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We study the effect of monetary and fiscal policy in a heterogeneous-agent 
model where households have present-biased time preferences and naive beliefs. 
The model features a liquid asset and illiquid home equity, which households 
can use as collateral for borrowing. Because present bias substantially increases 
households’ marginal propensity to consume (MPC), present bias increases the ef- 
fect of fiscal policy. Present bias also amplifies the effect of monetary policy, but at 
the same time, slows down the speed of monetary transmission. Interest rate cuts 
incentivize households to conduct cash-out refinances, which become targeted liq- 
uidity injections to high-MPC households. Present bias also introduces a motive 
for households to procrastinate refinancing their mortgages, which slows down 

the speed with which this monetary channel operates. JEL codes: E21, E60, G51.

I. INTRODUCTION 

The idea that dynamically inconsistent preferences may al-
ter individuals’ dynamic choices has a long tradition going back
to seminal work by Strotz (1955) . A particular form of dy-
namic inconsistency, present bias, has received empirical sup-
port in laboratory and field studies (e.g., Ashraf, Karlan, and Yin
2006 ; Augenblick, Niederle, and Sprenger 2015 ; Laibson et al.
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forthcoming ; and the review by Cohen et al. 2020 ). Present bias
implies that the current self draws a sharp distinction between
a util that is experienced now versus a util experienced one time
unit in the future, but draws relatively little distinction between
a util consumed at any other two successive future dates ( Phelps
and Pollak 1968 ; Laibson 1997 ). 1 

The two most commonly used tools of macroeconomic stabi-
lization policy—monetary and fiscal policy—operate largely by
affecting household consumption and investment decisions, two
leading examples of the types of dynamic choices that are affected
by present bias. It is natural to ask whether and to what extent
present bias alters the potency of these policy tools. To answer
these questions, we develop and calibrate a heterogeneous-agent
consumption model to evaluate the effect of present bias on policy
outcomes. 

Our modeling framework is motivated in part by Campbell’s
(2006) concept of positive household finance: households face a
complex financial planning problem, and household behavior is
influenced by a range of psychological factors. Our model aims
to capture the complexities of household balance sheets that are
important for the transmission of monetary and fiscal policy, as
well as the channels through which present bias interacts with
these balance-sheet features. 

We set the model in partial equilibrium to focus on the details
of the household problem. Time is continuous, and we compare
the exponential-discounting benchmark to a tractable and empir-
ically realistic continuous-time limit of present-biased discount-
ing. In addition to present bias, we assume that households have
naive beliefs, meaning that households do not foresee their own
future present bias ( Strotz 1955 ; Akerlof 1991 ; O’Donoghue and
Rabin 1999 ). Modeling present bias in continuous time builds on
the foundational work of Barro (1999) and Luttmer and Mariotti
(2003) , and our specific approach follows Harris and Laibson
(2013) . 

The household budget constraint includes stochastic autocor-
related labor income and interest rates. On the asset side of the
household balance sheet, the model features a liquid savings ac-
count and an illiquid home. Households can build a buffer stock of
1. We use “present bias” to refer to quasi-hyperbolic discounting. Other com- 
mon terms are: “β − δ preferences” in discrete-time models, and “Instantaneous 
Gratification preferences” in continuous-time models. 
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iquid wealth to insure against income fluctuations and can accu- 
ulate home equity by paying down the mortgage. On the liabili- 

ies side of the balance sheet, households have access to two forms 
f debt: credit cards and mortgages. Households can borrow on 

redit cards up to a calibrated limit. If they have enough home eq- 
ity, they can also borrow against their home by refinancing their 
ortgage. We calibrate our heterogeneous-agent model to repro- 

uce two empirical regularities on household balance sheets: the 

verage quantity of credit card debt and the average loan-to-value 

atio in the housing market. 2 

To focus on the effects of mortgage refinancing, we study 

omeowners, a large fraction of the population: two-thirds of 
.S. housing units are owner-occupied. Homeowners represent 
n even larger fraction of aggregate income and consumption, 
nd homeowners are an important channel for fiscal ( Cloyne and 

urico 2017 ) and monetary policy ( Wong 2019 ; Cloyne, Ferreira, 
nd Surico 2020 ). 

Our main result is that relative to exponential discounting, 
resent bias amplifies the balance-sheet channels of both fiscal 
nd monetary policy, but with some important added subtlety in 

he case of monetary policy due to refinancing procrastination. 
Fiscal policy is powerfully enhanced by present bias, because 

resent bias sharply raises households’ average marginal propen- 
ity to consume (MPC) ( Angeletos et al. 2001 ). In our exponential 
enchmark model, the quarterly MPC is predicted to be 4% and 

he quarterly marginal propensity for expenditure (MPX), which 

ncludes spending on nondurables and durables, is predicted to be 

3%. In our present-bias benchmark, the MPC rises from 4% to 

4% and the MPX rises from 13% to 30%. These higher propen- 
ities to consume and spend are more consistent with the empir- 
cal literature: estimates of the quarterly response of nondurable 

xpenditure are on the order of 15%–25%, and estimates of the 
2. The version of our model with exponential discounting is similar to 
uerrieri, Lorenzoni, and Prato (2020) with two main differences: we assume that 
ousing is fixed while they model a costly housing adjustment decision, and our 
odel features credit card debt while theirs does not. Also see Mitman (2016) , 
erger et al. (2018) , Wong (2019) , Berger et al. (2021) , Kaplan, Mitman, and 
iolante (2020) , Kinnerud (2021) , and Eichenbaum et al. (2022) for related models 
f housing and mortgage refinancing decisions. Like us, Guerrieri, Lorenzoni, and 
rato (2020) and McKay and Wieland (2021) use the continuous-time methods of 
chdou et al. (2022) to solve their models. 
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quarterly response of total expenditure are typically two to three
times larger. 3 

Present bias also amplifies the overall effect of expansionary
monetary policy but slows the speed of monetary transmission
(an offsetting effect). Interest rate cuts incentivize households to
conduct cash-out refinances, which serve as targeted liquidity in-
jections to households with especially high MPCs (because they
are near their liquidity constraint). But present bias with naive
beliefs also introduces a motivation for households to procras-
tinate on refinancing their mortgage, which substantially slows
down the speed at which this channel operates. Naive present
bias implies that households will delay completing immediate-
cost, delayed-reward tasks such as mortgage refinancing, which
tends to take weeks and requires the borrower to go through
the effortful process of negotiating with lenders, gathering docu-
ments, and filling out paperwork. Naive households will keep de-
laying refinancing, all the while (counterfactually) believing that
the task will get done in the near future. 

A noteworthy feature of our model is that present bias ampli-
fies the direct effect of monetary policy on household consumption
while, at the same time, also delivering larger MPCs. This is in
contrast to standard heterogeneous-agent models, where model-
ing choices that amplify MPCs typically deliver smaller consump-
tion responses to interest rate changes ( Werning 2015 ; Olivi 2017 ;
Kaplan, Moll, and Violante 2018 ; Auclert 2019 ; Slacalek, Tristani,
and Violante 2020 ). 4 Our model instead delivers a larger respon-
siveness to monetary policy precisely because of the higher MPCs:
interest rate cuts incentivize households to conduct cash-out re-
finances, which become targeted liquidity injections to high-MPC
households. 

Although our model is stylized, the steady state of the
present-biased economy replicates a variety of empirical pat-
3. For nondurable spending estimates, see e.g. Johnson, Parker, and Souleles 
(2006) , Parker et al. (2013) , and the discussions in Kaplan, Moll, and Violante 
(2018) and Kaplan and Violante (2014) . For total spending estimates, see e.g. 
Parker et al. (2013) , Di Maggio, Kermani, and Majlesi (2020) , Fagereng, Holm, 
and Natvik (2021) , and the discussion in Laibson, Maxted, and Moll (2022) . 

4. This statement is made precise by Auclert (2019) and Olivi (2017) who show 

that in a standard one-asset consumption-saving problem, a household’s MPC is a 
“sufficient statistic” to determine both income and substitution effects of interest 
rate changes and, in particular, enters the substitution effect with a negative sign. 
See also the exposition in Slacalek, Tristani, and Violante (2020) . 
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erns from the household finance literature that have collectively 

roven difficult to replicate in models with exponential discount- 
ng. The present-biased economy generates empirically plausible 

evels of high-cost credit card borrowing by homeowners ( Zinman 

015 ), cash-out behavior, and loan-to-value (LTV) ratios. It also 

eatures a buildup of liquidity-constrained households that is 
onsistent with empirical estimates of households’ propensity to 

pend out of increases in credit card limits ( Gross and Souleles 
002 ; Agarwal et al. 2018 ). Present-biased households struggle to 

mooth consumption, resulting in a consumption function with 

iscontinuities at the borrowing constraint ( Ganong and Noel 
019 ). Present bias delivers larger MPCs and MPXs, as well as 
PCs and MPXs that remain elevated for large shocks ( Fagereng, 
olm, and Natvik 2021 ). 5 The time profile of consumer spend- 

ng is consistent with the intertemporal MPC evidence in Auclert, 
ognlie, and Straub (2018) (using data from Fagereng, Holm, and 

atvik 2021 ). The present-biased economy also generates differ- 
ntial MPCs out of liquid cash transfers versus illiquid home 

quity increases, a pattern shown empirically by Ganong and 

oel (2020) . Finally, there is a large literature documenting refi- 
ancing inertia: the proclivity for households to delay refinancing 

hen it is financially optimal to do so (e.g., Keys, Pope, and Pope 

016 ; Johnson, Meier, and Toubia 2019 ; Andersen et al. 2020 ). 
e show that present bias with naive beliefs provides a natural 
otivation for this behavior. 

One may wonder: what is specific to present bias? Why not 
ust calibrate a model with exponential discounting that gener- 
tes empirically realistic MPCs and use that for our policy exper- 
ments? The answer is twofold. First, such a model would not gen- 
rate the procrastination behavior just described. Second, in two- 
sset models like ours, high-MPC calibrations with exponential 
iscounting often make assumptions about interest rates that are 

ifficult to reconcile with the data. 6 In contrast, our calibration 
5. Besides present bias, other deviations from standard exponential discount- 
ng also have the potential to help match empirical MPCs. For example, Attanasio, 
ovacs, and Moran (2024) show that temptation preferences can help in this re- 
ard, and Lian (2023) shows that the anticipation of future mistakes can increase 
PCs. 

6. Specifically, such models often calibrate relatively low interest rates on 

redit card debt and/or relatively high returns on illiquid assets to generate the 
ow levels of liquid wealth accumulation and high levels of credit card borrowing 
hat are observed empirically. 
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with present bias delivers high MPCs with interest rates “taken
from the data.” We view this reconciliation as a step forward for
the heterogeneous-agent literature. 

Section II lays out our model of the household balance sheet.
Section III characterizes the effect of present bias on house-
hold consumption and refinancing decisions. Section IV discusses
our calibration and what it implies for the model’s steady state.
Section V presents our main results about macroeconomic stabi-
lization policy. Section VI concludes. 

II. A MODEL OF HOUSEHOLD FINANCES WITH PRESENT BIAS 

Our model is set in partial equilibrium. The goal of the model
is to capture household balance-sheet channels through which
present bias can affect fiscal and monetary policy. Abstracting
from general equilibrium considerations simplifies the analysis
and allows for a richer investigation of the institutional factors
that affect the household problem. Our partial equilibrium re-
sults should be interpreted as just one part of the overall macroe-
conomic analysis, providing inputs for a full general equilibrium
analysis. 7 

II.A. The Household Balance Sheet 

Our model focuses on homeowners. There is a unit mass of
households that are heterogeneous in their wealth and income.
Here we outline the evolution of each household’s balance sheet. 

1. Budget Constraints. Each household faces idiosyncratic
income risk. The household’s income is denoted y t , and y t follows
a finite state Poisson process. We normalize the average income
flow to one. 

Households hold three types of assets: liquid wealth b t , illiq-
uid housing h , and a fixed-rate mortgage m t . For simplicity we as-
sume that each household is endowed with a home of fixed value
7. We return to this theme in Online Appendix G, which briefly discusses 
how present bias may alter the transmission of macroeconomic policy in general 
equilibrium. 
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 . 8 The remainder of the household balance sheet evolves as fol- 
ows: 

˙ b t = y t + r t b t + ω 

cc b 

−
t − (r m 

t + ξ ) m t − c t , 1) 

˙ m t = −ξm t , 2) 

ubject to the borrowing constraint b t � b and the LTV constraint 
 t ∈ [0 , θh ] . Equation (1) characterizes the evolution of liquid 

ealth b t . Equation (2) describes the evolution of mortgage bal- 
nces. Explaining equation (1) , households earn income y t and 

ave a consumption outflow of c t . The return to liquid wealth is 
iven by r t b t + ω 

cc b 

−
t , where b 

−
t = min { b t , 0 } . ω 

cc > 0 is a credit
ard borrowing wedge, which generates a “soft constraint” at 
 = 0 ( Kaplan and Violante 2014 ; Achdou et al. 2022 ). The house-
old’s total mortgage payment is captured by (r m 

t + ξ ) m t . This is 
omposed of a mortgage interest payment ( r m 

t × m t ) and a prin- 
ipal repayment ( ξ × m t ). To economize on state variables, we 

ake the slightly nonstandard assumption that the household 

ays down its mortgage at a constant proportional rate ξ . The 

ore realistic assumption of a constant flow payment would re- 
uire an additional state variable. 

The borrowing constraint is important for our results, so we 

mphasize its effects here. In continuous time, the consumption 

ate c t is unconstrained for all b t > b : any finite rate of consump- 
ion can be adopted without violating the borrowing constraint, 
o long as that rate of consumption persists for a short enough 

eriod of time ( Achdou et al. 2022 ). However, at the liquid-wealth 

onstraint of b t = b the household is restricted to consume at a 

ate 

c t � y t + (r t + ω 

cc ) b − (r m 

t + ξ ) m t . 3) 

hat is, consumption features an occasionally binding constraint 
hen b t = b . 

Equations (1) and (2) characterize how the household’s bal- 
nce sheet evolves continuously. Households also have the option 

f paying a fixed cost to discretely adjust their mortgage. We pro- 
ide details of this discrete adjustment process, which includes 
he option to refinance, after outlining the interest rate process. 
8. We study only the short-run response to fiscal and monetary policy, and 
ouse prices are slow-moving over short horizons ( Case and Shiller 1989 ). Online 
ppendix D.2.1 presents an extension with house price shocks. 
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2. Interest Rates and Stimulus Payments. The real interest
rate is denoted r t . We assume that r t follows a finite state Pois-
son process. Because our goal is to study the effect of changes
in mortgage rates we treat r t as a long rate (e.g., 10-year TIPS).
When discussing monetary policy in Section V , we implicitly as-
sume that the Federal Reserve is implementing the necessary
short-rate adjustments to generate the corresponding changes in
long rate r t . Because this article studies the refinancing channel
of monetary policy, it is important that households have reason-
able expectations about how mortgage rates evolve over time. 9 

Our calibration of households’ interest rate expectations is dis-
cussed in Section IV.A . Each household pays a mortgage inter-
est rate r m 

t . To capture features of the U.S. mortgage market, this
mortgage rate is fixed until the household decides to refinance. At
the time of refinancing, the household switches to a new mortgage
rate of r m 

t = r t + ω 

m , where ω 

m represents the mortgage borrow-
ing wedge over the current interest rate r t . 

When discussing fiscal policy in Section V , we consider an un-
expected one-time stimulus payment to each household. Though
our analysis is set in partial equilibrium, we do impose a gov-
ernment budget constraint by levying a flow income tax on all
households to finance the initial stimulus payment. 

3. Discrete Adjustments and Mortgage Refinancing.
Equations (1) and (2) describe how liquid wealth and mort-
gage balances evolve continuously. Households also have two
methods for discretely adjusting their balance-sheet position
between liquid wealth and illiquid home equity. First, households
can pay a small fixed cost to prepay their mortgage. Second,
households can pay a larger fixed cost to refinance. We detail
these options below. 

A household’s first adjustment option is to prepay its mort-
gage. We introduce prepayment because mortgage contracts typi-
cally allow for households to pay down their mortgage faster than
contractually required. Prepayment requires a small fixed cost of
κ p rep ay , 10 and the household chooses a new liquid wealth value b 

′ 
9. Importantly, this means that interest rate shocks in our model are not “MIT 

shocks.” This feature differentiates our model from many other heterogeneous- 
agent models that study monetary policy. 

10. We impose a small fixed financial cost for numerical stability. 

er on 24 O
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′ such that 

b 

′ − m 

′ = b t − m t − κ p rep ay , 

subject to m 

′ ∈ [0 , m t ) and b 

′ � b . 4) 

repayment does not affect the mortgage interest rate, which re- 
ains the same as before the adjustment decision. By using part 

f their liquid wealth to prepay the mortgage, households are ef- 
ectively shifting their portfolio from a low-return liquid asset to 

 high-return illiquid asset. 11 Home equity is illiquid because it 
an only be accessed through a cash-out refinance. But the benefit 
f accumulating home equity is that wedge ω 

m makes mortgage 

ebt costly. Households will therefore first build a buffer stock of 
iquid wealth and then use additional liquidity to prepay their 

ortgage. 
A household’s second adjustment option is to refinance its 

ortgage (or take out a new one if m t = 0 ). 12 Refinancing requires 
ayment of a fixed cost of κre f i . When refinancing, the household 

hooses a new liquid wealth value b 

′ and a new mortgage value 

 

′ such that 

b 

′ − m 

′ = b t − m t − κre f i , 

subject to m 

′ ∈ [0 , θh ] and b 

′ � b . 5) 

y refinancing, the household resets the interest rate on its mort- 
age to r m 

t = r t + ω 

m . 
Although refinancing requires up-front costs, there are two 

easons households may choose to refinance. First, if the market 
nterest rate falls then refinancing “locks in” lower mortgage in- 
erest payments. Second, refinancing allows households to rebal- 
nce their asset allocation across liquid wealth and illiquid home 

quity. For example, a cash-out refinance lets households convert 
lliquid home equity into liquid wealth. Accessing home equity 
11. Kaplan and Violante (2014) highlight how high-return illiquid assets 
an prevent households from building sizable liquid buffer stocks. Laibson et al. 
forthcoming) demonstrate that asset illiquidity combined with present bias al- 
ows life cycle consumption-saving models to match the joint accumulation of 
redit card debt and illiquid savings that characterizes the balance sheets of many 
.S. households. 

12. In our model, some households will have fully paid off their mortgage 
 m t = 0 ) prior to taking cash out. For simplicity we refer to adjustments starting 
rom both m t > 0 and m t = 0 as refinancing. 
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is useful during spells of low income (consumption smoothing), 13 

and as a means of converting costly credit card debt into cheaper
mortgage debt. Consistent with the empirical evidence in Berger
et al. (2021) , we find that these two motives for refinancing are
not mutually exclusive in our model. Indeed, one of our main re-
sults is that interest rate cuts can be highly stimulative precisely
because they induce a wave of home equity extractions. 

We assume that both types of discrete adjustments require
a small effort cost ε̄ (in addition to the monetary costs κre f i and
κ p rep ay ). This cost ε̄ is intended to capture the effort associated
with filling out paperwork, negotiating with mortgage brokers,
and so on. We show in Section II.C that this effort cost provides
a natural mechanism for producing refinancing procrastination.
In that section we also slightly generalize the setup by making
the effort cost stochastic to capture the idea that households face
occasional windows of time in which the marginal cost of making
effortful budgeting adjustments is lower than normal, such as a
free weekend or a canceled afternoon meeting. 

Finally, we note that our model does not allow for home
equity lines of credit, second mortgages, or reverse mortgages.
These alternate products are much more likely to be used when
interest rates are rising to extract home equity without resetting
the entire mortgage balance to a higher interest rate ( Bhutta and
Keys 2016 ). We abstract from these alternate products because
our article focuses on the stimulative effect of rate cuts. 

4. Other Structural Assumptions. To capture exogenous
mortgage adjustment dynamics such as moving for a new job, we
introduce an exogenous hazard rate λF at which households are
forced to adjust their mortgage (and pay the cost to either refi-
nance or prepay). We assume that households adjust their mort-
gage optimally when they are forced to do so. 

To capture life cycle dynamics, we assume that households
retire at rate λR and are replaced by “first-time homeowners.” To
avoid needing an additional state variable, we model retirement
using a “perpetual youth” framework ( Blanchard 1985 ). A house-
hold that retires at time t receives a constant consumption flow
of y 

R + r̄ (h − m t + b t ) in perpetuity, where y 

R is a fixed retirement
income flow and r̄ is the average interest rate. We denote the ex-
13. See Hurst and Stafford (2004) and Chen, Michaux, and Roussanov (2020) 
for related insights. 
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y v R (b t , m t ) = [ u (y 

R + r̄ (h − m t + b t ))] /ρ, where ρ is an exponen-
ial discount rate. This parameterization captures a retirement 
ension of size y 

R plus the annuity value of a household’s assets 
t retirement. 

5. Summary. The goal of our model is to provide a sim- 
le characterization of the household balance-sheet features that 
re important for macroeconomic stabilization policy. Our partial 
quilibrium model has five state variables: (b, m, y, r m , r ) . Liquid 

ealth b and stochastic income y introduce uninsurable income 

isk and wealth heterogeneity. Mortgage m introduces a realistic 
ole for housing, which is the primary illiquid asset held by most 
.S. households ( Campbell 2006 ). Time-varying interest rate r 
rovides a role for monetary policy. Mortgage interest rate r m in- 
roduces a refinancing motive and allows us to study the refinanc- 
ng channel of monetary policy. 

To simplify notation, let x = (b, m, y, r m , r ) denote the vec-
or of state variables that characterize the household problem. 
ouseholds can be heterogeneous in dimensions b, m, y, and r m . 
ll households face the same time-varying market interest rate 

 t . 

I.B. Utility and Value 

1. Utility. Households have constant relative risk aversion 

CRRA) utility over consumption: 14 

u (c ) = 

c 1 −γ − 1 

1 − γ
. 

2. Time Preferences: Instantaneous Gratification. This arti- 
le’s key departure from rationality is the household’s discount 
unction. Households have naive Instantaneous Gratification (IG) 
ime preferences. IG time preferences were first derived by Harris 
nd Laibson (2013) and are extended in Laibson and Maxted 

2023) and Maxted (2023) . 
In discrete time, the quasi-hyperbolic discount function is 

iven by 1 , βδ, βδ2 , βδ3 , ... . The IG model is a continuous-time ver-
14. We could also let households earn utility from housing h . We ignore this 
lement since housing h is constant. This assumption is isomorphic to households 
aving separable utility over consumption and housing, or CES utility with a uni- 
ary elasticity of substitution. 

 on 24 O
ctober 2024
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ishingly small moment of time. 15 For t � 0 , the limiting IG dis-
count function D (t) is: 

D (t) = 

{
1 if t = 0 

βe −ρt if t > 0 

. (6) 

Because the current instantaneous self discounts all future selves
by factor β, discount function D (t) features a discontinuity at
t = 0 whenever β < 1 . The IG household values instantaneous
utility flows, and all later utility is discounted by β. Note that
β = 1 recovers the standard, time-consistent, exponential dis-
count function. 

We assume that households are naive about their present
bias. This means that the current self is unaware of the self-
control problems of future selves. Under naive present bias, the
current self discounts the utility flows of all future selves by
β < 1 , while expecting that all future selves will be exponen-
tial discounters ( β = 1 ). We assume naiveté because we need (at
least partial) naiveté to generate procrastination from small ef-
fort costs. We extend our analysis to partial and full sophistication
in Online Appendix D.5 and briefly discuss the key takea wa ys
from that extension at the end of Section III . 

As detailed in Laibson and Maxted (2023) , IG preferences are
a mathematically tractable limit case. They are not a psycholog-
ically realistic model of time preferences. The temporal division
between “now” and “later” is certainly longer than a single in-
stant dt. 16 Nonetheless, Laibson and Maxted (2023) show that
discrete-time models with psychologically appropriate time steps
(e.g., each period lasts for one day or one week) are closely ap-
proximated by the continuous-time IG model. The current article
leverages the tractability of the IG approximation to study the
effect of present bias on macroeconomic stabilization policy. 

REMARK 1. IG time preferences are a generalization of stan-
dard exponential discounting. Setting β = 1 generates exponen-
tial time preferences. 
15. See Online Appendix B for a heuristic derivation and Harris and Laibson 

(2013) for a rigorous derivation. 
16. Augenblick (2018) finds that the division between “now” and “later” is 

roughly two hours. Using fMRI data, McClure et al. (2007) find a one-hour 
discount rate of 50% for food rewards. More generally, Augenblick (2018) and 
Augenblick and Rabin (2019) show that almost all discounting occurs within one 
week. 

ics user on 24 O
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3. Value Function ( β = 1 ) . We start by presenting the value 

unction for an exponential ( β = 1 ) household. We present the 

alue function in steps, suppressing notation at first to clarify the 

tructure of the household’s decision-making problem. As a first 
tep, the value function of a β = 1 household can be defined as the 

olution to the sequence problem: 

v(x 0 ) = max 

{ c t } ,τ
E 0 

[ ∫ τ

0 
e −ρt u ( c t ) dt + e −ρτ ( v ∗( x τ ) − ε̄ ) 

]
s.t. (1) and (2) hold and with 

v ∗(x ) = max 

{ 

v p rep ay ( x ) , v re f i ( x ) 
} 

v p rep ay (x ) = max 

b ′ ,m 

′ 
v(b 

′ , m 

′ , y, r m , r ) 

s.t. prepayment constraint (4) holds 

v re f i (x ) = max 

b ′ ,m 

′ 
v(b 

′ , m 

′ , y, r + ω 

m , r ) 

s.t. refinancing constraint (5) holds . 7) 

quation (7) subsumes all Poisson shocks inside the expectation 

perator. 
The integral E 0 

[∫ τ
0 e 

−ρt u (c t ) dt 
]

captures utility from con- 
umption, which the household chooses continuously. The term 

 0 
[
e −ρτ ( v ∗( x τ ) − ε̄ ) 

]
captures discrete adjustment, which the 

ousehold chooses at time τ (a stopping time). These discrete ad- 
ustments form an optimal stopping (option value) problem. Func- 
ion v ∗ denotes the optimal value function conditional on adjust- 
ng, which also requires effort cost ε̄ . Adjustment takes the form of 
ither mortgage prepayment or refinancing. Note that the mort- 
age interest rate remains constant when the household chooses 
 mortgage prepayment, while refinancing resets the mortgage 

nterest rate to r t + ω 

m . 
Equation (7) highlights that the household faces a simulta- 

eous optimal control problem plus an optimal stopping prob- 
em. The household continuously chooses consumption c t , and 

lso possesses the option to discretely rebalance its asset allo- 
ation across liquid wealth and illiquid home equity. To capture 

hese dual decisions, the value function in equation (7) can also 

e expressed as a Hamilton-Jacobi-Bellman quasi-variational in- 
2024
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equality (HJBQVI). 17 Starting with compact notation to highlight
the general structure of variational inequalities: 

ρv(x ) = max 

{
max 

c 
u (c ) + (A v )(x ) , ρ(v ∗(x ) − ε̄ ) 

}
. (8) 

Operator A is an infinitesimal generator, which we define mo-
mentarily by writing out equation (8) in a less compact way. The
left branch of equation (8) captures the optimal control prob-
lem, and the right branch captures the optimal stopping prob-
lem. If it is not optimal to adjust, the left branch imposes that
value function v(x ) satisfies a standard HJB equation ρv(x ) =
max 

c 
u (c ) + (A v)(x ) , and the right branch imposes that v(x ) is

larger than the value of adjusting: v(x ) � v ∗(x ) − ε̄ . If it is opti-
mal to adjust, the right branch imposes that the value function
equals the value of adjusting: v(x ) = v ∗(x ) − ε̄ . 

Expanding the operator A to explicitly show the Poisson risks
faced by the household, the HJBQVI can be written out fully as
follows: 

ρv(x ) = max 

{
max 

c 

{
u ( c ) + 

∂v( x ) 
∂b 

( y + rb + ω 

cc b 

− − ( r m + ξ ) m − c ) 
}

− ∂v(x ) 
∂m 

(ξm ) + 

∑ 

y ′ � = y 

λy → y ′ [v(b, m, y 

′ , r m , r ) − v(b, m, y, r m , r ) 
]

+ 

∑ 

r ′ � = r 

λr → r ′ [v(b, m, y, r m , r ′ ) − v(b, m, y, r m , r ) 
]

+ λR 

[
v R (x ) − v(x ) 

] + λF [(v ∗(x ) − ε̄ ) − v (x ) 
]
, ρ(v ∗(x ) − ε̄ ) 

}
. (8 

′ ) 

Equation (8 

′ ) reflects the value function’s dependence on, respec-
tively, utility flow u (c ) (first row), liquid wealth b (first row), mort-
gage level m (second row), income state y (second row), interest
rate state r (third row), retirement (fourth row), forced adjust-
ment (fourth row), and discrete adjustment (fourth row). In repre-
senting the income process and the interest rate process, respec-
17. See Bensoussan and Lions (1982 , 1984) and Bardi and Capuzzo-Dolcetta 
(1997) . For additional details and a discussion of more economic applications, 
see http://benjaminmoll.com/liquid _ illiquid _ numerical/ , and Guerrieri, Lorenzoni, 
and Prato (2020) and McKay and Wieland (2021) . Relative to our formula- 
tion in equation (8) , the mathematics literature studying HJBQVIs typically 
uses somewhat different but equivalent notation, for example, 0 = min 

{
ρv(x ) −[

max c u (c ) + (A v)(x ) 
]
, v(x ) − (v ∗(x ) − ε̄ ) 

}
. We use the formulation in equation (8) 

with the max operator because it is more economically intuitive. 

om
ics user on 24 O

ctober 2024
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ively, we use notation λs → s ′ to denote the transition rate from 

tate s to state s ′ . λR is the transition rate into retirement, and λF 

s the rate at which households are forced to adjust their mort- 
age. 

4. Value Functions (β < 1) . We now introduce naive present 
ias. Naifs incorrectly perceive that all future selves will discount 
xponentially ( β = 1 ). Thus, the value function v(x ) that solves 
quation (7) —or equivalently equation (8) —characterizes the 

aive IG household’s perceived value function starting in the next 
nstant. For this reason, we refer to v(x ) as the continuation-value 

unction. The current-value function characterizes the house- 
old’s perceived value of future utility flows in the current pe- 
iod. Because the current self discounts all future selves by β, the 

urrent-value function of the naive IG household is given by: 

w(x ) = max 

{
βv( x ) , w 

∗( x ) − ε̄ 

}
with 

w 

∗(x ) = max 

{ 

w 

p rep ay ( x ) , w 

re f i ( x ) 
} 

w 

p rep ay (x ) = max 

b ′ ,m 

′ 
w(b 

′ , m 

′ , y, r m , r ) 

s.t. prepayment constraint (4) holds 

w 

re f i (x ) = max 

b ′ ,m 

′ 
w(b 

′ , m 

′ , y, r + ω 

m , r ) 

s.t. refinancing constraint (5) holds . 9) 

n the first line of equation (9) , the left branch captures the 

urrent-value function if the household does not adjust its mort- 
age, and the right branch captures the current-value function 

f the household chooses to adjust its mortgage. Importantly, the 

tility flow of the current self does not show up in equation (9) . Be- 
ause each self lives for a single instant of dt, no individual self’s 
tility flow has a measurable effect on the overall value function. 
urther discussion is provided in Online Appendix B, which de- 
ives the current-value function of the naive IG household as the 

ontinuous-time limit of a discrete-time model. 
It is worth emphasizing again that with naive present bias, 

he perceived value function v on the right side of equation (9) 
s the value function of a β = 1 household, that is, the one that 
olves equation (8) . This property of naiveté is the key reason for 
ts tractability. In particular, it implies that both theoretical and 
2024
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computational approaches can use a two-step procedure: first,
solve the value function v of an exponential β = 1 household from
equation (8) ; second, find the value function of a present-biased
β < 1 household immediately from equation (9) . 

5. Policy Functions. Households make two choices in the
model: they choose consumption continuously, and they have the
option to adjust their mortgage discretely. Introducing notation
for these policy functions, let c : x → [0 , ∞ ) denote a household’s
consumption policy in state x = (b, m, y, r m , r ) . Mortgage adjust-
ment consists of two nested decisions. First, conditional on ad-
justment the household chooses its new mortgage level m 

′ and
liquid wealth b 

′ . Let m 

′ : x → [0 , θh ] and b 

′ : x → [ b , ∞ ) denote
the household’s optimal mortgage and liquid wealth choice, con-
ditional on adjustment. Second, the household chooses whether
to adjust. Let R : x → { 0 , 1 , 2 } denote whether a household finds
it optimal to not adjust ( R = 0 ), prepay ( R = 1 ), or refinance
( R = 2 ). 

II.C. Procrastination 

There is a large literature documenting that households are
slow to refinance after interest rate declines (e.g., Keys, Pope,
and Pope 2016 ; Johnson, Meier, and Toubia 2019 ; Andersen
et al. 2020 ). Refinancing involves a series of up-front effort costs,
such as negotiating with mortgage brokers and filling out pa-
perwork, in exchange for long-run financial benefits. Households
with naive present bias will delay completing these sorts of
immediate-cost delayed-reward tasks, instead deferring them for
future selves ( O’Donoghue and Rabin 1999 , 2001 ; DellaVigna and
Malmendier 2004 ). In this way, naive present bias provides a nat-
ural motivation for refinancing inertia: procrastination. From a
theoretical standpoint, our incorporation of present-bias-driven
procrastination also differentiates the analysis here from other
papers using IG preferences, such as Harris and Laibson (2013)
and Maxted (2023) . 

Keys, Pope, and Pope (2016) provide direct evidence of pro-
crastination as an important channel through which refinancing
inertia arises. The financial calculations involved in refinancing
are complex ( Agarwal, Driscoll, and Laibson 2013 ), and refinanc-
ing generates a range of nonpecuniary short-term costs in ex-
change for uncertain long-term benefits. This creates an environ-
 er 2024
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ent where a variety of psychological factors—such as trust in 

he financial system, financial illiteracy, sticky information, at- 
ention costs, and bounded rationality—underlie the effort costs 
hat drive procrastination. 18 Our goal here is to provide a simple 

nd transparent model that captures the intuition for how such 

ognitive costs can interact with present bias to produce refinanc- 
ng inertia. 

The key model ingredient that generates procrastination for 
< 1 households is the effort cost that households face to dis- 

retely adjust their mortgage. While the setup with a constant 
ffort cost that we spelled out in Sections II.A and II.B already 

ives rise to procrastination, we generalize this setup slightly by 

ssuming that the effort cost is stochastic. This stochasticity cap- 
ures the idea that households face occasional windows of time 

n which the marginal cost of making effortful financial adjust- 
ents is lower than normal. As we explain shortly, a stochas- 

ic effort cost will generate a particular form of procrastination, 
amely, “Calvo-style” procrastination, that is not only tractable 

ut also a useful approximation of household refinancing behav- 
or ( Andersen et al. 2020 ). 

SSUMPTION 1. The effort cost ε t takes two values ε and ε̄ satis- 
fying 

ε̄ > 

1 

β
ε > 0 . 

Effort cost ε t usually equals the high value of ε̄ . But at Poisson 

arrival rate φ, ε t falls to the low value of ε for a single instant 
before immediately reverting back to the high value of ε̄ . 

Though stylized with a two-state process for tractability, 
ssumption 1 captures the sorts of stochastic life events, such 

s a free weekend or a canceled afternoon meeting, in which the 

ousehold becomes more willing to complete chores because the 

pportunity cost of time has temporarily fallen. 
What is critical about these sorts of stochastic windows of 

vailability is that they typically have explicit end dates. For 
xample, a free weekend may represent a low-cost period for a 

ousehold, but that window closes on Sunday night. These sorts 
18. For references to some of these factors, see respectively Johnson, Meier, 
nd Toubia (2019) ; Agarwal, Ben-David, and Yao (2017) ; Mankiw and Reis (2002) ; 
ims (2003) ; Woodford (2003) ; Gabaix (2019) . 

 24 O
ctober 2024
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of deadlines are forcing mechanisms that encourage present-
biased households to complete effortful tasks, because even
present-biased households will want to take advantage of rela-
tively low-cost periods before they come to an end (see Carroll
et al. 2009 ; Allcott et al. 2022 ). 

Assumption 1 makes the simplification that these low-cost
windows last for exactly one instant dt. This simplification main-
tains the stationarity of our continuous-time model (avoiding the
need to include time as a state variable), but it is not critical to the
results. The essential feature of these low-cost windows is that
they have a defined expiration date. 

This simple generalization of our model to a stochastic effort
cost requires us to append our model equations in a few places.
Online Appendix B.3 spells out the full set of equations. For ex-
ample, in addition to the current-value of a β < 1 household in
the high-effort-cost state defined in equation (9) , there is now an
analogous equation for a household in the low-effort-cost state: 

w (x ) = max 

{
βv(x ) , w 

∗(x ) − ε 

}
. (10) 

Intuitively, because the low-cost state only lasts for an instant
( Assumption 1 ), the household either takes advantage of adjust-
ing its mortgage at the lower effort cost ε in which case its value
is w 

∗(x ) − ε , or else the household reverts to the high-cost state
and its value is βv(x ) . Equation (10) highlights the cost of not refi-
nancing when ε = ε —the low-cost period is lost and the effort cost
reverts back to ε̄ . For future reference, we denote by R ( x ) , m 

′ ( x ) ,
and b 

′ (x ) the corresponding refinancing policy function in the low-
effort-cost state (i.e., the prepayment or refinancing decisions cor-
responding to equation (10) ), while R ( x ) , m 

′ ( x ) , and b 

′ ( x ) continue
to denote the analogous policy function when the effort cost is
high. 

Next we make an assumption so that the effort cost only mat-
ters for β < 1 households: 

ASSUMPTION 2. ε̄ and ε are vanishingly small. 

Assumption 2 represents the idea that households typically
consider refinancing to be a nuisance but not onerous in an eco-
nomically meaningful sense. By making the effort cost arbitrarily
small, the effort cost is inconsequential for the behavior of β = 1
households. 
 2024
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However, this trivial effort cost becomes important when in- 
eracted with present bias. When β < 1 , the small effort cost is 
ufficient to generate procrastination. 19 This is because naive 

resent-biased households will always choose to delay the task of 
efinancing (for one instant in expectation) whenever ε t = ε̄ . The 

erceived benefit of procrastinating is that the effort cost of ad- 
ustment gets pushed into the future, where it is discounted by β. 

hen ε t = ε̄ , the perceived cost of delaying for one instant is in- 
nitesimal. So naive present-biased households will continually 

rocrastinate when ε t = ε̄ . 
For β < 1 households, procrastination persists until the 

ousehold stochastically enters a low-cost window and the effort 
ost ε t momentarily drops to ε . Now there is an explicit cost to 

aiting: further procrastination causes the low-cost window to 

xpire and the effort cost to revert to ε̄ > 

1 
β
ε . Since the effort cost 

f completion now, ε , is less than the discounted effort cost of com- 
letion next instant, βε̄ , this fleeting opportunity incentivizes the 

resent-biased household to stop procrastinating. This is formal- 
zed in Proposition 2 . 20 

III. THE EFFECT OF PRESENT BIAS ON POLICY FUNCTIONS 

We can now describe the effect of present bias on the con- 
umption and mortgage adjustment decisions. To characterize the 

olicy functions of a present-biased household relative to those of 
 standard exponential household, we use hat notation to denote 

he policy functions of an otherwise identical household that has 
= 1 . Accordingly, the policy functions denoted by hats are what 

he naive household perceives all future selves will follow. 
19. Of course, when β = 1 it is possible to rationalize refinancing inertia by 
aking other assumptions about effort cost ε t , for example by making ε̄ arbitrarily 

arge. 
20. As this discussion makes clear (and we confirm in Proposition 2 ), our base- 

ine model in Sections II.A and II.B with a constant effort cost ε̄ would generate 
ndefinite procrastination by β < 1 households. Perhaps surprisingly, this is true 
ven though this effort cost is arbitrarily small ( Assumption 2 ). Thus, an addi- 
ional rationale for extending our model to feature a stochastic effort cost, besides 
ncreased realism (low-cost windows like weekends and cancelled meetings do ex- 
st), is that it generates β < 1 households who refinance. 

ol of Econom
ics user on 24 O
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III.A. Consumption 

Present-biased households want to bring utility into the
present, which implies that present bias has a direct effect on
households’ consumption decisions. Specifically, present-biased
households overconsume by factor β− 1 

γ : 

PROPOSITION 1 (CONTINUOUS CONTROL). 

(i) For all b > b , the household sets c (x ) = β
− 1 

γ ̂ c (x ) . 
(ii) For b = b , the household sets 

c (x ) = min 

{
β

− 1 
γ ̂ c (x ) , y + (r + ω 

cc ) b − (r m + ξ ) m 

}
. 

The proof of Proposition 1 makes use of an important in-
termediate step, which we state first and is proved in Online
Appendix B. 

LEMMA 1. When the borrowing constraint does not bind, b > b ,
consumption is defined implicitly by the first-order condition: 

u 

′ ( c ( x )) = β
∂v(x ) 
∂b 

, (11) 

where the continuation-value function v is equal to the value
function of an exponential β = 1 household and solves equation
(7) or equivalently equation (8) . 

Equation (11) is a first-order condition: consume until the
marginal utility of consumption equals the marginal value of
liquid wealth. 21 For β = 1 , the standard continuous-time first-
order condition of u 

′ ( c ( x )) = 

∂v(x ) 
∂b is recovered. The additional dis-

count factor β appears in equation (11) because the present-
biased household discounts future consumption (and hence cur-
rent wealth) by β. It is worth reemphasizing that naiveté im-
plies that the continuation-value function v in equation (11) is
the value function of an exponential β = 1 household. This means
21. v(x ) may have kinks with respect to b. Equation (11) and also Proposition 

1 should therefore be interpreted as holding where ∂v(x ) 
∂b exists. In addition, while 

equation (11) looks like a standard discrete-time first-order condition, it is impor- 
tant to note that the interpretation is different. In particular, β is not the standard 
exponential discrete-time discount factor; instead, β is the discount factor between 

now and one instant from now, see equation (6) , with β = 1 corresponding to ex- 
ponential discounting, that is, no present bias. 

ics user on 24 O
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hat, similarly to the value function, one can recover the consump- 
ion policy function with a two-step procedure: first, solve the 

alue function v of an exponential β = 1 household from equation 

8) ; second, find the consumption policy function of a present- 
iased β < 1 household from equation (11) (with an additional 
ondition when b = b ). 

roof of Proposition 1. Let ̂  c (x ) denote the consumption function 

hat the naive household expects all future selves to adopt ( β = 1 ). 
xpanding equation (11) under CRRA utility: 

c ( x ) −γ = β
∂v( x ) 
∂b 

and 

̂ c ( x ) −γ = 

∂v( x ) 
∂b 

. 

earranging gives c (x ) = β
− 1 

γ ̂ c (x ) . This holds as long as b > b . For
 = b , overconsumption will be restricted if the borrowing con- 
traint binds (see equation (3) ). �

Proposition 1 provides a tractable formula that relates the IG 

ousehold’s consumption to that of a standard exponential house- 
old. This can be used to construct an Euler equation for the IG 

ousehold: 

OROLLARY 1 ( Maxted 2023 ). Let r t (b t ) denote the household’s 
effective borrowing cost: r t (b t ) = r t if b t � 0 , and r t (b t ) = r t +
ω 

cc if b t < 0 . Whenever c (x t ) is locally differentiable in b and the
household is not in an adjustment region, consumption obeys 
the following Euler equation: 

E t [ du 

′ ( c ( x t ))] /dt 
u 

′ ( c ( x t )) 
= 

[
ρ + γ

(
1 − β

1 
γ

) ∂c (x t ) 
∂b 

]
− r t (b t ) . (12) 

roof. Online Appendix C extends the proof of Maxted (2023) to 

ur environment. �

Equation (12) is the naive IG analogue of the hyperbolic Eu- 
er relation for sophisticates of Harris and Laibson (2001) and 

ao and Werning (2016) . The growth rate of marginal utility 

s given by 

E t [ du ′ ( c ( x t ))] /dt 
u ′ ( c ( x t )) 

, and the term in brackets can be in- 
erpreted as the household’s effective discount rate at time t. 

hen β = 1 , equation (12) reduces to a standard Euler equation: 
E t [ du ′ ( c ( x t ))] /dt 

u ′ ( c ( x t )) 
= ρ − r t (b t ) . When β < 1 , the household’s effective 

iscount rate is increasing in its instantaneous MPC, ∂c (x t ) 
∂b . In- 

uitively, overconsumption will have a larger effect on the growth 

ate of marginal utility when consumption itself is sensitive to b t . 
2024
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For β < 1 , an important consequence of equation (12) is that
the household’s effective discount rate varies over the state space.
In particular, since households with a higher instantaneous MPC
will consume more impatiently, households near b = b and b = 0
will act more impatiently, while households with plentiful liquid-
ity will act more patiently. 

III.B. Mortgage Adjustment 

Next we characterize the effect of present bias on the mort-
gage adjustment decision. To this end, recall that R (x ) ∈ { 0 , 1 , 2 }
and R (x ) ∈ { 0 , 1 , 2 } denote the household’s decision to not adjust,
prepay, or refinance in the high- and low-effort-cost states, and
m 

′ ( x ) , b 

′ ( x ) , m 

′ ( x ) , and b 

′ (x ) denote its adjustment targets con-
ditional on adjusting. Unlike consumption, present bias has a
muted effect on these adjustment decisions. In particular, the
only way that β < 1 affects the mortgage adjustment decision
is through procrastination. 22 This is formalized in the following
proposition: 

PROPOSITION 2 (OPTIMAL STOPPING). 

(i) Adjustment targets m 

′ and b 

′ are independent of β. Thus,
m 

′ (x ) = 

̂ m 

′ (x ) , b 

′ (x ) = ̂

 b 

′ (x ) , m 

′ (x ) = 

̂ m 

′ (x ) , and b 

′ (x ) = ̂

 b 

′ 
(x )

for all x . 
(ii) 
(a) For β = 1 , the refinancing policy function R (x ) converges

pointwise to R (x ) as the effort cost vanishes. This ef-
fectively means that the β = 1 household’s mortgage
adjustment behavior does not depend on the state of
the effort cost. 

(b) For β < 1 and ε = ε̄ , R (x ) = 0 for all x . This means that the
present-biased household procrastinates and will not
adjust its mortgage when ε = ε̄ . 

(c) For β < 1 and ε = ε , R (x ) converges pointwise to 

̂ R (x ) as
the effort cost vanishes. This effectively means that
the present-biased household does not procrastinate
when ε = ε . 
22. Accordingly, setting ε t ≡ 0 would remove the effect of present bias on the 
mortgage adjustment decision. 

24 O
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roof. See Online Appendix C. The intuition for clause (i) is 
hat the current self composes only an infinitesimal part of the 

ousehold’s overall value function. This implies that w 

p rep ay (x ) 
nd w 

re f i (x ) in equation (9) can be rewritten as: 

w 

p rep ay (x ) = max 

b ′ ,m 

′ 
βv(b 

′ , m 

′ , y, r m , r ) 

s.t. prepayment constraint (4) holds 

w 

re f i (x ) = max 

b ′ ,m 

′ 
βv(b 

′ , m 

′ , y, r + ω 

m , r ) 

s.t. refinancing constraint (5) holds . 

ecause maximizing βv is equivalent to maximizing v, the same 

b 

′ , m 

′ ) will be optimal for the β < 1 household and the β = 1
ousehold. The intuition for clause (ii) was discussed above in 

ection II.C . �

Clauses (iib) and (iic) of Proposition 2 state that present- 
iased households refinance only when they are in a refinanc- 
ng region of the state space and they experience a low-cost win- 
ow (weekends, canceled meetings, etc.). Recall from Assumption 

 that these low-cost windows occur at Poisson rate φ. Therefore 

he model with naive present bias reproduces the state- plus time- 
ependent refinancing behavior documented in Andersen et al. 
2020) . 

II.C. Cash-Out Refinances as Targeted Liquidity Injections 

The combination of Propositions 1 and 2 yields one of our key 

esults: when households are present biased, interest rate cuts 
ncentivize households to conduct cash-out refinances, which be- 
ome targeted liquidity injections to high-MPC households. The 

xplanation proceeds in two steps. First, Proposition 2 states that 
resent bias ( β < 1 ) does not affect refinancing behavior except 
hrough procrastination: conditional on refinancing, the mort- 
age adjustment and hence the size of any potential cash-out 
s the same. Second, Proposition 1 implies that present-biased 

ouseholds overconsume: hence they spend down any given cash- 
ut amount faster than exponential discounters. This is precisely 

hat we find when we conduct our monetary policy experiments 
n Section V.B . 
 2024
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III.D. A Comparison: Consumption versus Mortgage Adjustment 

The juxtaposition of Propositions 1 and 2 also highlights the
subtleties of present bias’ effect on household balance-sheet deci-
sions. In our model, present bias directly affects the consumption
decision, whereas present bias only affects the mortgage adjust-
ment decision through procrastination. 

Present bias has a differential effect on these decisions be-
cause consumption and procrastination are “small” decisions
(flow decisions) while discrete adjustment is a “large” decision
(a stock decision). The current self wants to overconsume in the
moment, but this overconsumption has only an infinitesimal ef-
fect on the household’s balance sheet. Similarly, procrastination
is expected to last only for an instant. The same is not true
of the mortgage adjustment decision. This decision discretely
adjusts the household’s asset allocation between liquid wealth
and illiquid home equity. Because each self only lasts for an in-
stant, any short-term benefits from myopia-driven refinancing
are dominated by the accumulation of costs borne across all future
selves. In short, naive present bias causes a persistent accumu-
lation of small mistakes, not the intermittent occurrence of large
mistakes. 

Though the proofs of Propositions 1 and 2 use IG preferences,
the assumption that each self lasts for a single instant is math-
ematically convenient but not quantitatively necessary ( Laibson
and Maxted 2023 ). Propositions 1 and 2 will be robust as long as
the temporal division between the present and the future is rel-
atively short (e.g., one week), meaning that each self composes a
negligible part of the overall value function. 23 

III.E. The Effect of Present Bias on the Propensity to Refinance 

There is an informal intuition in the literature that present
bias increases the propensity for households to extract home eq-
uity in order to finance near-term consumption (see e.g. Mian and
Sufi 2011 ; Campbell 2013 ). Our model illustrates that the effect
23. For intuition, consider a discrete-time model where each self lives for one 
week. Let δ = exp 

( −ρ
52 

)
. Assume that each self consumes a constant amount, c̄ , 

in each period. Each self has a current value of u ( ̄c ) + 

βδ
1 −δ

u ( ̄c ) , meaning that the 
utility of each self composes a share 1 (

1+ βδ
1 −δ

) of the total value function. Under 

our benchmark calibration with β = 0 . 83 and ρ = 0 . 88% ( Section IV.B ) so that 
δ = exp 

( −ρ
52 

) = 0 . 9998 , this share equals 0.02% of the total value function. 
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f present bias on refinancing is more complex. When effort cost 
 = ε , Proposition 2 says that present bias has no effect on the 

efinancing decision at any given point x . When ε = ε̄ , procrasti- 
ation slows down the rate at which present-biased households 
efinance. Both of these effects counter the intuition that present 
ias increases cash-out refinancing. However, present bias causes 
 build-up of credit card debt due to overconsumption. This incen- 
ivizes home-equity extractions as a means of converting costly 

redit card debt to cheaper mortgage debt. In summary, present 
ias inhibits refinancing at any given point x . But, present bias 
hanges the distribution of households over the state space in a 

ay that encourages cash-out refinancing. 

II.F. Generalization to (Partial) Sophistication 

We extend the analysis to partial and full sophistication in 

nline Appendix D.5. Letting βE denote the short-run discount 
actor that the current self expects all future selves to have, full 
aiveté means that βE = 1 . Partial sophistication instead sets 
E ∈ (β, 1) , such that the current self is partially aware of future 

elves’ self-control problems. Full sophistication is the limiting 

ase of βE = β. 
There are two key takea wa ys from the extension in Online 

ppendix D.5. First, our main-text analysis (which assumes full 
aiveté) is robust to all but the limiting case of full sophistication. 
n particular, all that is needed to generate refinancing procrasti- 
ation is for the current self to think that future selves will be less 
resent biased than the current self, meaning that any amount of 
aiveté is sufficient (i.e., βE > β). This is because the current self 
hen perceives that the next self will be more willing to refinance, 
nd hence pushes refinancing into the future. Second, for the lim- 
ting case of full sophistication, households do not procrastinate. 
his second result follows from Assumption 2 that effort costs are 

anishingly small. Intuitively, without at least some scope for in- 
orrect expectations, we cannot generate nonvanishing bouts of 
rocrastination from vanishingly small effort costs. 24 
24. Even with full sophistication, procrastination can still arise with nonvan- 
shing effort costs. See the discussion in Online Appendix D.5.4. 
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IV. CALIBRATION AND STEADY-STATE HOUSEHOLD BEHAVIOR 

IV.A. Externally Calibrated Parameters 

We begin by describing the model’s externally calibrated pa-
rameters. These parameter choices are summarized in Online
Appendix Table 4. 

1. Homeowners in the 2016 SCF. For many of our calibra-
tion targets we use the 2016 Survey of Consumer Finances (SCF)
w ave . We often express these targets relative to a measure of
households’ permanent income for which—following Kennickell
(1995) , Kennickell and Lusardi (2004) , and Fulford (2015) —we
use the SCF’s question about “normal income.” To align the SCF
with the households in our model, we restrict our SCF sample to
households that own a home, have a credit card, have a head aged
25–61, and have a head or spouse in the labor force. The average
after-tax permanent income for households in our SCF sample is
roughly $100,000. See Online Appendix A.2 for details. 

2. Income. We assume that the Poisson income process
takes one of three values y t ∈ { y L , y M 

, y H 

} . We limit the model
to three income states—low, middle, and high—so that we can
more fully illustrate the resulting model solution (see Figures I
and II ). 25 Our calibration of the income process follows Guerrieri
and Lorenzoni (2017) , who assume that the log of income fol-
lows an AR(1) process at a quarterly frequency. We first con-
vert this quarterly AR(1) process to a continuous-time Ornstein-
Uhlenbeck (OU) process and then discretize the OU process with
a three-state Poisson process using a finite difference method. See
Online Appendix A.3 for details. 

3. Interest Rates. We view r t as a longer-term interest rate
and assume that the monetary authority adjusts short rates in
the background to generate these movements in the long rate.
Our model aims to capture larger movements in the federal funds
rate, such as those in 2001, 2008, and 2019–20, which have eco-
nomically significant effects on long rates and hence on mortgage
25. For β = 1 in consumption-saving models such as this, three income states 
are the minimum number of states that are needed to generate a mass of house- 
holds who borrow, a mass of households at the soft constraint, and a mass of house- 
holds who save ( Achdou et al. 2022 ). 

 on 24 O
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efinancing. The focus of our study is not on smaller, fine-tuning, 
ovements in the federal funds rate that do not significantly af- 

ect mortgage rates. 
Rather than treating all shocks to r t as unexpected “MIT 

hocks,” households in our model have calibrated expectations 
bout the data-generating process for r t . To calibrate household 

nterest rate expectations we estimate an AR(1) process via max- 
mum likelihood estimation using weekly data on the yield of 10- 
ear TIPS from 2003–2019. We first convert this weekly AR(1) 
rocess to a continuous-time OU process (with rate of mean re- 
ersion 0.29 and volatility 0.63%), and then discretize it into a 

our -state P oisson process with states r t ∈ {−1% , 0% , 1% , 2% } us-
ng a finite difference method. 

We set the credit card wedge ω 

cc to 10.3% to capture the dif- 
erence between the commercial bank interest rate charged on 

redit cards and the 10-year Treasury yield from 2015–2017. We 

et ω 

m = 1 . 7% to capture the difference between the average 30- 
ear fixed rate mortgage and the 10-year Treasury yield from 

015–2017. 

4. Assets and Liabilities. Using the sample of homeowners 
n the 2016 SCF, we estimate an average home value to perma- 
ent income ratio of 3.29 (roughly $329,000) and therefore set 
 = 3 . 29 . We set θ , the maximum LTV ratio, equal to 0.8. Al-
hough this is a tight restriction on the maximum LTV allowed 

or first-time homebuyers, it is consistent with the maximum LTV 

vailable to households conducting a cash-out refinance. 26 

Mortgages are paid down at rate ξ = 3 . 5% , which gener- 
tes a 20-year half-life for mortgages. 27 We set the fixed cost of 
efinancing to κre f i = 0 . 05 (approximately $5,000), which is 3% 

f the average outstanding mortgage principal. 28 For numerical 
26. See Greenwald (2018) for data on realized LTVs for first-time homebuyers 
nd for cash-out refinances. 

27. Recall that mortgage payments are not constant in our model. We choose 
 20-year half-life for mortgage paydowns so that the mortgage payment required 
y large mortgages is not exceedingly onerous. 

28. The Federal Reserve’s website on refinancing suggests that refinancing 
osts roughly 3% of outstanding principle. The average LTV in our model is 
.51, suggesting κre f i = 0 . 03 × (0 . 51 h ) . This yields roughly κre f i = 0 . 05 . For de- 
ails, see https://www.federalreserve.gov/pubs/refinancings/ . Although we assume 
 uniform fixed cost for simplicity, refinancing costs vary from state to state and 
lso over time (e.g., the 2017 Tax Cuts and Jobs Act lowered the mortgage in- 

l of Econom
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tractability, we also impose a small cost to prepaying mortgages
of κ p rep ay = 0 . 002 (approximately $200). 

We set credit card borrowing limit b to one-third of perma-
nent income. This is consistent with reported credit limits in the
SCF and in line with typical choices in the literature. 29 

5. Preferences. Discount function parameters ρ and β are
calibrated internally to match home equity and credit card debt
levels in the 2016 SCF—see Section IV .B below . We set the in-
tertemporal elasticity parameter 1 

γ
equal to 

1 
2 , which is a stan-

dard calibration in the consumption-saving literature. We choose
a Poisson rate governing procrastination of φ = − ln (0 . 5) . This im-
plies that there is a 50% probability that a household for whom it
is optimal to refinance will do so within one year, consistent with
Andersen et al. (2020) . 30 

6. Other Structural Parameters. We set the rate of forced
adjustment to λF = 

1 
15 , which approximates the moving rate of

homeowners reported in the Current Population Survey’s Annual
Social and Economic Supplement for 2016. The retirement rate
λR = 

1 
30 so that households exist in our model for 30 years on aver-

age. We set the retirement income flow y 

R equal to the minimum
income level y L , since y L = 0 . 75 and a retirement replacement
rate of 70%–80% is a common benchmark. Retired households are
dropped from the model, and are replaced by new households with
mortgage m t = θh and liquid wealth b t drawn from a uniform dis-
tribution with support [0 , 

y L 
2 ] . 

IV.B. Internally Calibrated Parameters and Steady State 

1. “Steady State”. We start all policy counterfactuals from a
“steady state” in which the interest rate has been permanently
fixed at r ∗ = 1% . This implies that all households in our steady
terest deduction threshold from $1 million to $750,000 and thus altered cash-out 
refinancing incentives for some households). Though not explored in depth in the 
current paper, our results suggest that variation in refinancing costs can affect 
both the steady-state distribution of households and their subsequent responses 
to macroeconomic stabilization policy. 

29. For example, Kaplan, Moll, and Violante (2018) calibrate a borrowing limit 
of one times quarterly labor income. 

30. Andersen et al. (2020) estimate that 84% of households are “asleep” each 

quarter, and 0 . 84 4 ≈ 0 . 5 . 
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tate will have a mortgage interest rate of r m 

t = r ∗ + ω 

m = 2 . 7% .
he assumption that the interest rate has been fixed at 1% is 

ormally just one possible sample path of the interest rate process. 
his assumption is helpful for pedagogy because it reduces the 

imensionality of our steady state by eliminating heterogeneity 

n r m 

t . 31 

2. Calibration Cases. We present two benchmark calibra- 
ion cases for the “steady state”: an exponential benchmark with 

= 1 , and a present-bias benchmark with β < 1 . To reproduce 

he home equity that we observe in our 2016 SCF sample, we cal- 
brate the long-run discount rate ρ in both cases to match an esti- 

ated average LTV ratio of 0.51. To capture the fragility of house- 
old balance sheets, we calibrate β in the present-bias benchmark 

o fit an estimated average credit card debt to permanent income 

atio of 0.09 (the exponential benchmark restricts β = 1 ). Note 

hat SCF-measured credit card debt is designed to capture revolv- 
ng debt that accrues interest. Moreover, to exclude balances on 

romotional low-interest products such as balance-transfer cards, 
e follow Lee and Maxted (2023) and restrict our focus to high- 

nterest credit card debt on which households report paying an 

nterest rate of greater than 5%. Finally, because credit card debt 
ppears to be underreported in the SCF ( Zinman 2009 ), we adjust 
eported credit card borrowing upward by a factor of 1.5 following 

he methodology of Beshears et al. (2018 , Appendix C). 
Table I presents the discount function calibration. In the ex- 

onential benchmark, ρ = 1 . 25% matches the average LTV mo- 
ent of 0.51. However, the exponential benchmark fails to gen- 

rate the level of credit card borrowing observed in the data. In 

he present-bias benchmark, β = 0 . 83 matches the average credit 
31. This fixed- r assumption implies that once rates fall, all households can 

ower their mortgage rate by refinancing. This broadly reflects the rate cuts that 
ccurred during the early 2000s, Great Recession, and COVID-19 recession, but 
ay not reflect periods where prevailing mortgage rates exceed what homeown- 

rs previously locked in (e.g., year 2023). In addition, we pick r ∗ = 1% so that we 
an study rate cuts from 1% to 0%, while still maintaining the possibility that 
ates could fall further (to −1%). This preserves the option value to delaying re- 
nancing, thus preventing households from rushing to lock in the lowest possible 
ortgage rate. 
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TABLE I 
INTERNALLY CALIBRATED PARAMETERS 

Data Exponential Present-bias 
benchmark benchmark 

Discount function 

β — 1 0.83 
ρ — 1.25% 0.88% 

Calibration targets 
LTV 0.51 0.51 0.51 
A vg. C .C . debt 0.09 0.03 0.09 
Share C .C . debt > 0 53% 27% 47% 

Notes. This table presents the calibration of the discount function for the two benchmark cases we study. 
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card debt to income ratio of 0.09, 32 while lowering ρ to 0.88%
ensures that households still accumulate sufficient home equity
to match the LTV moment. Importantly, Table I highlights that
in a calibrated model, introducing present bias does not simply
mean that households are more impatient. Rather, present-biased
households are more impatient in the short run since β < 1 , but
are simultaneously more patient in the long run due to their lower
ρ. This differential patience allows the present-bias benchmark to
fit high-cost credit card borrowing jointly with illiquid home eq-
uity accumulation (relatedly, see Laibson et al. forthcoming ). 

For readers who are uncomfortable with our 1.5-times adjust-
ment to SCF credit card borrowing, we also estimate that 53%
of households in our SCF sample report carrying a high-interest
credit card balance from one month to the next. Table I shows that
this feature is qualitatively matched by our present-bias bench-
mark, but not by our exponential benchmark. Indeed, we would
calibrate an even lower β value if we were to set β to reproduce
the share of households with revolving (high-interest) credit card
debt. 

Compared to heterogeneous-agent macro models with expo-
nential time preferences, one key difference with our calibration
is that we take both the credit card wedge (ω 

cc = 10 . 3%) and the
effective illiquid return spread (ω 

m = 1 . 7%) “from the data.” De-
spite the large borrowing wedge and the low illiquidity wedge, our
32. Meier and Sprenger (2010) combine surveyed time preferences with ad- 
ministrative credit card data to provide direct evidence of the relationship be- 
tween present bias and credit card debt. 
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resent-bias benchmark is nonetheless able to match the credit 
ard debt levels observed empirically. In contrast, models with 

xponential time preferences such as Kaplan and Violante (2014) 
nd Kaplan, Moll, and Violante (2018) typically internally cali- 
rate at least one of the model’s interest rates to generate similar 
evels of low-liquidity households. Doing so typically results in a 

ower borrowing wedge and higher illiquidity spread than in the 

ata. 33 This also implies that our own exponential benchmark—
hich sets β = 1 without recalibrating interest rates to gener- 
te constrained households—has too few low-liquidity households 
nd hence low MPCs. 34 

3. Supplement: Intermediate Cases. As shown by 

roposition 2 , the present-bias benchmark features procras- 
ination while the exponential benchmark does not. Because our 
resent-bias benchmark therefore introduces both present bias 
nd procrastination, for conceptual clarity we discuss various 
intermediate cases” in Online Appendix D.4. These intermedi- 
te cases allow us to bridge the gap between the exponential 
enchmark and the present-bias benchmark by studying present 
ias without refinancing inertia, and exponential discounting 

ith refinancing inertia. These cases also allow us to explore so- 
histication, which effectively shows up as present bias without 
efinancing inertia. 
33. For example, Kaplan, Moll, and Violante (2018) internally calibrate a bor- 
owing wedge of 6% to fit the share of households with negative net liquidity (a 
orrowing rate of 8% minus a liquid return of 2%), which is lower than our em- 
irical credit card wedge of 10.3%. Kaplan, Moll, and Violante (2018) relatedly 
alibrate an illiquidity wedge of 3.7% (5.7% minus 2%), which is higher than our 
umber of 1.7%. In addition, our approach of taking interest rate wedges “from 

he data” also differentiates our approach from models with unsecured borrowing 
ates determined endogenously based on default risk (e.g., Mitman 2016 ), though 

uch models have also had success in producing realistic levels of unsecured debt 
nd home equity accumulation. 

34. Another difference is that our model includes mortgages, which allows 
ouseholds to borrow against their illiquid (housing) wealth. Alternatively, in 

odels such as Kaplan, Moll, and Violante (2018) that only have net illiquid 
ealth, households must sell their illiquid wealth to access it. Because illiquid 
ssets offer high returns and hence are costly to sell, we conjecture that allowing 
ouseholds to borrow against their illiquid wealth effectively makes that wealth 

ore liquid. This will also lead to fewer constrained households and hence lower 
PCs in our model. A similar effect is also reported in McKay and Wieland (2021) . 
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FIGURE I 

Steady-State Phase Diagrams 

Arrows display the evolution of household balance sheets. Dark red regions 
mark where the household chooses to conduct a cash-out refinance. Light blue 
regions mark mortgage prepayment. See the text for details. 
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IV.C. Steady-State Household Behavior 

Households solve an optimal control problem augmented
with an optimal stopping problem, and the steady state features
cross-sectional heterogeneity in four variables: b t , m t , y t , and ε t .
When characterizing the steady state, we focus on the features
that will be important for the macroeconomic policy results to fol-
low. As we detail, many of the equilibrium behaviors that differ-
entiate the present-bias benchmark from the exponential bench-
mark are consistent with an emerging set of empirical findings
in the household finance literature that have collectively proven
challenging for models with exponential discounting to replicate. 

1. Phase Diagrams of the Household Balance Sheet.
Figure I uses phase diagrams to describe the evolution of house-
 2024
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olds over the state space. Each panel represents a different in- 
ome state. Panel A shows the exponential benchmark, and Panel 
 shows the present-bias benchmark. The horizontal axis of each 

raph is liquid wealth b and the vertical axis is the household’s 
ortgage balance, expressed as the LTV ratio m/h . The shaded 

reas indicate discrete adjustment regions: dark red indicates 
ash-out refinancing, and light blue indicates discrete mortgage 

repayment. 35 In areas of nonadjustment, the arrows indicate 

ow the household balance sheet evolves over time. 
Looking first at the red regions, households choose to take a 

ash-out refinance when they have relatively low income (either 
 L or y M 

) and are near the credit limit of b . During spells of lower
ncome, the first margin on which households adjust is to decu- 

ulate liquid wealth. The second margin is credit card debt: even 

ith wedge ω 

cc , the fixed cost of refinancing implies that tem- 
orarily taking on credit card debt can be prudent. Cash-outs are 

he final margin that households turn to, but only after accumu- 
ating sizable credit card debt. 

Looking next at the blue regions, households choose to pre- 
ay their mortgage once they have built a buffer stock of liquid 

ealth. Having some liquid wealth is useful because it allows 
ouseholds to avoid taking on costly credit card debt during low- 

ncome spells. However, it is suboptimal to hold too much liquid- 
ty because the mortgage wedge ω 

m implies that mortgage debt is 
ore costly than the household’s return on liquid wealth. Thus, 
igh-liquidity households will use some of their accumulated liq- 
idity to pay down their mortgage. 

As shown in Proposition 2 , differences in adjustment re- 
ions across the two calibrations are driven by variation in ρ. 
anel A (exponential benchmark) features a higher calibration 

f ρ = 1 . 25% , while Panel B (present-bias benchmark) calibrates 
= 0 . 88% . Households who perceive themselves to be less patient 

higher ρ) will be more willing to take a cash-out refinance and 

ess willing to prepay their mortgage. The variation in the red 

ash-out region and blue prepayment region across the two cali- 
rations follows accordingly. 

The blue arrows indicate how household balance sheets 
volve over the nonadjustment regions. The arrows always point 
ownward due to mortgage principal repayment, as specified by 
35. In the steady state with constant interest rates, the only reason to refi- 
ance is to withdraw home equity. 
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equation (2) . The arrows point either right or left to indicate liq-
uid saving or dissaving, and the length of the arrow corresponds
to the speed of evolution. Arrows point strongly leftward when
y t = y L , indicating liquid dissaving. Arrows point strongly right-
ward when y t = y H 

, indicating liquid saving. When y t = y M 

the
arrows typically point to the left but are small, indicating slight
dissaving by households. 

The bottom row features gray arrows in the adjustment re-
gions, and the top row does not. In the top row there is no pro-
crastination. Households will “jump” as soon as they move into
an adjustment region, and therefore households will never find
themselves in the shaded regions. The bottom row features pro-
crastination. This means that households will find themselves in
the adjustment regions, and the gray arrows indicate how house-
hold balance sheets evolve when households procrastinate. 

2. Steady-State Consumption Dynamics. Figure II plots the
steady-state consumption function. Liquid wealth is on the hori-
zontal axis. Each panel plots the consumption function for an LTV
∈ { 0 , 0 . 4 , 0 . 8 } . 

Starting with the exponential benchmark, note that the
curves do not always span the entire liquid-wealth axis (e.g.,
the blue curve for LTV = 0 does not extend to b in the low in-
come panel). These missing areas reflect the adjustment regions.
Households will never reach these parts of the state space. 

Panel B shows consumption in the present-bias benchmark.
There are two key differences under present bias. First, we use
dashed lines and open circles to mark consumption in the ad-
justment regions, since procrastination implies that households
can enter these regions. Second, the consumption function occa-
sionally features a discontinuity at b . This discontinuity arises
because the borrowing constraint restricts overconsumption (see
constraint (3) ). The consumption discontinuity is consistent with
the evidence presented in Ganong and Noel (2019) , who use high-
frequency data to document that consumption drops sharply at
the expiration of unemployment insurance. 

This discontinuity can be particularly large when house-
holds procrastinate on refinancing. For example, households with
y t = y L and LTV = 0.4 experience a drop in consumption of ap-
proximately 30% if they fail to refinance before hitting b . The
reason for this large discontinuity is that households are naive
about their procrastination. Once households are in an adjust-
 2024
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FIGURE II 

Steady-State Consumption 

This figure shows the steady-state consumption function over income and liquid 
wealth for LTV ∈ { 0 , 0 . 4 , 0 . 8 } . See the text for details. 
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ent region they expect their next self to refinance. As a result, 
ouseholds choose consumption today to smooth consumption rel- 
tive to where they expect to be following a cash-out refinance. 
ouseholds do not anticipate hitting the borrowing constraint b , 

reating a large downward discontinuity if the constraint does 
ventually bind. 

3. MPCs. Consumption behavior can also be investigated 

hrough MPCs. The MPC over τ years is defined as follows 
 Achdou et al. 2022 ): 

MPC τ ( x ) = 

∂ 

∂b 

E 

[∫ τ

0 
c ( x t ) dt | x 0 = x 

]
. 13) 

Figure III , Panel A plots the quarterly MPC out of $1,000 

s a function of liquid wealth b, averaging over the income and 
2024
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FIGURE III 

MPCs over the Liquid Wealth Distribution 

Panel A presents the quarterly MPC as a function of liquid wealth, averaging 
over the mortgage and income dimensions. Panel B shows the household distribu- 
tion over liquid wealth. 
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mortgage dimensions. 36 Consistent with the typical behavior in
these sorts of models, the exponential benchmark features ele-
vated MPCs at b = 0 where the interest rate jumps and at the
borrowing constraint b (e.g., Kaplan and Violante 2014 ; Kaplan,
Moll, and Violante 2018 ). The key effect of present bias is that it
drastically increases MPCs near the borrowing constraint. This
follows directly from the consumption function discontinuities at
b detailed already: present-biased households do not smooth con-
sumption into the borrowing constraint, instead choosing a high
consumption rate all the way into b . 37 

4. Steady-State Wealth Distribution. Figure III , Panel B
presents the steady-state distribution of liquid wealth for the ex-
ponential benchmark and the present-bias benchmark. There are
two key differences. First, present bias generates a leftward shift
in the liquid wealth distribution because present-biased house-
36. Equation (13) defines the MPC out of an infinitesimal increase in liquid 
wealth. However, tax rebates and fiscal stimulus payments increase liquid wealth 

discretely. The definition of the MPC can easily be extended to discrete liquidity 
shocks (see Online Appendix E.1 for details). 

37. Figure III , Panel A also illustrates that in both calibrations, MPCs are 
driven by households near either b = 0 or b = b , and decline quickly with liquid 
wealth. Accordingly, present bias alone is not capable of matching the empirical 
evidence that some high-liquidity households also have high MPCs (see Ganong 
et al. 2020 , figure 4, and the studies referenced therein). 
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olds overconsume out of liquidity. 38 Second, present bias pro- 
uces a larger share of households at the borrowing constraint 
 . 

There are three factors that contribute to this large mass of 
onstrained households at b when β < 1 . First, households fail to 

aintain liquidity buffers. Second, the β < 1 calibration features 
 lower value of ρ, which reduces households’ willingness to re- 
nance at b (see the middle income graphs in Figure I ). Third, 
rocrastination means that households can be slow to refinance 

hen they hit the constraint. 
The buildup of households at b is consistent with the respon- 

iveness of debt accumulation to borrowing limits documented 

mpirically. Gross and Souleles (2002) study how borrowing re- 
ponds to credit limit increases, and estimate that credit card 

ebt increases by 10%–14% of the increased limit after one 

ear. In our model, the first-order effect of a small increase in 

he borrowing limit b is that constrained households accumu- 
ate additional debt by exactly the same amount, so the overall 

arginal borrowing propensity simply equals the share of con- 
trained households. Consistent with this evidence, the share of 
onstrained households is 12% in the present-bias benchmark, 
ompared to only 0.1% in the exponential benchmark. Moreover, 
e find in our 2016 SCF sample of homeowners that roughly 11% 

f households have less than two weeks’ pay of available credit 
emaining on their credit card, again consistent with the buildup 

f households near b in the present-bias benchmark. 

5. Summary Statistics. Table II summarizes the model’s 
teady state. The present-bias benchmark features an average 

uarterly MPC of 14.4% out of a $1,000 transfer. For the exponen- 
ial benchmark, this MPC is 4.2%. Only the present-bias bench- 
ark comes close to empirical MPC estimates, which range from 

5% to 25% for fiscal transfers of $500–$1,000. 39 The present- 
ias benchmark also features much larger variation in MPCs 
38. In particular, the overconsumption shown in Proposition 1 implies that 
he soft constraint does not typically bind for β < 1 households. See Maxted (2023) 
nd Lee and Maxted (2023) for details. 

39. See note 3 for references reviewing the empirical literature on MPCs. 
hile our model focuses on homeowners, the empirical evidence on large con- 

umption responses to liquidity injections has also been found to extend to home- 
wners specifically (see Parker et al. 2013 ; Lewis, Melcangi, and Pilossoph 2024 ). 

m
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TABLE II 
STEAD Y-ST A TE SUMMARY ST A TISTICS 

Exponential Present bias 

Avg. quarterly MPC ($1,000) 4.2% 14.4% 

( y L , y M 

, y H 

) (4.7, 5.5, 2.0) (29.3, 12.4, 2.2) 
Avg. quarterly MPC ($10,000) 3.8% 8.3% 

Avg. quarterly MPX ($1,000) 12.7% 30.2% 

Avg. quarterly MPX ($10,000) 11.8% 24.8% 

Share b < 0 26.7% 47.1% 

Share b = b 0.1% 12.0% 

Notes. This table summarizes household consumption, expenditure, and sa ving beha vior in the steady 
state. 
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based on transitory income (second row). Low- and middle-income
households have high MPCs because they compose a larger share
of households on or near the borrowing constraint. Though this
MPC heterogeneity still exists in the exponential benchmark, it
is much less drastic. Time-consistent households maintain liquid-
ity buffers optimally, so the exponential benchmark features far
fewer constrained households. We also find that the elevated MPC
exhibited in the present-bias benchmark is robust to the size of
the wealth shock. The average quarterly MPC remains at 8.3%
for a transfer of $10,000 (for more, Online Appendix Figure 12
reports quarterly MPCs out of transfers ranging from $1,000 to
$50,000). 40 

When comparing the model to the data, it is important to
delineate between the MPC versus the MPX ( Laibson, Maxted,
and Moll 2022 ). 41 Durables drive a wedge between expenditure
and model-based “notional” consumption, because spending on
durables does not translate into immediate consumption. The dif-
ference can be substantial empirically. For example, Parker et al.
40. See Kueng (2018) and Hamilton et al. (2023) for empirical evidence of high 

MPCs from large transfers. Hamilton et al. (2023) argue that a two-asset model 
with naive present bias is consistent with the evidence they document whereas 
the version with exponential discounting is not. Attanasio, Kovacs, and Moran 

(2024) show that temptation preferences can also generate high MPCs out of large 
transfers. 

41. The MPX is also likely to be the more relevant concept for general equi- 
librium analyses, since the MPX captures changes in overall consumption expen- 
diture on both durables and nondurables which is what matters for aggregate 
demand. 
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2013) document that over 75% of spending from the 2008 fiscal 
timulus was on durable goods. 

To bridge the gap between notional consumption and ex- 
enditure, we follow the method of Laibson, Maxted, and Moll 
2022) for converting our model’s predictions about MPCs into 

redictions about MPXs. Table II reports the model’s MPX pre- 
ictions. As with MPCs, the present-bias benchmark features el- 
vated quarterly MPXs that remain large even for large wealth 

ransfers. Elevated MPXs out of large transfers is consistent with 

agereng, Holm, and Natvik (2021) , who use Norwegian adminis- 
rative data to estimate that lottery winners of amounts ranging 

rom $8,300 to $150,000 spend 50% of their prize within the year 
f winning. 

The final two rows of Table II summarize credit card borrow- 
ng. In the exponential benchmark, only 0.1% of households are 

onstrained, and only 27% of households hold credit card debt 
compared to 53% in the SCF). The present-bias benchmark is 

ore in line with the data: 12% of households are constrained 

nd 47% hold credit card debt. 

V. RESULTS: MACRO-ST ABILIZA TION POLICY WITH PRESENT BIAS 

We present our results for fiscal and monetary policy under 
resent-biased time preferences. We start all policy counterfactu- 
ls from the pre-shock “steady state” with r ∗ = 1% . 

.A. Fiscal Policy 

We first study the efficacy of fiscal policy. Starting from 

he “steady state” at time t = 0 , the government (unexpectedly) 
akes a one-time stimulus payment of $1,000 to each house- 
old. This stimulus payment is financed by a flow income tax 

evied on all households in perpetuity, which is chosen to sat- 
sfy the government budget constraint in our environment with 

 stochastic interest rate on government debt. Specifically, the 

overnment follows a simple fiscal rule: at each point in time 

 > 0 , levy a (stochastic) flow income tax on all households that 
s “just a little bit higher” than the additional (stochastic) inter- 
st payments resulting from the initial stimulus. As we explain 

n Online Appendix F.1, this simple fiscal rule ensures that the 

overnment budget constraint is satisfied and that government 
ebt eventually reverts to its initial steady-state level. This sim- 
2024
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FIGURE IV 

Consumption Response to Fiscal Policy 

This figure presents the IRF of aggregate consumption to a fiscal stimulus of 
$1,000. The corresponding table provides the cumulative consumption response. 
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ple modeling trick could also prove useful in other environments
with stochastic interest rates. 

Given that a substantial fraction of households are finan-
cially constrained and that households have finite working lives
(without transfers across generations), Ricardian equivalence
does not hold in our model ( Barro 1974 ). In fact, the initial short-
run consumption response under this tax scheme is similar to
that without imposing a government budget constraint. Intu-
itively, the costs of the initial fiscal stimulus are spread over
a long horizon (resulting in a small per period tax) and borne
largely by future generations ( Blanchard 1985 ). 

Figure IV plots the impulse response function (IRF) of aggre-
gate consumption to this $1,000 fiscal transfer. To make this IRF
easier to connect to MPCs, we scale the consumption response
 2024
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t time t by the size of the initial fiscal transfer. We provide the 

umulative (scaled) consumption responses over different time 

orizons in the corresponding table. The model’s predicted con- 
umption responses can also be interpreted using the “intertem- 
oral MPC” framework of Auclert, Rognlie, and Straub (2018) , 
ho show that this dynamic spending response is important for 

haracterizing the general equilibrium propagation of fiscal pol- 
cy shocks. 

The results in the figure and table show clearly that the 

hort-run potency of fiscal policy is amplified when β < 1 . The in- 
uition for this result is provided by Figure III . The β < 1 calibra- 
ion features larger MPCs at the borrowing constraint as well as 
 larger mass of constrained households. This dual result of large 

PCs for constrained households combined with a large share 

f constrained households makes fiscal policy very powerful for 
< 1 . 42 

1. Fiscal Policy Implementation: Liquidity. In response to 

he 2007–2008 financial crisis, policy makers used a mixture of 
iquid and illiquid fiscal transfers (e.g., stimulus c hec ks versus 

ortgage principal reductions). To study these different transfer 
esigns in our model, Online Appendix Figure 15 compares the 

onsumption response following a liquid fiscal transfer to an illiq- 
id mortgage reduction of the same magnitude. In the present- 
ias benchmark, we find that the large consumption response 

hown in Figure IV relies critically on the transfer being liquid. 
his is because the liquidity-constrained households who drive 

hat consumption response are unable to immediately consume 

ut of illiquid home equity. Such sensitivity to transfer liquidity 

s consistent with Ganong and Noel (2020) , who use variation in 

ortgage modification programs following the financial crisis to 

ocument that liquidity is the critical driver of short-term house- 
old consumption decisions. Alternatively, the consumption re- 
ponse in the exponential benchmark is far less sensitive to the 

iquidity of the transfer. 
42. Table II and Online Appendix Figure 12 show that MPCs remain elevated 
ven for large transfers, suggesting that present bias also allows fiscal policy to 
emain potent when implemented at larger scales. 
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FIGURE V 

Consumption Response to Monetary Policy 

This figure plots the percent change in aggregate consumption following an in- 
terest rate cut from 1% to 0%. The corresponding table provides the cumulative 
consumption response in present-value terms. The line labeled 1Q No Proc. plots 
a counterfactual consumption response that starts from the present-bias bench- 
mark but shuts off refinancing procrastination for one quarter after the rate cut. 
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V.B. Monetary Policy 

Next we study the impact of stimulative monetary policy.
Starting from the “steady state” where r ∗ = 1% and all house-
holds have a mortgage interest rate of r m 

t = r ∗ + ω 

m , interest rates
are cut from 1% to 0% and held at 0% for three years. 43 Figure V
illustrates the consumption response to this 1% rate cut in our ex-
43. Because we only study the three-year response, we do not need to specify 
the interest rate path beyond that horizon. While our monetary policy experiment 
examines just one sample path of interest rates for simplicity, households continue 
to have calibrated interest rate expectations along that sample path. 

 on 24 O
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onential and present-bias benchmarks compared to the “steady 

tate.” We also provide the present value of these consumption 

esponses in the corresponding table (discounted at the market 
nterest rate). 

In both cases, approximately 70% of households find them- 
elves in a refinancing region after the rate cut. By encouraging 

ouseholds to refinance, an important feature of this interest rate 

ut is that it provides an opportunity for households to extract 
ome equity. Indeed, roughly 75% of households who refinance 

ngage in a cash-out refinance. Details of the refinancing decision 

re presented in Online Appendix F.3. 
Starting with the exponential benchmark, Figure V shows 

hat this case features a 3.7% increase in consumption on impact, 
hich then decays slowly over longer horizons. Intuitively, the 

ate cut induces a wave of cash-out refinances on impact, and this 
xtracted home equity is steadily spent down over time. Turning 

o the present-bias benchmark, the solid red line shows a similar 
n-impact consumption response to the rate cut. But, in contrast 
o the exponential benchmark, the present-bias benchmark also 

xhibits essentially no decay in potency over the three-year period 

hat we study. 
To provide intuition for the present-bias benchmark, the 

ransparent red line labeled 1Q No Proc. plots a counterfac- 
ual consumption response where we start from the present-bias 
enchmark but shut off refinancing procrastination for one quar- 
er after the rate cut. Without procrastination, we see that mon- 
tary policy is roughly twice as effective on impact but burns 
ut quickly over time. The intuition is the same as for fiscal pol- 
cy: the rate cut incentivizes households—especially those who 

re constrained—to extract equity from their home. In this way, 
he refinancing channel of monetary policy imitates the liquidity- 
njection features of fiscal policy. Since present-biased households 
verconsume out of liquid wealth, this wave of home-equity ex- 
ractions produces a large consumption boom. 

Connecting this counterfactual experiment to our present- 
ias benchmark, the key difference is that households procrasti- 
ate on refinancing. Though procrastination lowers the consump- 
ion response to monetary policy on impact, it also helps sustain 

hat response over time as households slowly get around to refi- 
ancing. 

A noteworthy feature of the present-bias benchmark is that 
he consumption response to monetary policy in Figure V is 
2024
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mildly hump-shaped, reaching its peak after around two years.
Online Appendix Figure 18 shows that this hump shape can also
be more pronounced if the procrastination duration is shorter. 44 

A hump-shaped response of aggregate consumption to monetary
policy shocks is a common finding in the literature estimating
such IRFs using time-series data (e.g., Rotemberg and Woodford
1997 ; Christiano, Eichenbaum, and Evans 2005 ). Present bias
with procrastination thus has the potential to qualitatively gen-
erate this empirical finding. 45 

There is also an emerging literature showing that the refi-
nancing channel of monetary policy is sensitive to the time path
of mortgage interest rates ( Berger et al. 2021 ; Eichenbaum et al.
2022 ). We highlight a different form of sensitivity: sensitivity
to procrastination. Procrastination means that households are
slow to adjust on their refinancing margin, prolonging the pass-
through of monetary policy to household consumption. 

1. Consumption Response Decomposition: Three Channels.
Monetary policy affects household consumption through three
channels. First, there is the standard direct effect on liquid
wealth—the change in interest rate r t affects the household’s re-
turn on b t . 46 Second, the interest rate cut gives households the
option to refinance into a lower-rate mortgage. Third, households
can extract home equity when refinancing their mortgage. 

We decompose the initial consumption response to monetary
policy into its three components. First, we isolate the direct effect
on liquid wealth by shutting down households’ ability to adjust
their mortgage. Second, we reintroduce the ability for households
to conduct a rate refinance but keep the cash-out channel shut
44. Intuitively, even short bouts of procrastination will limit the on-impact 
consumption response, since many households need to extract home equity be- 
fore they can increase consumption. But when procrastination is only short-lived, 
a wave of home equity extractions still follows quickly after the rate cut. Thus, 
short bouts of procrastination generate a muted on-impact, but large subsequent, 
response to monetary policy, which then burns out as households consume their 
cash-out—that is, a hump-shaped consumption response. 

45. See also Auclert, Rognlie, and Straub (2020) , who propose “sticky expec- 
tations” as a source of such hump-shaped IRFs. 

46. In particular, the direct effect on liquid wealth includes the usual income 
and substitution effects, which are the focus of most single-asset models of mone- 
tary policy. 
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TABLE III 
CONSUMPTION RESPONSE DECOMPOSITION 

Exponential (%) Present bias (%) 

Step 1. No adjustment 0.81 0.84 
Step 2. No cash-outs 1.78 1.89 
Step 3. Full response 3.74 3.60 

Notes. This table decomposes the channels through which monetary policy produces a consumption re- 
sponse (on impact). The first row presents the consumption elasticity when households are not allowed to 
adjust their mortgage. The second row allows for rate refinances only. The third row presents the full re- 
sponse. 
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own. 47 Third, we reintroduce the cash-out channel to get back to 

he benchmark results shown in Figure V . 
Table III presents this decomposition. Each cell gives the on- 

mpact consumption elasticity in the modified model. 48 In both 

alibration cases, the liquid wealth channel and the rate refinanc- 
ng channel each drive roughly one-quarter of the total consump- 
ion response, with the bulk of the response coming from the cash- 
ut channel of monetary policy. 49 

.C. Summary 

Present bias creates both high MPCs and a large share of con- 
trained households. Because these households are quick to spend 

own liquidity, present bias makes fiscal policy a powerful and ro- 
ust tool for generating a short-run consumption boom. Present 
ias also increases the potency of monetary policy for a similar 
eason: rate cuts produce cash-out refinances, which mirror the 

iquidity injection features of fiscal policy. Though powerful, the 

efinancing channel of monetary policy is sensitive to refinancing 

nertia. Procrastination increases the lag between rate cuts and 

efinancing, generating a milder but longer-lived stimulus. 
47. To do this, we modify the refinancing budget constraint in equation (5) so 
hat households cannot increase their liquid wealth by refinancing; that is, b ′ � b t . 

48. In all three steps we use the pre-shock distribution of households from 

he full model. This prevents the distribution of households from changing as we 
hange households’ access to refinancing technology. 

49. One important caveat here is that our model provides an incomplete pic- 
ure of the spending response to cash-outs. In particular, while households often 

eport using extracted home equity for residential investment (e.g., Greenspan 

nd Kennedy 2008 ), this channel is broadly missing from our model with fixed 
ousing h . 
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V.D. Extensions 

1. Distributional Effects of Fiscal and Monetary Policy.
Online Appendix D.1 leverages the heterogeneous-agent struc-
ture of the model to explore how present bias affects the distribu-
tional consequences of policy. 50 The key takea wa y from this anal-
ysis is that present bias reverses the distributional consequences
of fiscal versus monetary policy. In the exponential benchmark,
monetary policy is an effective way to stimulate the consumption
of low-consumption households: a cut to interest rates allows low-
consumption households to refinance. In the present-bias bench-
mark, procrastination implies that monetary policy no longer
stimulates the short-run consumption of constrained households.
Instead, fiscal policy is highly effective at increasing the short-run
consumption of low-consumption households. 

2. Shocks to House Prices and Income. Online Appendix D.2
examines the effect of house price shocks and recessionary in-
come shocks on our results. House price shocks are of particular
interest for our analysis, because they can quickly create or de-
stroy the home equity that is central to the refinancing channel
of monetary policy (e.g., Beraja et al. 2019 ). Though the magni-
tude of the consumption response to monetary policy is sensitive
to house price shocks, our main result that present bias amplifies
this response continues to hold. 

3. A Call to ARMs? Thus far we have assumed that house-
holds have fixed-rate mortgages (FRMs) to reflect the typical
features of the U.S. mortgage market. However, adjustable-rate
mortgages (ARMs) are often the modal mortgage contract outside
of the United States ( Badarinza, Campbell, and Ramadorai 2016 ).
Moreover, since the 2007–2008 financial crisis, many economists
have argued that downwardly flexible mortgages may improve
macroeconomic stability by creating a direct transmission of
rate cuts to household mortgage payments (e.g., Eberly and
Krishnamurthy 2014 ; Andersen et al. 2020 ; Campbell, Clara, and
Cocco 2021 ; Guren, Krishnamurthy, and McQuade 2021 ). 

In Online Appendix D.3 we explore how present bias inter-
acts with ARMs and highlight a novel trade-off between FRMs
50. See also Wolf (2021) for a comparison of the distributional effects of mon- 
etary and fiscal policy. 
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nd ARMs that policy makers should be aware of when consid- 
ring different mortgage contract designs. On the one hand, the 

enefit of ARMs is that the direct pass-through of monetary policy 

ffsets refinancing procrastination. On the other hand, ARMs also 

educe the cash-out channel of monetary policy—which is particu- 
arly potent when households are present biased—because ARMs 
mply that households no longer need to refinance when rates fall. 
hough our model is too stylized to make rigorous quantitative 

laims, we find that these two effects roughly offset in our bench- 
ark calibration. 

4. Discussion of General Equilibrium. Online Appendix G 

iscusses how present bias could affect the transmission of mon- 
tary and fiscal policy in a full general equilibrium analysis. We 

rovide only a brief discussion through the lens of the literature 

n Heterogeneous Agent New Keynesian (HANK) models. Fully 

valuating the impact of present bias in a general equilibrium 

odel is an important task for future work. 

VI. CONCLUSION 

This article’s main messages are twofold. First, present bias 
mproves the model’s ability to replicate a variety of empirical 
atterns exhibited in household consumption-saving behavior. 
econd, present bias amplifies the balance-sheet channels of both 

scal and monetary policy but, at the same time, slows down the 

ransmission of monetary policy due to refinancing procrastina- 
ion. 

We conclude by repeating a number of limitations of our anal- 
sis. First, we do not model general equilibrium forces and touch 

n this issue only briefly in Online Appendix G. Second, our model 
bstracts from many important macroeconomic dimensions. We 

ocus on a subset of the population, homeowners. We do not model 
he endogenous responses of the financial sector nor do we model 
usinesses, both of which are affected by macroeconomic stabi- 
ization policy. Third, even in partial equilibrium, the household 

ide of our model is highly stylized. Fourth, our discussion on the 

iming of fiscal and monetary policy abstracts from policy lags 
hich, in practice, are a critical difference between the speed of 
scal versus monetary policy. Fifth, we do not study the welfare 

onsequences of fiscal and monetary policy. All of these consider- 
tions are likely fruitful areas for future research. 
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