.062) (0.010) (0.036) (0.015)

BMI
overweight 0.013 0.012 −0.036 0.019

(0.063) (0.012) (0.038) (0.015)
obese −0.326*** 0.031** −0.137*** 0.076***

(0.073) (0.012) (0.042) (0.016)
no exercise −0.070 0.008 −0.047 0.003

(0.079) (0.012) (0.046) (0.017)
drink much −0.065 −0.002 −0.029 0.018

(0.059) (0.010) (0.033) (0.013)
log(income) 0.872*** −0.011 0.554*** 0.047***

(0.049) (0.008) (0.028) (0.010)

Observations 2895 2895 2372 2372
R2 0.479 0.081 0.345 0.363

* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.

Note: All regressions are OLS and include additional control variables: age,
marital status, race, education, number of family members and health in-
dicator.

Source: PSID and own calculations

49



Parameter Value Source

Preferences
degree of self control problem λ [0, 1]
risk aversion σ 2
discount rate ρ 0.04
weight of housing services θ 0.20 Piazzesi et al. (2007)
stigma effect η 0.1

Market Environment
risk free rate rS 0.01
mortgage rate rm 0.04 30 year convent. mortgage rate (FRED)
house price growth rate rH 0
initial house price PH

1 1
rental price - to - house price ratio ψ 0.04 mean rent-price-ratio, Davis et al. (2008)
transaction costs when buying δB 0.03 Hsieh and Moretti (2003)
transaction costs when selling δS 0.03 Hsieh and Moretti (2003)
transaction costs for mortgage δM 0.03 Berndt et al. (2012)
transaction costs when defaulting δD 0.27 Campbell et al. (2011)
expected years of exclusion 7 Fair Credit Reporting Act
income process Cocco et al. (2005)

minimum down payment φv 0.035 FHA requirement
max mortgage payment to income 0.43 FHA requirement

refinancing possible? yes

Table 6: Parameter Values in Benchmark Model
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D.2 Figures

Figure 1: Distribution of Self Control Measures
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Note: A higher value corresponds to a stronger problem of self control.

Source: HRS 2010 and own calculations.
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Figure 2: Willingness to Pay for Commitment
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Note: Willingness to pay for commitment in percent of life time consumption.
Preferences are DSC with CRRA felicity function (risk aversion parameter 2),
no risk, no interest on savings, no discounting the future.
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Figure 3: Empirical Age Profiles
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Note: The age profiles were constructed controlling for time effects.

Source: SCF 1989 - 2010 and own calculations.
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Figure 4: Mean Life-Cycle Profiles in Benchmark Model
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Figure 5: Mean Life-Cycle Profiles with Increased Miniminum Down Payment
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Figure 6: Welfare Effect of Increased Minimum Down Payment Restriction
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Figure 7: Mean Life-Cycle Profiles without Refinancing
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Figure 8: Welfare Effect of No Refinancing
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Figure 9: raw data profiles (synthetic cohort)
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Note: Only every third cohort is plotted. Each line reflects the values for one
cohort.

Source: SCF 1989 - 2010 and own calculations.
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