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Abstract

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 bor-
rowing. Because present bias substantially increases households’ marginal propensity
to consume (MPC), present bias increases the impact 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 liquidity-injections to high-MPC households. But
present bias also introduces a motive for households to procrastinate refinancing their
mortgages, which slows down the speed with which this monetary channel operates.

*We are grateful to Adrien Auclert, John Campbell, Xavier Gabaix, Lu Liu, and Matt Rognlie for useful
comments. Seung Hyeong Lee provided excellent research assistance.



1 Introduction

The idea that dynamically inconsistent preferences may alter individuals’ dynamic choices
has a long tradition going back to Strotz (1956) and a particular form of dynamic inconsis-
tency, present bias, has received empirical support in both laboratory and field studies (e.g.,
Ashraf et al., 2006; Augenblick et al., 2015; Laibson et al., 2020; 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).!

The two most commonly used tools of macroeconomic stabilization policy — monetary
and fiscal policy — operate in large part by affecting household consumption and investment
decisions, two leading examples of the types of dynamic choices that are affected by present
bias. It is therefore natural to ask whether and to what extent present bias alters the
quantitative impact of these policy tools. To answer these questions, we develop and calibrate
a heterogeneous-agent consumption model and use the model to evaluate the impact 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 monetary and fiscal policy,

as well as the channels through which present bias interacts with these balance sheet features.

We set our model in partial equilibrium in order to focus on the details of the household
problem. Time is continuous, and we compare the exponential-discounting benchmark to
a tractable, and empirically realistic continuous-time limit of present-biased discounting
(Harris and Laibson, 2012; Laibson and Maxted, 2020; Maxted, 2020). In addition to present
bias, we assume that households have naive beliefs, meaning that households do not foresee
their own future present bias (Strotz, 1956; Akerlof, 1991; O’Donoghue and Rabin, 1999,
2001).

The household budget constraint includes stochastic auto-correlated labor income and
stochastic auto-correlated interest rates. On the asset side of the household balance sheet,
the model features a liquid savings account and an illiquid home. Households can build
a buffer stock of liquid wealth to insure against income fluctuations, and can accumulate
home equity by paying down their mortgage. On the liabilities side of the balance sheet,
households have access to two forms of debt: credit cards and mortgages. Households can

!Throughout this paper, we use “present bias” to refer specifically to quasi-hyperbolic discounting. Other
equivalent terms are: “($-0 preferences” in discrete-time models; and “Instantaneous Gratification prefer-
ences” in continuous-time models like the one in this paper.



borrow on their credit cards up to a calibrated limit. If they have enough home equity,
they can also borrow against their home by refinancing their mortgage. We calibrate our
heterogeneous-agent model to reproduce two empirical regularities on household balance
sheets: the average quantity of credit card debt and the average loan-to-value ratio in the

housing market.?

In order to focus on the effects of mortgage refinancing, we study homeowners, a large
fraction of the population: 66% of U.S. housing units are owner-occupied. Homeowners
represent an even larger fraction of aggregate income and consumption, and homeowners
are the most important channels for fiscal (Cloyne and Surico, 2017) and monetary policy
(Wong, 2019; Cloyne et al., 2020).

Our main result is that relative to exponential discounting, present bias amplifies the
balance sheet mechanisms of both fiscal and monetary policy, though the effects on fiscal
policy are stronger and more robust.

Fiscal policy is powerfully enhanced by present bias, because present bias sharply raises
households’ average marginal propensity to consume (MPC) (Angeletos et al., 2001). Present
bias increases both the share of liquidity constrained households and the MPC at the con-
straint. With present bias, the liquidity of fiscal transfers becomes vital. Because the con-
sumption response is driven by constrained households, it is critical that fiscal policy comes
as a liquid transfer (e.g., checks in the mail) rather than an illiquid transfer (e.g., mortgage
principal reductions). This drastic difference only exists for the economy with present bias.
Households who discount exponentially will have a larger stock of liquidity, giving them an
additional margin to adjust in order to consume out of an illiquid fiscal transfer.

We show that the effects of present bias are quantitatively large. In our Exponential
Benchmark model the (one-quarter) MPC is predicted to be 4% and the (one-quarter)
marginal propensity for expenditure (MPX), which includes spending on both non-durables
and durables, is predicted to be 14%. Under the Present-Bias Benchmark, the MPC rises
from 4% to 13% and the MPX rises from 14% to 32%. These higher propensities to con-
sume and spend are more consistent with the empirical literature, which estimates quarterly
MPCs for non-durables on the order of 15-25% for transfers of $500 — $1000 (Kaplan et al.,
2018). Though many papers contain larger marginal spending estimates, these are typically
estimates of the marginal propensity to spend on all goods and services, including durables
— what we call the MPX. The distinction between the MPC and the MPX is important for
mapping empirical estimates into the model. Further discussion is provided in Section 4.

2The version of our model with exponential discounting is similar to that of Guerrieri et al. (2020) with
two main differences: we assume that housing is fixed and cannot be adjusted while they model a costly
housing adjustment decision, and our model features credit card debt while theirs does not. Also see Berger
et al. (2017), Kaplan et al. (2017), Wong (2019), Eichenbaum et al. (2018), and Berger et al. (2018a) for
related models of household housing and mortgage refinancing decisions. Like us, Guerrieri et al. (2020) and
McKay and Wieland (2019) use the continuous-time methods of Achdou et al. (2017) to solve their models.



Present bias also amplifies the overall effect of monetary policy, but slows down the speed
of monetary transmission (an offsetting effect). Interest rate cuts incentivize households to
conduct cash-out refinances, which serve as targeted liquidity-injections 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 procrastinate on refinancing
their mortgage, which substantially slows down the speed at which this channel operates.
Intuitively, naive present bias implies that households will delay completing immediate-cost
delayed-reward tasks such as mortgage refinancing, which tends to take weeks and involves
lots of up-front paperwork. Naive households will continually delay 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 amplifies 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 modeling choices
that amplify MPCs typically deliver smaller consumption responses to interest rate changes
(Werning, 2015; Olivi, 2017; Kaplan et al., 2018; Auclert, 2019; Slacalek et al., 2020).> Our
model instead delivers a larger responsiveness to monetary policy precisely because of the
higher MPCs: interest rate cuts incentivize households to conduct cash-out refinances, which

become targeted liquidity-injections to high-MPC households.

Our final result is that present bias reshapes the distributional consequences of macroeco-
nomic stabilization policy. Without present bias, the refinancing channel of monetary policy
is a powerful means of increasing the consumption of low-consumption households. This
channel is less powerful with present bias because households procrastinate on refinancing.
Instead, fiscal policy becomes the effective policy tool for increasing the consumption of
low-consumption households. The inability for present-biased households to maintain liquid
wealth buffers also implies that the present-biased economy will feature a larger mass of low-
consumption households. This heightens the importance of understanding the implications
of stabilization policy on the consumption of constrained households.

Though our model is stylized, the steady state of the present-biased economy replicates
a variety of empirical patterns from the household finance literature, including the literature
on MPCs and MPXs. The present-biased economy generates empirically-plausible levels of
high interest credit card borrowing by homeowners (Zinman, 2015), cash-out behavior, and
loan-to-value (LTV) ratios. It also features a buildup of liquidity-constrained households that
is consistent with empirical estimates of households’ propensity to consume out of increases

3This 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. For example, Auclert shows that the substitution effect of a small, one-period interest rate change
dr on consumption c is dlogc®S = IES x (1 — MPC) x dr, where IES is the intertemporal elasticity of
substitution — also see the exposition in Slacalek et al. (2020).



in credit card borrowing limits (Gross and Souleles, 2002; Agarwal et al., 2018). Present-
biased households struggle to smooth consumption, resulting in a consumption function with
discontinuities at the borrowing constraint (Ganong and Noel, 2017). The time-profile of
MPCs is consistent with the intertemporal MPC evidence presented in Auclert et al. (2018)
(using data from Fagereng et al. (2019)). Moreover, the present-biased economy generates
differential MPCs out of liquid cash transfers versus illiquid home equity increases, a pattern
shown empirically by Ganong and Noel (2018).*

Finally, there is a large literature documenting refinancing inertia: the proclivity for
households to delay refinancing when it is financially optimal to do so (e.g., Keys et al.,
2016; Andersen et al., 2019; Johnson et al., 2019). We show that present bias with naive
beliefs provides a natural motivation for this behavior.

Section 2 lays out our model of the household balance sheet mechanisms of monetary
and fiscal policy. Section 3 characterizes the effect of present bias on household consumption
and refinancing decisions. Section 4 discusses an important aspect for taking consumption-
saving models to the data, namely how to map marginal propensities to consume (MPCs) to
marginal propensities for expenditure (MPXs) that include durable expenditures. Section
5 discusses our calibration and what it implies for the model’s steady state. Section 6
presents our main results about macroeconomic stabilization policy. Section 7 examines the
robustness of our results to aggregate house price and income shocks. Section 8 extends
our monetary policy analysis to an economy with adjustable-rate mortgages, and discusses

general equilibrium effects. Section 9 concludes.

2 A Model of Household Finances with Present Bias

Our model is set in partial equilibrium. The goal of the model is to capture the interaction
of complex household behavior with fiscal and monetary policy. Abstracting from general
equilibrium considerations allows for a richer, and more straightforward, investigation of
the household problem. Our partial equilibrium results should be interpreted as just one
part of the overall macroeconomic analysis, providing inputs into richer general equilibrium
frameworks. We return to this theme in Section 8.2, which briefly discusses how present bias

may alter the transmission of macroeconomic policy in a full general equilibrium analysis.

4Besides present bias, other deviations from standard exponential discounting also have the potential to
help match empirical MPCs. For example Kovacs and Moran (2019) study a model with both liquid and
illiquid assets and show that temptation preferences can help in this regard.



2.1 The Household Balance Sheet

There is a unit mass of households that are heterogenous in their wealth and income. Here

we outline the evolution of the household balance sheet.

Budget Constraints. FEach household faces idiosyncratic income risk. Income takes one
of three values y; € {yr, Y,y } and evolves according to a Poisson process.> We normalize
the average income flow to 1.

Households hold three types of assets: liquid wealth b, illiquid housing h, and a fixed-
rate mortgage m;. For simplicity we assume that each household is endowed with a home of
fixed value h.° The remainder of the household balance sheet evolves as follows:

by = yp + by + Wb, — (1" +Emy — ¢, (1)
mt == —fmt, (2)

subject to the borrowing constraint b, > b and the loan-to-value (LTV) constraint m,; €
[0,0h]. Equation (1) characterizes the evolution of liquid wealth b;. Equation (2) describes
the evolution of mortgage balances. Explaining equation (1), households earn income y;
and have a consumption outflow of ¢;. The return to liquid wealth is given by b, + wb; ,
where b, = min{b;,0}. w® > 0 is a credit card borrowing wedge, which generates a “soft
constraint” at b = 0 (Kaplan and Violante, 2014; Achdou et al., 2017). The household’s
total mortgage payment is captured by (77" + &)m;. This is composed of a mortgage interest
payment (r}* x m;) and a principal repayment (£ x m;). To economize on state variables,
we make the slightly non-standard assumption that the household pays down its mortgage
at a constant proportional rate £ (Agarwal et al., 2013). The more realistic assumption of a

constant flow payment would instead require an additional state variable.

The borrowing constraint is important for our results, so we emphasize its effects here.
In continuous time, the consumption rate ¢; is unconstrained for all b; > b: any finite rate of
consumption can be adopted without violating the borrowing constraint, so long as that rate
of consumption persists for a short enough period of time (Achdou et al., 2017). However,
at the liquid wealth constraint of b; = b the household is restricted to consume at a rate

et <y + (re +w)b — (1" + &)my. (3)

5Our model will allow for a wedge between the interest rate on borrowing versus saving (i.e., a soft
constraint). In consumption-saving models such as this, three income states are the minimum number of
states that are needed to generate a mass of households who borrow, a mass of households at the soft
constraint, and a mass of households who save (Achdou et al., 2017).

SWe study only households’ short-run response to fiscal and monetary policy, and house prices are slow-
moving over short horizons (Case and Shiller, 1989). Section 7.1 presents an extension with house price
shocks.



In short, consumption will be unconstrained for all b; > b, but features an occasionally-
binding constraint when b; = b.

Equations (1) and (2) characterize how the household’s balance sheet evolves contin-
uously. Households also have the option of paying a fixed cost to discretely adjust their
mortgage. We provide details of this discrete adjustment process, which includes the option

to refinance, further below after outlining the interest rate process.

Interest Rates. The real interest rate is denoted r,. We assume that r; follows a finite
state Poisson process. Since our goal is to study the effect of changes in mortgage rates we
will treat 7, as a long rate (e.g., 10-year TIPS). When discussing monetary policy in Section
6, we implicitly assume that the Federal Reserve is implementing the necessary short rate
adjustments to generate the corresponding changes in long rate ;. The calibration of the
interest-rate process is discussed in Section 5.1. Households have rational expectations about
this interest-rate process. Because this paper studies the refinancing channel of monetary
policy, it is important that households have reasonable expectations about how mortgage

rates evolve over time.”

Each household pays a mortgage interest rate r;*. To capture realistic 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;* = r; +w™,

where w™ represents the mortgage borrowing wedge over the current interest rate r;.

Discrete Adjustments and Mortgage Refinancing. The laws of motion specified by
equations (1) and (2) describe how liquid wealth and mortgage balances evolve continuously.
In the model, 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 their mortgage. We provide details of these options below.

A household’s first adjustment option is to prepay its mortgage. Prepayment requires a
small fixed cost of kP"P% # We introduce this prepayment option because mortgage contracts
typically allow households the option to pay down their mortgage faster than contractually
required. In particular, the household chooses a new liquid wealth value ' and a new

"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.

8We impose a small fixed cost of approximately $200 for numerical stability. This small fixed cost can be
thought of as capturing, for example, the time cost of the additional budgeting required to make a mortgage
prepayment.



mortgage value m’ such that
bV —m' =b, —my — kP"PY subject to m’ € [0,m;) and V' > b. (4)

Prepayment does not affect the mortgage interest rate, which remains the same as before
the adjustment decision. By using part of their liquid wealth to prepay their mortgage,
households are effectively shifting their portfolio from a low-return liquid asset to a high-
return illiquid asset.” Home equity is illiquid because it can only be accessed through a
cash-out refinance. But, the benefit of accumulating home equity is that wedge w™ makes
mortgage debt costly. Households will therefore first build a buffer-stock of liquid wealth
and then use additional liquidity to prepay their mortgage.

A household’s second adjustment option is to refinance their mortgage. Refinancing
requires payment of a fixed cost of x"/*. When refinancing, the household chooses a new
liquid wealth value b’ and a new mortgage value m’, such that

V —m' = b, —my — ™" subject to m’ € [0,0h] and b’ > b. (5)

By refinancing, the household also resets the interest rate on its mortgage to rj* = r + w™.

Though refinancing requires up-front costs, there are two reasons why households may
choose to refinance. First, if the market interest rate falls then refinancing “locks in” lower
mortgage interest payments. Second, refinancing allows households to rebalance their asset
allocation across liquid wealth and illiquid home equity. For example, a cash-out refinance
lets households convert illiquid home equity into liquid wealth. Accessing home equity
is useful during spells of low income (consumption smoothing), and also as a means of
converting costly credit card debt into cheaper mortgage debt.'?

These two motives for refinancing are not mutually exclusive. Consider an interest rate

refi the case where it is

cut. Once a household decides to pay the refinancing fixed cost of k
optimal to not rebalance (i.e., m’ = my) is a knife-edge case. Indeed, one of our main results
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 stochastic effort cost of
e;. This effort cost e, is intended to capture the discomfort associated with making household

budgeting decisions, negotiating with mortgage brokers, etc. Effort cost e; is assumed to

9Kaplan and Violante (2014) highlight how high-return illiquid assets can prevent households from build-
ing sizable liquid buffer stocks. Laibson et al. (2020) demonstrate that asset illiquidity combined with
present bias allows lifecycle consumption-saving models to match the joint accumulation of credit card debt
and illiquid savings that characterizes the balance sheet of many American households.

OThere is a large literature on the consumption smoothing benefits of cash-out refinancing (e.g., Hurst
and Stafford, 2004; Chen et al., 2019).



follow a Poisson process. We will show in Section 2.3 that this effort cost provides us with

a natural mechanism for producing refinancing procrastination.

Finally, we note that our model does not allow for home equity lines of credit (HELOCs),
second mortgages, or reverse mortgages. These alternate mortgage products are much more
likely to be used when interest rates are rising, in order 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 paper focuses on the stimulative effect
of interest rate cuts.

Other Structural Assumptions. To capture exogenous mortgage adjustment dynamics
such as moving for a new job, we introduce an exogenous rate A\’ at which households are
forced to adjust their mortgage (and pay the cost to either refinance or prepay). We assume
that households adjust their mortgage optimally when they are forced to do so.

To capture lifecycle dynamics, we assume that households retire at rate \® 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 household who retires
at time ¢ receives a constant consumption flow of y; + 7#(h — my + b;) in perpetuity, where 7
is the average interest rate. We denote the exponentially discounted value of the retirement
consumption flow by v (bs, m;) = [u(yr, +7(h —ms +b;))]/p. This parameterization roughly
captures a retirement pension of size y; plus the annuity value of a household’s assets at
the time of retirement. Retired households are dropped from the model and are replaced by
new households who are endowed with the maximum LTV of m;/h = 6 and liquid wealth b;

drawn from a uniform distribution with support [0,y ].

Summary. The goal of our model is to provide a simple characterization of the house-
hold balance sheet features that are important for the conduct of macroeconomic stabi-
lization policy. This requires our partial equilibrium model to have six state variables:
(bey gy ye, 7, 1, €4). Liquid wealth b, and stochastic income g, introduce uninsurable in-
come risk and wealth heterogeneity. Mortgage m; introduces a realistic role for housing,
which is the primary illiquid asset held by most American households (Campbell, 2006).
Time-varying interest rate r, provides a role for monetary policy. Mortgage interest rate r;"
introduces a refinancing motive, and allows us to study the refinancing channel of monetary
policy. Formally, effort cost e, is our sixth state variable. However, we will make simplifying
assumptions in Section 2.3 so that we do not need to keep track of e, when solving the model

numerically.

To simplify notation, we will let z; = (by, my, yi, 77", 11, €;) denote the vector of state vari-
ables that characterize the household problem. We will use g;(x) to denote the distribution



of households over the state space at time ¢t. At any point in time, households can be het-
erogeneous in dimensions by, my, yi, vy, and e;. All households face the same time-varying

market interest rate r;.

2.2 Utility and Value
Utility. Households have CRRA utility over consumption:!

1=y _

o) =

Time Preferences: Instantaneous Gratification. This paper’s key departure from
rationality is the household’s discount function. Households have naive Instantaneous Grat-
ification (IG) time preferences. IG time preferences were first derived by Harris and Laibson
(2012), and are extended in Laibson and Maxted (2020) and Maxted (2020). In discrete time
the quasi-hyperbolic discount function is given by 1, 36, 362, 363, ... . 1G preferences are the
continuous-time limit of this discount function, where each self lives for a vanishingly small
length of time.

IG time preferences can be summarized as follows. For ¢t > 0, the IG discount function
D(t) is:

1 ift=20
POES S (6)
Be Pt ift>0

Since the current instantaneous self discounts all future selves by factor 3, discount function
D(t) features a discontinuity at ¢ = 0 whenever 5 < 1. The IG household values instanta-
neous utility flows, and all later utility is discounted by 3. Note that § = 1 recovers the

standard, time-consistent, exponential discount function.

We assume that households are naitve 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 # < 1, while expecting that
all future selves will be exponential discounters (5 = 1). We make this assumption for two
reasons. First, as we show below, naiveté gives rise to procrastination. Second, it simplifies
the analysis. For analyses of the more complicated case with fully or partially sophisticated
present bias see Cao and Werning (2016) and Maxted (2020).

1We could also let households earn utility over housing h. However, we ignore this element since housing
h is constant. This assumption is isomorphic to households having separable utility over consumption and
housing, or CES utility with a unitary elasticity of substitution.
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As detailed in Laibson and Maxted (2020), IG preferences are a mathematically tractable
limit case. They are not a psychologically realistic model of time preferences. The temporal
division between “now” and “later” is certainly longer than a single instant d¢.'?> Nonetheless,
Laibson and Maxted (2020) show that discrete-time models with psychologically appropriate
time-steps (e.g., each period lasts for one day or one week) are closely approximated by a
continuous-time IG model. This paper 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 standard time-consistent preferences.

Ezxponential discounting is recovered by setting f = 1.

Value Function (f = 1). We start by presenting the value function for an exponential
(8 = 1) household. We present the value function in steps, suppressing notation at first in
order to clarify the structure of the household’s decision-making problem. As a first step,
the value function of a # = 1 household can be defined as a sequence problem:

o) = o EO[/O e u(er)dt + e (v (2r) — e;)| with

v*(z;) = max {vprep“y(m), vrefi(xt)}

VPP () = max vV, m! g, e, €)  s.t. prepayment constraint (4) holds
/’m/

(7)

vl (2,) = max vV, m! Y, e + W™, ep) 8.t refinancing constraint (5) holds
/’m/

Equation (7) suppresses all Poisson shocks inside the expectation operator.

The integral Eq [ [ e *u(c;)dt] captures the utility that the household accrues from
consumption, which the household chooses continuously. The term Eq[e™*7(v*(z,) — e,)]
captures discrete adjustment, which the household chooses at time 7 (a stopping time).
These discrete adjustments form an optimal stopping (option value) problem. Function v*
denotes the optimal value function conditional on adjusting, which also requires effort cost
e-. Adjustment takes the form of either mortgage prepayment or refinancing. Note that the
mortgage interest rate remains constant when the household chooses a mortgage prepayment,

while refinancing resets the mortgage interest rate to r;, + w™.

Equation (7) highlights that the household faces a simultaneous optimal control problem
plus an optimal stopping problem. The household continuously chooses consumption ¢;, and
also possesses the option to discretely rebalance their asset allocation across liquid wealth and

12 Augenblick (2017) estimates that the division between “now” and “later” is approximately 2 hours. Using
fMRI data, McClure et al. (2007) find a 50% discount rate over one hour for food rewards. More generally,
Augenblick (2017) and Augenblick and Rabin (2017) show that essentially all discounting occurs within one
week. See also DellaVigna (2018) for a discussion.

11



illiquid home equity. To capture these dual decisions, the value function in equation (7) can
also be expressed as a Hamilton-Jacobi-Bellman Quasi-Variational Inequality (HJBQVT).'3
Starting with compact notation to highlight the general structure of variational inequalities:

0 = min {pv(z) — [mcax u(e) + (Av)(z) |, v(z) — (v*(z) —e)}. (8)

Operator A is an infinitesimal generator, which we will define momentarily by writing out
equation (8) in a less compact fashion. The left branch of equation (8) captures the optimal
control problem while the right branch captures the optimal stopping problem. If it is not
optimal to adjust, the left branch imposes that value function v(z) satisfies a standard HJB
equation pv(z) = max u(c) + (Av)(x), while the right branch imposes that it is larger than
the value of adjustilig v(z) > v*(x) — e. If it is optimal to adjust, the right branch imposes
that the value function equals the value of adjusting: v(z) = v*(x) — e.

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

0 = min {pv(w) — max {u(c)—{—az(;(;) (y+rb+w*b” — (r" +&)m —c) (8

ov(x

e

+ pUncs [o(b,m,y, 7™, 7€) —v(b,m,y,r"™ 1 e)]
y'#y

+ Z PNimes [o(b,m,y, 7™, 7", e) —v(b,m,y,r™,r,¢€)]
r!'#£r

+ Z e [U(b, m,y, ", re) —v(b,m,y, ™, e)]
e'#e

+ B [UR(LE) — v(:z:)}

+\F [v*(a:) — v(aj)] },
v(x) — (v (x) — 6)}~

Each of the eight rows of equation (8') reflects the value function’s dependence on, respec-
tively, liquid wealth b (row one), the mortgage level m (row two), the income state y (row
three), the interest rate state r (row four), the effort cost state e (row five), retirement (row

13See Bensoussan and Lions (1982, 1984) and Bardi and Capuzzo-Dolcetta (1997). For additional details
and a discussion of more economic applications, see http://www.princeton.edu/~moll/HACTproject/liquid_
illiquid_numerical.pdf. Similar methods are employed by McKay and Wieland (2019) and Guerrieri et al.
(2020).
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six), forced refinancing (row seven), and discrete adjustment (row eight). In rows three
through five of the equation, which correspond respectively to the income process, the inter-
est rate process, and the effort process, we use notation A\*7** to denote the transition rate
from state s to state s’. A\ is the transition rate into retirement, and Af is the rate at which

households are forced to adjust their mortgage.

Value Functions (§ < 1). We now introduce naive present bias. The naive household
incorrectly perceives that all future selves will discount exponentially (5 = 1). Thus, the
value function v(z) that solves equation (7) — or equivalently (8) — characterizes the naive
IG household’s perceived value function starting in the next instant. For this reason, we will
refer to v(x) as the continuation-value function. The current-value function characterizes the
household’s perceived value of future utility flows in the current period. Since the current
self discounts all future selves by [, the current-value function of the naive IG household is

given by:

w(z) = max{ﬂv(x), wH(z) — e} with

w*(z) = max {w”" " (z), w ()}

wP" P () = max Bu®',m’ y,r™ r.e) s.t. prepayment constraint (4) holds
/’m/

(9)

w i (z) = max Bo(b',m' y,r+w™ re) s.t. refinancing constraint (5) holds

In the first line of equation (9), the left branch captures the current-value function when the
household does not adjust, and the right branch captures the current-value function when
the household chooses to adjust. Importantly, the utility flow of the current self does not
show up in equation (9). Because each self lives for a single instant of d¢, no individual
self’s utility flow has a measurable effect on the overall value function. Further discussion is
provided in Appendix B.2, which derives the naive IG model as the continuous-time limit of
a discrete-time model.

It is worth emphasizing again that, with naive present bias, the perceived value function
v on the right-hand side of (9) is the value function of the § = 1 household, i.e. the one
that solves (8). This property of naive present bias is the key reason for its tractability.
In particular, it implies that both theoretical and computational approaches can use the
following two-step procedure: first, solve the value function v of an exponential § = 1
household from (8); second, find the value function of a present-biased 5 < 1 household

immediately from (9) (for the policy functions, see Lemma 1 below).
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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 ¢ :  — [0,00) denote a household’s consumption
policy in state x = (b, m,y,r™, 1, e). Mortgage adjustment consists of two nested decisions.
First, conditional on adjustment the household chooses their new mortgage level m’ and
liquid wealth ¢'. Let m' : x — [0,0h] and ¥/ : © — [b,00) denote the household’s optimal
mortgage and liquid wealth choice, conditional on adjustment. Second, the household chooses
whether or not to adjust. Let R : x — {0, 1,2} denote whether a household finds it optimal
to not adjust (R = 0), prepay (PR = 1), or refinance (R = 2).

2.3 Procrastination

There is a large literature documenting that households are slow to refinance their mortgage
after interest rate declines (e.g., Keys et al., 2016; Andersen et al., 2019; Johnson et al.,
2019).'  Refinancing involves a series of up-front effort costs, such as negotiating with
mortgage brokers and making complex financial decisions, in exchange for long-run financial
benefits. Households with naive present bias will delay completing these sorts of immediate-
benefit delayed-reward tasks, continually deferring them for future selves (O’Donoghue and
Rabin, 1999, 2001; DellaVigna and Malmendier, 2004). In this way, naive present bias

provides one natural motivation for refinancing inertia: procrastination.

Keys et al. (2016) provide direct evidence of procrastination as an important channel
through which refinancing inertia arises. However, procrastination is just one of a multitude
of psychological channels that can produce refinancing inertia. The financial calculations
involved in making refinancing decisions are complex (Agarwal et al., 2013), and refinancing
involves both pecuniary and non-pecuniary short-term costs in exchange for uncertain long-
term benefits. This creates an environment where a variety of behavioral explanations —
such as trust in the financial system, financial illiteracy, sticky information, and bounded
rationality — will influence household decision-making.!® Our goal here is to provide a simple
and transparent model that captures the intuition for how psychological considerations can
influence household refinancing decisions.

To do so, we make use of the effort cost that households face to discretely adjust their
mortgage. In particular, we make assumptions on this effort cost that generate “Calvo”-
style procrastination for 5 < 1 households. We do this for three reasons. First, it is an
accurate representation of household refinancing behavior (Andersen et al., 2019). Second,
it is a tractable formulation that allows us to economize on state variables. Third, the

“There is also evidence that some households refinance too quickly (Agarwal et al., 2013, 2016). Our
model cannot capture this behavior.

15For references to some of these behavioral considerations, see respectively Johnson et al. (2019); Agarwal
et al. (2017); Mankiw and Reis (2002); Gabaix (2019).
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assumptions provide a straightforward mechanism to capture how naive present bias can

generate refinancing procrastination.

Assumption 1 Effort cost e, follows a two-state Poisson process e, € {0,e} such that:

1. € > 0 s vanishingly small.

2. e; switches from € to 0 at rate ¢. e; switches from 0 to € at a rate that approaches oo.

The first part of Assumption 1 represents the idea that households typically consider refi-
nancing to be a nuisance, but not costly in an economically meaningful sense. The second
part of Assumption 1 means that households occasionally experience windows of time in
which their reluctance to make budgeting decisions dissipates. Formally, Assumption 1 im-

plies that e, sits at €, and occasionally flicks down to e; = 0 for a single instant.

By making ¢ arbitrarily small, effort cost e; has no measurable impact on the behavior
of time-consistent 5 = 1 households. On the other hand, the small effort cost is sufficient to
generate procrastination when § < 1. In particular, present-biased households will always
choose to wait (one instant in expectation) whenever e, = ¢. The perceived benefit of
procrastinating is that the effort cost of adjustment gets pushed into the future, where it
is discounted by [. The perceived cost of delaying for one instant is infinitesimal. For
households to ever refinance, we also need the effort cost to occasionally flick to zero.!'S
Though stylized, this captures the sorts of life events, such as merging finances around a
marriage (Andersen et al., 2019) or hearing a friend’s positive experience with refinancing
(Maturana and Nickerson, 2019), which lower the marginal effort cost of refinancing. This

discussion is formalized in Proposition 2 below.

3 The Effect of Present Bias on Policy Functions

We are now prepared to describe the effect of present bias on the consumption and mortgage-
adjustment decisions. In order to characterize the policy functions of a present-biased house-
hold relative to a standard exponential household, we use hat-notation to denote the policy
functions of an otherwise-identical household that has § = 1. Accordingly, the policy func-
tions denoted by hats are the policy functions that the naive household perceives that all

future selves will adopt.

16 A5 we show in Proposition 2 below, if the effort cost remained strictly positive at e, = ¢ > 0 and never
flicked to zero (¢ = 0), households would always procrastinate and never refinance. This is true even though
we assume the positive effort cost to be vanishingly small ¢ — 0. This somewhat extreme feature of our
model is an implication of fully naive IG preferences. With partial sophistication rather than full naiveté,
households would refinance eventually even with ¢ = 0.
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Consumption. Households earn utility from consumption, and present-biased households
want to bring utility forward in time. This means that present bias has a direct effect on
households’ consumption-saving decisions. Specifically, present-biased households overcon-

sume by factor ﬂf%:
Proposition 1 (Continuous Control)

1. For all b > b, the household sets c(z) = 5_%5(35).
2. For b =10, the household sets ¢(x) = min {ﬁ_i/c\(x), y+ (r+we)b— (r+ §)m}

The proof of Proposition 1 makes use of an important intermediate step which we state first
and which is proved in Appendix B.2:

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

(10)

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

Equation (10) is a first-order condition: consume until the marginal utility of consumption

equals the marginal value of liquid wealth. For g = 1, the standard continuous-time first-
ov(z)

order condition of u'(c(z)) = %5~ is recovered. Generically, the additional discount factor

[ arises in equation (10) because the present-biased household discounts the value of future

consumption (and hence current wealth) by 3.17 It is worth emphasizing again that naiveté
implies that the continuation-value function v in (10) is the value function of an exponential
£ = 1 household. This means that, similarly to the value function, one can recover the
consumption policy function with a two-step procedure: first, solve the value function v of
an exponential 5 = 1 household from (8); second, find the consumption policy function of a
present-biased § < 1 household from (10) (with an additional condition when b = b).

Proof of Proposition 1. Let ¢(x) denote the consumption function that the naive IG
household expects all future selves to adopt (f = 1). Expanding equation (10) under CRRA

1"While (10) looks like a standard discrete-time first-order condition, it is important to note that the
interpretation is different. In particular, 8 is not the standard exponential discrete-time discount factor;
instead, (3 is the discount factor between now and one instant from now, see (6), with 8 = 1 corresponding
to exponential discounting, i.e. no present bias. Another way of putting this is: in discrete time the quasi-
hyperbolic discount function is 1, 36, 882, 363, ... so that & is the standard exponential discount factor, but
(10) features § and not 6.
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utility, we have:

ov(x)

ov(z)
b’ '

cla) " = 5 =

and c(x) 7 =

Rearranging gives c(z) = B_%/c\(x) This holds as long as b > b. For b = b, overconsumption

will be restricted if the borrowing constraint binds (see equation (3)). W

Proposition 1 provides a tractable formula that relates the IG household’s consumption
to that of a standard exponential household. This can be used to construct an Euler equation
for the IG household.

Corollary 1 (Maxted (2020)) Let r4(b;) denote the household’s effective borrowing cost:
ri(by) =1y if by >0, and ry(b) = ry + w0 if by < 0. Whenever ¢(x;) is locally differentiable
in b, consumption obeys the following Euler equation:

Et% = {PﬂL 8 (1 - ﬁ%> 80(52&)] —re(br). (11)

Proof. Appendix B.3 extends the proof of Maxted (2020) to our environment. B

The growth rate of marginal utility is given by Et%, and the term in brackets in
equation (11) can be interpreted as the household’s effective discount rate at time t. When
du/ (c(z¢))/dt
u/(c(w1))
£ < 1, the household’s effective discount rate is increasing in the household’s instantaneous

B =1, equation (11) reduces to a standard Euler equation: E, = p —ry(b;). For

MPC (%). Intuitively, overconsumption will have a larger effect on the growth rate of

marginal utility when consumption itself is sensitive to b;.

For f < 1, an important consequence of equation (11) is that the household’s effective
discount rate varies over the state space. Households with a higher instantaneous MPC
will consume more impatiently. Since the consumption function is concave in liquid wealth,
households near b will act more impatiently, while households with plentiful liquidity will

act more patiently.

Mortgage Adjustment. Next we characterize the effect of present bias on the house-
hold’s mortgage-adjustment decision. Unlike the consumption decision, present bias has a
muted impact on the adjustment decision. In particular, the only way that § < 1 affects
the refinancing decision is through procrastination.'® This is formalized in the following

proposition:

Proposition 2 (Optimal Stopping)

I3Tf we were to set effort cost e; = 0 then present bias would have no effect on the household’s mortgage-
adjustment decision.
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1. Adjustment policy functions m/(x) and b'(z) are independent of B. Thus, m/(x) =
' (z) and V' (z) = ().

2. (a) For =1, the effort cost e; € {0,e} has no measurable effect on R(z).
(b) For 8 < 1 and e, = 0, R(x) is independent of B. Thus, R(b,m,y,r™, r,0) =

A~

R(b, m,y,r™,r,0).

(¢) For B < 1 and e, = ¢, the household never adjusts their mortgage. Thus,
R, m,y,r", re) =0.

Proof. Clause 1 follows from equation (9). The household makes its refinancing decisions
to maximize w*(r). Since wPP¥(z) = BuPrP¥(z) and wi(r) = Lo i(x), the same
adjustment policy functions maximize w*(x) and v*(x). This implies that m/(x) and ¥/ (x)
are independent of f3.

For clause 2a, when § = 1 the assumption that ¢ is vanishingly small implies that
v*(b,m,y,r™, r e) is arbitrarily close to v*(b,m,y,r™,r,0). Effort cost e, therefore has no
measurable effect on all policy functions.

Clause 2b follows from equation (9). If e, = 0 then w(b, m,y,r™,r,0) = pv(b,m,y,r™, r,0).
Thus, maximizing w is equivalent to maximizing v for e; = 0. This implies that the decision

of whether or not to adjust is independent of 5.

To prove clause 2¢ (procrastination), consider the self in period ¢. If self ¢ does not adjust
then the current-value function is given by w(x;) = Bv(z;) > B(v*(x;) —e;).r? Alternatively,
if the current self adjusts their mortgage then she must incur the effort cost in period ¢. This
yields a current-value function of w(x;) = fv*(x;) — e;. For any e, > 0 the § < 1 household
will prefer to procrastinate since 5(v*(z:) — e;) > pv*(x;) — ;. Procrastination enables the
effort cost e; to be discounted by [, while there is no measurable cost to delaying refinancing

for an instant. W

A Comparison: Consumption versus Mortgage Adjustment. The juxtaposition of
Propositions 1 and 2 highlights the subtleties of present bias” impact on household balance-
sheet decisions. Present bias directly affects the consumption decision, whereas present bias

only affects the mortgage adjustment decision through procrastination.

Present bias has a differential impact on these decisions because consumption and pro-
crastination are “small” decisions (flow decisions) while discrete adjustment is a “large”
decision (a stock decision). The current self is willing to overconsume in the moment, but
only because the current self’s overconsumption does not have a measurable effect on the
household’s balance sheet. Similarly, procrastination is expected to last only for an instant.

19The inequality captures that future selves may not necessarily find it optimal to adjust their mortgage.
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The same is not true of the mortgage adjustment decision. This decision discretely ad-
justs the household’s asset allocation between liquid wealth and illiquid home equity. Since
each self only lasts for an instant, 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 accumulation of small mistakes, not the intermittent occurrence of

large mistakes.

The proofs of Propositions 1 and 2 rely on two assumptions: naiveté and continuous
time. The assumption of naiveté is critical. Naiveté implies that the current-value function
w is related to the value function v of an exponential household (see equation (9)).2° The
assumption of continuous time — where each self lasts for a single instant — is mathematically
convenient but not quantitatively necessary. Propositions 1 and 2 will be robust so long as
the temporal division between the present and the future is relatively short (e.g., one week),

meaning that each self composes a negligible part of the overall value function.?!

The Effect of Present Bias on Refinancing. There is an informal intuition in the
literature that present bias increases the propensity for households to extract home equity
in order to finance near-term consumption (see e.g. Mian and Sufi, 2011; Campbell, 2013).
Our model illustrates that the effect of present bias on refinancing is more complex. When
effort cost e, = 0, Proposition 2 says that present bias has no effect on the household
refinancing decision at a given point in the state space. Procrastination slows down the rate
at which present-biased households refinance. Both of these effects counter the intuition
that present bias increases cash-out refinancing. However, present bias causes a build-up
of credit card debt due to overconsumption. This incentivizes home-equity extractions as a
means of converting costly credit card debt to cheaper mortgage debt. In summary, present
bias inhibits refinancing at any given point in the state space. But, present bias changes the
distribution of households over the state space in a way that encourages cash-out refinancing.

20Sophistication introduces a range of conflicting effects on both consumption and household refinancing.
See Maxted (2020) for a discussion of sophistication versus naiveté under IG preferences.

2lFor intuition, consider a discrete-time model where each self lives for one week. Let § = exp (g—;)
Assume that each self consumes a constant amount, ¢, in each period. Each self has a current value of

u(6)+1ﬁ—_{;u(é), meaning that the utility of each self composes a share 1/ (1 + 1’8—_{;) of the total value function.

Under our benchmark calibration with 8 = 0.83 and p = 0.97% (Section 5.2) so that § = exp (5£) = 0.9998,
this share equals 0.02% of the total value function.
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4 MPCs and MPXs: A Theoretical Mapping

The marginal propensity to consume (MPC) over 7 years is defined as follows (Achdou et
al., 2017):

8 T

MPC,(z) = =E [/ c(zy)dt | zg = x| . (12)
0b 0

As reviewed by Kaplan et al. (2018) and Kaplan and Violante (2014), empirical estimates

of quarterly non-durable MPCs range from 15-25% for fiscal transfers of $500 — $1000.22

Because the model only features flow consumption, the model-implied MPC should be com-

pared to empirical estimates of the non-durable MPC.

Though many empirical papers have documented larger “MPCs,” oftentimes these papers
are actually calculating a marginal propensity for ezpenditure (MPX) (e.g., Fagereng et al.
(2019) and Crawley and Kuchler (2020) discuss this point). Durables drive a wedge between
consumption and expenditures since spending on durables does not immediately translate
into flow consumption. The difference between the MPC and the MPX is substantial empir-
ically, so it is important to delineate these two concepts when comparing the model to the
data. For example, Parker et al. (2013) document that over 75% of spending from the 2008
fiscal stimulus was on durable goods.

To bridge the gap between consumption and expenditure, we propose an extension with
durables that is isomorphic to the baseline model of Section 2. The goal of this extension is
not to rigorously model households” durable expenditure. Instead, it provides a simple and
highly tractable method for connecting MPCs to MPXs.?* Our methodology is quite general
which makes it a useful tool to quickly convert MPCs into MPXs.

Full details on the extended model with durables are included in Appendix C. Outlining
the extension here, we assume that each household’s total consumption consists of a fixed
share s of durable consumption and a share 1 — s of non-durable consumption. Households
purchase non-durable consumption directly as a flow. In order to consume durables, house-
holds purchase a durable stock that gives off low consumption over time. The durable stock
is completely liquid, and depreciates at rate v. This extension provides a simple formula for
converting MPCs into MPXs:

Proposition 3 (The Marginal Propensity for Expenditure) The Marginal Propensity

22Some examples of empirical MPC estimates include: Johnson et al. (2006), Parker et al. (2013), Agarwal
and Qian (2014), Broda and Parker (2014), Misra and Surico (2014), and Kueng (2018).

23For a rigorous evaluation of the impact of durables on macroeconomic stabilization policy, see for example
Berger and Vavra (2015) and McKay and Wieland (2019).
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for Ezpenditure (MPX) over T years is given by:

s 0
—E
v+ % ob

MPX,(z) = MPC;(x) + [c(xr) | mp = 2], (13)
that is, the M PX is equal to the M PC' plus a term that captures the additional durable stock

the household has accumulated at time T needed to increase the consumption flow.

Proof. See Appendix C. &

Proposition 3 provides a simple and tractable formula for converting MPCs into MPXs.
Only two additional ingredients are needed: the change in expected consumption at time

S
v+ro”

latter can be calibrated from BEA consumption data (see Appendix C). We estimate durable

7, and the multiplicative constant The former can be calculated numerically, and the

share s = 0.13 and depreciation rate v = 0.22.

This section defines the MPC and the MPX out of an infinitesimal increase in liquid
wealth. However, tax rebates and fiscal stimulus payments increase liquid wealth discretely.
The definition of the MPC and the MPX are easily extended to discrete liquidity shocks (see
Appendix B.1 for details). For consistency with fiscal policy, this paper will study MPCs
and MPXs out of discrete wealth shocks.

5 Calibration and Steady State Household Behavior

5.1 Externally Calibrated Parameters

We begin by describing the model’s externally calibrated parameters. These parameter
choices are summarized in Appendix Table 5.

Home Owners in the 2016 SCF. For many of our calibration targets we use the 2016
Survey of Consumer Finances (SCF) wave. Below, 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 sample with the households in our model, we impose the following sample
restrictions: households must have a head who is in the labor force, aged 25-66, owns a
home, and possesses a credit card. We further condition on households with a home value
to permanent income ratio between the 25th and 75th percentile. The average after-tax
permanent income for households in our SCF sample is roughly $100,000. Appendix A.2

contains additional details.
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Income. Our calibration of the income process follows Guerrieri and Lorenzoni (2017) who
assume that log-income is an AR(1) process at a quarterly frequency.?* We first convert this
quarterly AR(1) process to a continuous-time Ornstein-Uhlenbeck (OU) process using the
method described in Appendix A.3, and then discretize the OU process with a three-state
Poisson process using a finite difference method. We normalize mean income to 1 and set
the three income states equal to y, € {0.75,0.98,1.28}, corresponding to —1,0, +1 standard

deviations of the estimated log-income process.?’

Interest Rates. We view r; 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 economically significant effects on long rates and hence
on mortgage refinancing. The focus of our paper is not on smaller, fine-tuning, movements in
the federal funds rate that do not significantly affect mortgage rates. Rather than treating all
shocks to r; as unexpected “MIT shocks,” households in our model have rational expectations
about the data-generating process for r;.

In order to calibrate household interest rate expectations we estimate an AR(1) process
via maximum likelihood estimation using weekly data on the yield of 10 Year TIPS from
2003 — 2019. We first convert this weekly AR(1) process to a continuous-time OU process
(with rate of mean reversion 0.29 and volatility 0.63%) and then discretize it into a four-state
Poisson process with states r; € {—1%, 0%, 1%, 2%} using a finite difference method. We

view this calibration as consistent with the current low-interest, low-inflation, environment.

We set the credit card wedge w to 10.3% to capture the difference between the com-
mercial bank interest rate charged on credit cards and the 10-year treasury yield from 2015
~2017.25 We set w™ = 1.7% to capture the difference between the average 30-year fixed rate
mortgage and the 10-year treasury yield from 2015 — 2017.

Assets and Liabilities. Using the sample of home owners in the 2016 SCF, we estimate
an average home value to permanent income ratio of 3.1 (roughly $310,000) and therefore set
h = 3.1. We set 6, the maximum LTV ratio, equal to 0.8. Although this is a tight restriction
on the maximum LTV allowed for first-time homebuyers, it is consistent with the maximum

LTV available to households conducting a cash-out refinance.?”

2Using data from Floden and Lindé (2001), Guerrieri and Lorenzoni (2017) calibrate this process with
persistence p = 0.967 and variance o2 = 0.017.

25Under this calibration, 31% of households are low income, 39% are middle income, and 31% are high
income. The expected persistence of the low, middle, and high income states are 1.6 years, 1 year, and 1.6
years, respectively.

26Credit card interest rates are collected from the Federal Reserve’s G.19 release.

27See Greenwald (2018) for data on realized LTVs for first-time homebuyers and for cash-out refinances.
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Mortgages are paid down at rate £ = 3.5%, which generates a 20-year half-life for mort-
gages. As was discussed above, our model of mortgage repayment is non-standard because
mortgage payments are not constant. We choose a 20-year half-life for mortgage paydowns
so that the mortgage payment required by large mortgages is not exceedingly onerous. We
set the fixed cost of refinancing to 3% of the average outstanding mortgage principal, re-
sulting in ™" = 0.05 (approximately $5,000).2® For numerical tractability, we also impose
a small cost to prepaying mortgages of 0.1% of the average outstanding mortgage principal
(kPrePey = ().002, or approximately $200).

We set the credit card borrowing limit b to one third of permanent income. This is
consistent with reported credit card borrowing limits in the SCF, and in line with typical

choices in the literature.?

Preferences. We set the coefficient of relative risk aversion v equal to 2, which is a stan-
dard calibration in the consumption-saving literature. Discount function parameters p and
[ are calibrated internally to match the home equity and credit card debt accumulation
observed in the 2016 SCF — see Section 5.2 below.

We choose a Poisson rate governing procrastination of ¢ = —1In(0.5). This implies 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. (2019).%

Other Structural Parameters. We set the rate of forced refinancing to A" = 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 \? = % so that

households exist in our model for 30 years on average.

5.2 Internally Calibrated Parameters and Steady State

“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 state will have a mortgage interest rate of " = r*+w™ = 2.7%. The assumption that
the interest rate has been fixed at 1% is formally just one possible sample path of the interest
rate process. This assumption is helpful for pedagogy because it reduces the dimensionality

28The Federal Reserve’s website on refinancing suggests that refinancing costs roughly 3% of outstanding
principle. The average LTV in our model is 0.54, suggesting x"*/* = 0.03 x (0.54h). This yields roughly
k" = 0.05. For details, see https://www.federalreserve.gov/pubs/refinancings,/

29For example, Kaplan et al. (2018) calibrate a borrowing limit of one times quarterly labor income.

30 Andersen et al. (2019) estimate that 84% of households are “asleep” each quarter, and 0.84* ~ 0.5.
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of our steady state by eliminating heterogeneity in r{™.5!

Calibration Cases. We present two benchmark calibration cases: an Fxponential Bench-
mark with 8 = 1 and a Present-Bias Benchmark with § < 1. In equilibrium, the Exponential
Benchmark features no procrastination while the Present-Bias Benchmark features procras-
tination (see Proposition 2). For conceptual clarity, we also present the Intermediate Case

32 The Intermediate Case, with present bias

of f < 1 with no refinancing procrastination.
but no procrastination, should be viewed as a transitional step between the Exponential

Benchmark and the Present-Bias Benchmark.

We recalibrate the discount function for each of the three cases in order to reproduce the
home equity and credit card debt accumulation observed in our 2016 SCF sample. In the
SCF, we estimate an average LTV ratio of 0.54 and an average credit card debt to permanent
income ratio of 0.09. Note that credit card debt appears to be underreported in the SCF
(Zinman, 2009). We therefore adjust reported credit card borrowing upward by a factor of
1.5, following the methodology of Beshears et al. (2018, Appendix C).

Table 1 presents the discount function calibration. In all three cases, p is calibrated to
match the average LTV of 0.54. For the 8 < 1 cases, we calibrate 5 to match the average
credit card debt to income ratio of 0.09.33 For readers who are uncomfortable with our 1.5-
times adjustment to SCF credit card borrowing, we also estimate that 60% of households in
our SCF sample report carrying a credit card balance from one month to the next and Table
1 shows that this feature is qualitatively matched by our 5 < 1 calibrations, but not by our
Exponential Benchmark. Indeed, we would calibrate an even lower 3 value if we were to set

[ to reproduce the share of households with revolving credit card debt.

In the Exponential Benchmark, p = 1.47% matches the average LTV moment of 0.54.
However, the Exponential Benchmark fails to generate the level of credit card borrowing
observed in the data.** In the two 8 < 1 cases there are two parameters (p and ) to match
the two empirical moments. In the Intermediate Case, we calibrate 8 = 0.70 and p = 0.64%.
In the Present-Bias Benchmark, we calibrate 8 = 0.83 and p = 0.97%.

In all cases the long-run discount rate p is relatively low. This is largely driven by the
steady state interest rate of r* = 1%. Additionally, the two 5 < 1 cases feature a lower
p than the § = 1 case. The lower p calibration offsets § < 1 to ensure that households

31We choose r; = 1% as the steady state interest rate to ensure that we have ample policy space for
studying interest rate cuts. We will study rate cuts from 1% to 0%, meaning that interest rates can still fall
further (in particular, to -1%). Without room to fall further, there would be no option value to delaying
refinancing. Households would rush to refinance in order to lock in the lowest possible interest rate.

32This intermediate calibration corresponds to the rate at which the effort cost e, flicks to zero becoming
unboundedly large, ¢ — oco.

33Meier and Sprenger (2010) combine surveyed time preferences with administrative credit card data to
provide direct evidence of the relationship between present bias and credit card debt.

34This conclusion echoes the results of Laibson et al. (2020).
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Exponential Intermediate Present-Bias

Data Benchmark Case Benchmark

Discount Function

I6] - 1 0.70 0.83

p - 1.47% 0.64% 0.97%
Calibration Targets

LTV 0.54 0.54 0.54 0.54

Avg. C.C. Debt 0.09 0.03 0.09 0.09

Share C.C. Debt > 0 60% 26% 52% 47%

Table 1: Internally Calibrated Parameters.
Notes: This table summarizes the calibration of the discount function for the three cases we study.

still accumulate enough home equity to match the LTV moment. The reason that the
Present-Bias Benchmark features a higher level of # than the Intermediate Case is that
procrastination generates additional credit card borrowing: households are slow to use cash-
out refinances to pay off accumulated credit card debt. A higher 3 is required to offset this

effect and to match the credit card borrowing moment.

Compared to the heterogeneous-agent macro literature with exponential time preferences,
our calibration features a relatively large credit card wedge of w® = 10.7%. Despite this
large and empirically realistic credit card wedge, our model with present bias nevertheless
generates sizable borrowing at such high interest rates. Related, our calibration features
a relatively low mortgage interest wedge of w™ = 1.7% and hence a relatively low wedge
between this effective illiquid return (r{*) and the return on liquid saving (r;). That is,
our model with present bias does not require a large illiquid return to help generate sizable
credit card borrowing. Put differently, rather than calibrating a relatively low credit card
wedge or a relatively high illiquid return to deliver a given observed amount of credit card
borrowing, we instead take the credit card wedge and illiquid return spread “from the data”
and internally calibrate the additional discount function parameter § to match the credit

card debt levels observed empirically.

5.3 Steady State Household Behavior

Households solve an optimal control problem augmented with an optimal stopping problem.
Even in the constant interest rate steady state, this model features heterogeneity in four

variables: by, my, y;, and e;. This leads to rich, but also complex, equilibrium dynamics.

When characterizing the model’s steady state we focus on the features that will be im-
portant for the macroeconomic policy results to follow. Many of the equilibrium behaviors
that differentiate the Present-Bias Benchmark from the Exponential Benchmark are consis-

tent with an emerging set of empirical findings in the household finance literature that have,
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collectively, proven difficult for models with exponential discounting to replicate.

Phase Diagrams of the Household Balance Sheet. Figure 1 uses phase diagrams to
describe the evolution of households over the state space. From left to right, each panel rep-
resents a different income state. From top to bottom, we show the Exponential Benchmark,
the Intermediate Case, and the Present-Bias Benchmark. The horizontal axis of each panel
is liquid wealth b and the vertical axis is the household’s mortgage balance, expressed as the
LTV ratio m/h. The red and blue shaded areas indicate discrete adjustment regions: red

t.35

indicates cash-out refinancing, and blue indicates discrete mortgage prepaymen In areas

of non-adjustment, the arrows indicate how the household balance sheet evolves over time.

Looking first at the red regions, households choose to take a cash-out refinance when they
have relatively low income (either y; or yjs) and they are near the credit card borrowing
limit of b. During periods of lower income, the first margin on which households adjust
is to decumulate liquid wealth. The second margin is credit card debt. Even with wedge
w, the fixed cost of refinancing implies that taking on credit card debt can be optimal in
the short-run if households perceive that there is a high probability of quickly repaying this
debt. Cash-out refinances are the final margin that households draw upon, but only after

accumulating sizable credit card debt.

Households with an LTV above approximately 0.7 do not conduct cash-out refinances.
These households have too little home equity to justify the fixed cost of refinancing. They
prefer to wait and build up additional equity before refinancing.

Looking next at the blue regions, households choose to prepay their mortgage once they
have built up a buffer stock of liquid wealth. Having some liquid wealth is useful because
it allows households to avoid taking on costly credit card debt during low-income spells.
However, it is suboptimal to hold too much liquidity because the mortgage wedge w™ implies
that mortgage debt is more costly than the household’s return on liquid wealth. Thus, high-
liquidity households will use some of their accumulated liquidity to pay down their mortgage.

As shown in Proposition 2, all differences in the adjustment regions across the three
calibrations are driven by variation in p. The top row (Exponential Benchmark) features
the highest calibration of p = 1.47%, the bottom row (Present-Bias Benchmark) calibrates
p = 0.97%, and the middle row (Intermediate Case) calibrates p = 0.64%. Households who
perceive themselves to be less patient (higher p) will be more willing to take a cash-out
refinance and less willing to prepay their mortgage. The variation in the red cash-out region

and blue prepayment region across the three calibrations follows accordingly.

The arrows in the phase diagrams indicate how household balance sheets evolve over

the non-adjustment regions. The arrows always point downward due to mortgage principal

35In the steady state with constant interest rates, the only reason to refinance is to withdraw home equity.
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Figure 1: Steady State Phase Diagrams.

Notes: Arrows display the evolution of household balance sheets in non-adjustment regions. Red regions mark
where the household chooses to conduct a cash-out refinance, and blue regions mark mortgage prepayment.
See text for details.
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repayment, as specified by equation (2). The arrows point either right or left to indicate
liquid saving or dissaving, and the length of the arrow corresponds to the speed of evolution.
Arrows point strongly leftward when 3, = yr, indicating liquid dissaving. Arrows point
strongly rightward when y; = yp, indicating liquid saving. When y; = yj; the arrows

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

The bottom row features arrows in the adjustment regions, while the top two rows do
not. In the top two rows there is no procrastination. 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 procrastination. This means that households do
find themselves in the adjustment regions. The gray arrows indicate how household balance
sheets evolve when households procrastinate.

Steady State Consumption Dynamics. Figure 2 plots the steady state consumption
function. Liquid wealth is on the horizontal axis. Each panel plots the consumption function
for an LTV € {0,0.4,0.8}.

We begin by explaining the Exponential Benchmark. Note that the curves do not always
span the entire liquid-wealth axis. For example, the blue and orange curves do extend to b
in the Low Income panel, while the orange and green curves only extend to approximately
b = 0.5 in the High Income panel. These missing areas reflect the adjustment regions.

Households will never reach these parts of the state space.

The second row plots the consumption function for the Intermediate Case. The key effect
of B < 1 is that the consumption function occasionally features a discontinuity at b (e.g.,
Low Income and LTV = 0.8). 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 (2017), who use high-frequency data to
document that consumption drops sharply at the expiration of unemployment insurance.

The bottom row shows consumption in the Present-Bias Benchmark. Unlike the above
two cases, dashed lines and open circles are used to mark the adjustment regions. Ad-
justment regions are now shown because procrastination implies that households can enter
these regions. Procrastination strengthens the consumption discontinuity at b. For example,
households with y; = y;, and LTV = 0.4 experience a drop in consumption of approximately
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 adjustment
region they expect their next self to refinance. As a result, households choose consumption
today in order to smooth consumption relative to where they expect to be following a cash-
out refinance. Households do not anticipate hitting the borrowing constraint b, creating a
large downward discontinuity if the constraint does eventually bind.
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MPCs and MPXs. Consumption behavior can also be investigated through MPCs and
MPXs. The top panel of Figure 3 plots the quarterly MPC out of $1,000 as a function of
liquid wealth b, averaging over the income and mortgage dimensions. The middle panel plots
the corresponding MPX.?% All three calibrations are shown, but the Intermediate Case is

presented with a dashed line since it is a transitional step between our two benchmarks.

Consistent with the typical behavior in these sorts of models, the Exponential Benchmark
features elevated MPCs and MPXs at b = 0 where the interest rate jumps and at the
borrowing constraint b (e.g., Kaplan and Violante, 2014; Kaplan et al., 2018). Consumption-
smoothing motives imply that MPCs and MPXs are low away from these constraints.

Present bias drastically increases MPCs and MPXs near the borrowing constraint.’”
This follows directly from the consumption function discontinuities at b detailed above.
Present-biased households do not smooth consumption into the borrowing constraint, instead
choosing a high rate of consumption all the way into b.%®

Steady State Wealth Distribution. The bottom panel of Figure 3 presents the steady
state distribution of liquid wealth for the three calibrations. There are two key differences
between the Exponential Benchmark and the two 8 < 1 cases. First, present bias generates
a leftward shift in the liquid wealth distribution because present-biased households overcon-
sume out of liquidity. Second, present bias produces a larger share of households at the
borrowing constraint. 13.1% of households are constrained in the Present-Bias Benchmark,
while only 0.2% of households are constrained in the Exponential Benchmark.

There are three factors that contribute to this large mass of constrained households when
B < 1. First, households fail to maintain liquidity buffers. Second, the two 8 < 1 calibrations
feature a lower value of p. This reduces households’ willingness to refinance at b (see the
Middle Income panels in Figure 1). Third, in the case of procrastination, households can be
slow to refinance when they hit the constraint.

The buildup of households at the borrowing constraint is consistent with the large elas-
ticity of debt accumulation to borrowing limits that has been documented empirically. Gross
and Souleles (2002) study credit limit increases and estimate that credit card debt increases
by 10-14% of the limit increase after one year. In our model, the first-order effect of a small
increase in the borrowing limit b is that constrained households accumulate additional debt

36Because we are studying the steady state we calculate MPCs and MPXs under the sample path r; = 1%
for all ¢ (i.e., no aggregate interest rate shocks). MPCs and MPXs are calculated using a Feynman-Kac
formula. See Appendix B.1 for details.

37Some households even have an MPX greater than one. This is possible in our stylized extension with
durables because households can borrow against their durables (e.g., using the $1,000 as a down payment
on a used car).

38 Another effect of 3 < 1 is that there is no longer a peak in the MPC at b = 0. The reason is that the
B < 1 household typically does not expect the soft constraint to bind in equilibrium. Hence, there is no
reason for there to exist an elevated MPC at b = 0.
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Exponential Intermediate Present Bias
Avg. C 0.93 0.92 0.93

(yz, yar, yir) (0.84, 0.93, 1.02) | (0.83, 0.93, 1.01) | (0.81, 0.94, 1.03)
Avg. Quarterly MPC ($1,000) 4.3% 8.5% 12.5%

(L., yar yir) (5.2,5.3,2.3) | (14.8,85,2.1) | (258, 9.8, 2.5)
Avg. Quarterly MPC ($10,000) 4.2% 6.2% 8.7%

(Yr, Yors Y1) (5.2,5.0,2.1) | (10.6,6.2,1.8) | (175, 6.7, 2.2)
Avg. Quarterly MPX ($1,000) 13.7% 23.9% 31.7%
Avg. Quarterly MPX ($10,000) 13.2% 19.3% 26.2%
Share b = 0 5.9% 6.3% 4.7%
Share b < 0 25.8% 52.2% 46.9%
Share b = b 0.2% 9.3% 13.1%

Table 2: Steady State Summary Statistics.

Notes: This table summarizes household consumption, expenditure, and saving behavior in the steady state.

by exactly the same amount, so that the overall elasticity simply equals the share of con-
strained households. Consistent with Gross and Souleles (2002), this share is 13.1% in the
Present-Bias Benchmark. In the Exponential Benchmark, this share is only 0.2%. Among
new credit card applicants Agarwal et al. (2018) find similarly that an increase in credit
limits generates additional credit card borrowing for the majority of households.

In Figure 3 we presented the liquid wealth distribution because it is key for many of our
model’s dynamics. Appendix Figures 11 and 12 plot the distribution of mortgage debt and
the joint distribution of income, liquid wealth, and mortgage debt for all three cases.

Summary Statistics. Table 2 summarizes the model’s steady state, with all variables
reported relative to permanent income. The first row lists average consumption. Average
consumption is comparable in all three cases, and is less than average income (normalized
to 1) due to debt repayment. The second row lists average consumption conditional on
each income state. The two # < 1 calibrations feature lower levels of consumption by low-
income households. Present bias inhibits households’ ability to self-insure against income
fluctuations by accumulating liquid buffer stocks. This is particularly true for the Present-

Bias Benchmark because liquidity-constrained households are slow to refinance.

The Present-Bias Benchmark features an average quarterly MPC of 12.5% out of a $1,000
transfer. For the Exponential Benchmark, this MPC is 4.3%. Only the Present-Bias Bench-
mark comes close to empirical MPC estimates, which range from 15-25% for fiscal transfers
of $500 — $1,000. The two 8 < 1 calibrations also feature much larger variation in MPCs
based on transitory income. 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-
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consistent households maintain liquidity buffers optimally, so the Exponential Benchmark
features far fewer constrained households.

The elevated MPC exhibited in the Present-Bias Benchmark is robust to the size of the
wealth shock. The average quarterly MPC remains at 9% for a transfer of $10,000 (for
more, Appendix Figure 10 reports quarterly MPCs out of transfers ranging from $1,000 to
$50,000). Elevated MPCs out of large transfers is consistent with Fagereng et al. (2019),
who use Norwegian administrative data to document that MPCs remain well above those of
standard representative-agent models for lottery winnings ranging from $1,000 — $150,000.
Alternatively, to the extent that models with exponential discounting can generate large
MPCs, these MPCs decline rapidly in the size of the transfer. For example, the model of
Kaplan and Violante (2014) predicts that quarterly MPCs drop from 15% to 3% as the size
of the transfer increases from $500 to $5,000.

Results are similar for the MPX. The two 5 < 1 calibrations feature elevated quarterly
MPXs. These MPXs remain large even for large wealth transfers.

The final three rows of Table 2 summarize the accumulation of liquid wealth. In the
Exponential Benchmark, only 0.2% of households are constrained, and only 26% of house-
holds hold credit card debt (compared to 60% in the SCF). The two 5 < 1 cases feature
far less liquid wealth holding, in line with the data. In the Present-Bias Benchmark, 13% of
households are constrained and 47% hold credit card debt.

6 Results: Macro Stabilization Policy with Present Bias

We now present our results for fiscal and monetary policy under present-biased time prefer-
ences. We start all policy counterfactuals from the pre-shock steady state with r* = 1%.

6.1 Fiscal Policy

We first study how present bias affects the efficacy of fiscal policy. The policy experiment is
as follows. Starting from the steady state, we (unexpectedly) conduct a helicopter drop of

$1,000. To avoid unnecessarily complicating the partial equilibrium analysis, we ignore the

39Kueng (2018) finds similarly that while MPCs decline monotonically in the ratio of payout to permanent
income, the MPC remains elevated (15%) even for large transfers. Bunn et al. (2018) and Fuster et al. (2018)
provide further evidence using survey data. Bunn et al. (2018) find that households who experience larger
positive income shocks report having larger MPCs out of the shock. Fuster et al. (2018) ask households
about their expected spending behavior in response to a one-time windfall, and document that expected
quarterly MPCs actually increase from 7% to 12% as the payment increases from $500 to $5,000. There is
a caveat in applying this result to our model however; our model assumes naiveté, meaning that households
will have biased MPC expectations.

33



effect of this small fiscal transfer on the government budget constraint and future taxes.*’

Figure 4 plots the impulse response function (IRF) of aggregate consumption C; =
[ ci(z)gi(x)dz to a fiscal transfer of $1,000 to every household in the economy. To make
this IRF easier to connect to MPC numbers, we scale the consumption response at time ¢
by the size of the initial fiscal transfer. Table 3 gives the corresponding MPCs and MPXs
for the three calibrations over different time horizons. The connection between the scaled
IRF in Figure 4 and the MPC in Table 3 is simple: the MPC over a time horizon 7 is the
cumulative IRF between times t = 0 and ¢ = 7.%' The results in the figure and table show
clearly that the short-run potency of fiscal policy is heightened for § < 1, particularly when
households procrastinate on refinancing.

= Exponential
0.9 — =Intermediate
0.8 === Present Bias

Consumption IRF

0 05 1 15 2 25 3
Years

Figure 4: Consumption Response to Fiscal Policy.
Notes: This figure presents the IRF of aggregate consumption to a fiscal stimulus of $1,000 for the three
calibration cases.

The intuition for this fiscal policy result is provided by Figure 3. The two g < 1 calibra-
tions feature larger MPCs at the borrowing constraint as well as a larger mass of constrained

households. This dual result of large MPCs for constrained households combined with a large

40Balancing the government budget constraint is unlikely to significantly affect our results. For example, if
the $1,000 transfer were repaid by levying a constant lump-sum tax in perpetuity, this tax would be roughly
$10 per year (1% of $1,000). Also note that Ricardian equivalence does not hold in our model due to binding
liquidity constraints and probabilistic death.

41To see this, consider a small fiscal stimulus of size db. The MPC in (12) records cumulative consumption
over a time period of length 7. In contrast, the scaled IRF records the consumption response to the small
initial fiscal transfer db at a particular point in time t. Thus, denoting the scaled IRF of a household with
initial state = by IRF,(z) = ZE[c(2:) | o = 2], we have M PC,(z) = Jo IRFy(z)dt.
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Exponential | Intermediate | Present Bias
1 Year MPC 15% 22% 28%
2 Year MPC 26% 34% 41%
3 Year MPC 35% 42% 49%
1 Year MPX 22% 30% 37%
2 Year MPX 31% 39% 46%
3 Year MPX 39% 46% 53%

Table 3: Aggregate Fiscal Policy MPCs and MPXs
Notes: This table presents the aggregate MPC and MPX out of a $1,000 fiscal transfer.

share of constrained households makes fiscal policy very powerful for § < 1. This finding is
also robust to the size of the fiscal transfer. As shown in Table 2 and Appendix Figure 10,

the g < 1 calibrations feature large MPCs even for large fiscal transfers.

Because we scale our consumption IRF by the size of the initial fiscal impulse, it can be
thought of as a continuous-time analogue to the “intertemporal MPCs” studied in Auclert et
al. (2018). Auclert et al. (2018) argue that intertemporal MPCs are an important moment
for characterizing the general equilibrium propagation of fiscal policy shocks. Using empirical
evidence from Fagereng et al. (2019), Auclert et al. (2018) show that MPCs remain elevated
in the years following an initial shock. The consumption response in our model is consistent
with this finding. In our Present-Bias Benchmark, the MPC in year 1 is 28%, the MPC from
year 1 to year 2 is 13%, and the MPC from year 2 to year 3 is 8%. These MPCs should
be compared to a stripped-down version of our Present-Bias Benchmark without borrowing
constraints, which yields a linear policy function and an annual MPC of approximately 1%.42

Fiscal Policy Implementation: Liquidity. In response to the 2007-08 Financial Crisis,
policymakers utilized a mixture of liquid and illiquid fiscal transfers (e.g., checks in the
mail versus mortgage principal reductions). Because the elevated MPCs in the § < 1 cases
are driven by liquidity-constrained households, our model implies that the liquidity of fiscal

transfers is critical for generating a large consumption response.

To illustrate this result, Figure 5 compares the consumption response following a liquid
fiscal transfer to a mortgage reduction of the same magnitude. The mortgage reduction has
much less short-run potency for the § < 1 cases. This is because the liquidity-constrained
households who drive the consumption response are unable to immediately consume out of
illiquid home equity. The extreme sensitivity of the consumption response to the liquidity

42Tn a stripped-down continuous-time “Eat-the-Pie” model, households consume out of wealth at a rate

of B_% (r — %) The term in parentheses is the consumption function for an exponential household, and

multiplicative factor ﬁ_% adjusts for present bias (see Proposition 1). For our Present-Bias Benchmark, the
consumption rate is approximately 1%.
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of the transfer is consistent with the empirical findings of Ganong and Noel (2018), who use
variation in mortgage modification programs following the financial crisis to document that
liquidity is the critical driver of short-term household consumption decisions.*?

The consumption response in the Exponential Benchmark is far less sensitive to the
liquidity of the transfer, inconsistent with the Ganong and Noel (2018) evidence. Households
in the Exponential Benchmark have a buffer stock of pre-existing liquidity that they can use

to increase consumption in response to the illiquid fiscal transfer.
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Figure 5: Liquidity of Fiscal Policy.
Notes: The left panel reproduces the benchmark fiscal policy analysis of Figure 4. The right panel plots the
IRF of aggregate consumption to a $1,000 mortgage principal reduction.

6.2 Monetary Policy

Next we study the impact of stimulative monetary policy in our economy with present-
biased households. Starting from the steady state, interest rates are cut from 1% to 0%.
Approximately 70% of households find themselves in a refinancing region following the rate
cut. By encouraging households to refinance, an important feature of this interest rate cut is
that it also provides households with an opportunity to extract home equity. Indeed, roughly
75% of households who refinance engage in a cash-out refinance.** Details of the refinancing
decision are presented in Appendix D.3.

43See also Eberly and Krishnamurthy (2014) for a discussion.

44Chen et al. (2019) estimate that approximately 70% of mortgage refinancings from 1993 — 2010 involved
an equity withdrawal.
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Figure 6 illustrates the consumption response to this 1% rate cut. The Exponential
Benchmark features a 3.8% increase in consumption on impact, which then decays slowly
over longer horizons.*® The rate cut induces a wave of cash-out refinances on impact, and

this extracted home equity is steadily spent down over time.

Next we introduce present bias. Starting with the Intermediate Case with no procrasti-
nation, monetary policy is more than 33% more effective on impact. The intuition for this
result is the same as for fiscal policy. The rate cut incentivizes households, especially those
who are constrained, to extract equity from their home. In this way, the refinancing channel
of monetary policy imitates the liquidity-injection features of fiscal policy. Since present-
biased households overconsume out of liquid wealth, this wave of home-equity extractions
produces a large consumption boom. Though fiscal and monetary policy differ in terms of
where the liquidity injection comes from — fiscal policy gives households liquidity directly
while monetary policy incentivizes households to extract liquidity from their home — both

are powerful because they provide liquidity to constrained households with large MPCs.

In addition to generating a larger consumption response on impact, the Intermediate Case
features a rapid burn-out of monetary policy over time. In both the Exponential Benchmark
and the Intermediate Case, households withdraw equity from their homes at the time of
the interest rate shock. In the Exponential Benchmark this liquidity is consumed optimally,
while in the Intermediate Case it is overconsumed. This results in a larger, but shorter lived,

consumption boom.

Turning to the Present-Bias Benchmark, procrastination reshapes the timing of the con-
sumption response to monetary policy. The Present-Bias Benchmark features a smaller effect
on impact than the Intermediate Case. But, the Present-Bias Benchmark also exhibits essen-
tially no decay in potency over the three-year period that we study. With procrastination,
the effect of monetary policy is spread out over time rather than concentrated at the time
of the rate cut. This produces a less drastic, but longer lived, economic stimulus.

Bringing all three cases together, constrained households with high MPCs compose the
dry powder that is ignited by the cash-out channel of monetary policy. The effect of g < 1
is to create a larger stock of dry powder. However, the speed at which this dry powder is

ignited depends on procrastination.

This intuition also suggests that the effect of procrastination itself depends on present
bias. We confirm this intuition in Appendix Figure 14. Appendix Figure 14 compares the
consumption response in the Exponential Benchmark to an alternate § = 1 economy aug-

mented with refinancing procrastination.*® Augmenting the Exponential Benchmark with

45This consumption response is comparable in magnitude to the estimates of Wong (2019), who uses CEX
data to calculate that households who refinance their mortgage adjust their consumption by 4% following a
one standard deviation cut to interest rates.

46Given the effort cost structure in Assumption 1, one can generate procrastination by setting 8 = 0.999.
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Figure 6: Consumption Response to Monetary Policy.
Notes: For the three calibration cases, this figure plots the percent change in aggregate consumption following

an interest rate cut from 1% to 0%.

procrastination has little effect on the consumption response to monetary policy. Con-
sumption is much less sensitive to procrastination in the Exponential Benchmark because
time-consistent households hold a larger stock of liquid wealth. This allows them to buffer

consumption while waiting to refinance.

A noteworthy feature of the Present-Bias Benchmark is that the consumption response
to monetary policy in Figure 6 is mildly hump-shaped, reaching its peak after around 2
years. Appendix Figure 16 shows that this hump shape can also be more pronounced if
the procrastination duration is shorter. A hump-shaped response of aggregate consumption
to monetary policy shocks is a common finding in the literature estimating such impulse
response functions using time-series data (e.g. Rotemberg and Woodford, 1997; Christiano et
al., 2005). Present bias with procrastination thus has the potential to qualitatively generate
this empirical finding.*”

There is also an emerging literature showing that the refinancing channel of monetary
policy is sensitive to the time-path of mortgage interest rates (Berger et al., 2018b; Eichen-
baum et al., 2018). Similar patterns arise in our model, but are not the focus of our analysis.
We highlight a different form of sensitivity — sensitivity to procrastination. Procrastina-

tion means that households are slow to adjust on their refinancing margin, prolonging the

47 Auclert et al. (2020) alternatively propose “sticky expectations” as a potential source of such hump-
shaped impulse response functions.
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pass-through of monetary policy to household consumption.

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; affects the household’s return on b,.%® 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 com-
ponents. First, we isolate the direct effect on liquid wealth by shutting down households’
ability to refinance. We do this by making ~"¢/* arbitrarily large. Second, we reintroduce
the ability for households to conduct a rate refinance, but keep the cash-out channel shut

down. To do this, we modify the refinancing budget constraint (equation (5)) as follows:
V —m' = b, —my — & subject to m’ € [0, m; + £"/"] and &' > b. (5)

Constraint (5') means that households cannot increase their liquid wealth balances by re-
financing; i.e., ¥ < b,.* Third, we reintroduce the cash-out channel to get back to the

benchmark results shown in Figure 6.

This decomposition is presented in Table 4. Each cell presents the on-impact consumption
elasticity in the modified model.® Roughly one quarter of the total consumption response
can be attributed to the liquid wealth channel, and another quarter can be attributed to the
rate refinancing channel. In all three cases, the majority of the total consumption response

comes from the cash-out channel of monetary policy.

Exponential | Intermediate | Present Bias
Step 1. No Refis 0.79 (21%) | 0.89 (18%) | 0.83 (23%)
Step 2. No Cash-Outs | 1.74 (46%) | 2.08 (41%) | 1.81 (50%)
Step 3. Full Response | 3.76 (100%) | 5.03 (100%) | 3.58 (100%)

Table 4: Consumption Response Decomposition.
Notes: This table decomposes the channels through with monetary policy produces a consumption response
(on impact). The first row presents the consumption elasticity when households are not allowed to refinance.
The second row allows for rate refinances, but not home-equity extractions. The third row presents the
consumption response in the full model. Parentheses indicate the share of the total consumption response.

48In particular, the direct effect on liquid wealth includes the usual income and substitution effects, which
are the focus of most single-asset models of monetary policy.

498pecification (5') does allow households to roll the fixed cost of refinancing into their new mortgage.
This is necessary to allow households at b to refinance.

50Tn all three steps we use the pre-shock distribution of households from the full model. This prevents the
distribution of households from changing as we change households’ access to refinancing technology.
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6.3 Summary

In an economy with present-biased households, fiscal policy is a powerful and robust tool
for macroeconomic stabilization. Monetary policy is a powerful yet sensitive policy tool.
Present bias creates both high MPCs and a large share of constrained households. These
households are quick to spend down liquidity, making fiscal policy a high-powered tool for
generating a short-run consumption boom. Present bias increases the potency of monetary
policy for a similar reason: rate cuts produce cash-out refinances, which mirror the liquidity-
injection features of fiscal policy. Though powerful, the refinancing channel of monetary
policy is sensitive to refinancing inertia. Procrastination increases the lag between rate cuts

and refinancing, generating a milder but longer-lived stimulus.

(a) Fiscal Policy (b) Monetary Policy
5 : : 15 : :
= Exponential = Exponential
4.5 — =Intermediate | RS — =Intermediate =
fg\ 4 === Present Bias| | TS == Present Bias
6 )
A 35¢ &
= g
pd 3+ 5 1.2F
~ 2
2 25 L
g 2 -
2+ - -
3 = C
@ g
S 15f >
S :
09+
1 O
0.5 : : : ‘ : 0.8 : : : : :
0 0.5 1 15 2 25 3 0 0.5 1 15 2 25 3
Years Years

Figure 7: Fiscal and Monetary Policy, Scaled to Exponential Benchmark.
Notes: The left panel presents our fiscal policy analysis, and the right panel presents our monetary policy
analysis. All consumption responses are scaled to the Exponential Benchmark.

Figure 7 summarizes the effect of present bias on fiscal and monetary policy. Figure 7
plots our fiscal and monetary policy experiments scaled by the consumption response in the
Exponential Benchmark. For fiscal policy, 8 < 1 robustly generates a larger short-run con-
sumption boom. For monetary policy, the effect of 8 < 1 is sensitive to procrastination. The
Intermediate Case features a larger, but short-lived, consumption boom. The Present-Bias
and Exponential Benchmarks feature a similar consumption response on impact. However,
the Present-Bias Benchmark produces a much larger long-run response as the dry powder

of constrained households is slowly ignited.
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6.4 The Distributional Effects of Policy

We end by leveraging the heterogeneous-agent structure of the model to study how present

bias affects the distributional consequences of fiscal and monetary policy.

The top row of Figure 8 breaks down the consumption response to fiscal policy for our two
benchmark cases. Each panel plots the consumption response to fiscal stimulus on impact as
a function of pre-shock consumption. In the Exponential Benchmark (left) the consumption
response is relatively evenly spread across the consumption distribution. In the Present-Bias
Benchmark (right) this is not the case — the lowest consumption households experience a
drastic consumption boom from fiscal policy. These households are borrowing-constrained,
and sharply increase consumption following the liquidity shock.

The bottom row of Figure 8 breaks down the consumption response to monetary policy on
impact. In the Exponential Benchmark, the largest consumption response comes from low-
consumption households. These households are near b, and implement a cash-out refinance
following the rate cut. Thus, in the Exponential Benchmark the refinancing channel of
monetary policy endogenously targets itself to constrained households.

Alternatively, in the Present-Bias Benchmark the low-consumption households respond
very little to monetary policy on impact. The largest response now comes from house-
holds with intermediate levels of pre-shock consumption. Low-consumption households are
constrained on impact, and because they procrastinate on refinancing they cannot imme-
diately adjust consumption. Households with intermediate consumption are not liquidity
constrained on impact. These households will typically be in either a refinancing region
following the rate cut (in which case they expect to refinance in the next instant), or near a
refinancing region (in which case they expect to refinance soon). In both cases, consumption
smoothing implies that these households will increase consumption today in expectation of
the cash-out refinance that they plan to conduct in the near future. This ability to smooth
consumption relies on pre-existing liquidity at the time of the monetary policy shock, which

households at b do not have.

The key takeaway from Figure 8 is that present bias reverses the distributional conse-
quences of fiscal versus monetary policy. In the Exponential Benchmark, the way to stimulate
the consumption of low-consumption households is with monetary policy: a cut to interest
rates allows low-consumption households to refinance. In the Present-Bias Benchmark, pro-
crastination 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.

It is important to emphasize that distributional considerations also become more impor-
tant under present bias. While less than 1% of households are constrained in the Exponential
Benchmark, over 13% of households are constrained in the Present-Bias Benchmark. The
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Figure 8: Heterogeneity Analysis.
Notes: This figure plots the consumption response to fiscal (top row) and monetary (bottom row) policy as
a function of households’ pre-shock consumption. The solid line plots the consumption response, and the
bars show the distribution of households over pre-shock consumption.

impact of stabilization policy on constrained households affects a much larger share of the
population in the Present-Bias Benchmark.

7 Adding Aggregate House Price and Income Shocks

Macroeconomic stabilization policy seldom operates in isolation and instead responds to
shocks hitting the economy. In particular, expansionary monetary and fiscal policy are
often used in recessions. Recessionary shocks, by definition, correspond to a temporary

decline in aggregate income. Recessions can also coincide with declining house prices. Our
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baseline analysis in Section 6 shows that present bias amplifies the consumption response
to macroeconomic stabilization policy. This section examines the ways in which shocks to
house prices and aggregate income affect monetary and fiscal policy.

7.1 House Price Shocks

Present bias amplifies monetary policy by producing a consumption boom driven by home-
equity extractions. However, this cash-out channel of monetary policy is limited to house-
holds with pre-existing home equity, in particular those whose mortgage balance is strictly
below the maximum LTV ratio, m; < 6h. This means that the cash-out channel of monetary
policy is sensitive to house price shocks, which can quickly create or destroy home equity.

Understanding the effect of house price shocks on macroeconomic policy is particularly
important when considering the three most recent recessions: the COVID-19 Recession, the
Great Recession, and the Early 2000s Recession. Home prices remained relatively stable
during the COVID-19 Recession (to date), collapsed in the Great Recession, and boomed
throughout the Early 2000s Recession.

Our baseline analysis in Section 6 corresponds to the case where home prices are stable
before the cut to interest rates. To examine the effect of house price shocks we exogenously
shock the home value h by £+ 25%.”! The negative 25% shock corresponds to the Great
Recession. The positive 25% shock corresponds to the Early 2000s Recession, where house
prices boomed while the Federal Reserve adopted a multi-year path of low interest rates.
Second, policymakers immediately respond to this house price shock with either fiscal or
monetary policy. As in Section 6, the monetary policy experiment is a rate cut from 1% to

0%, and the fiscal policy experiment is a $1,000 liquid transfer.

Figure 9 plots the consumption response to monetary policy after a negative (left panel)
or positive (right panel) 25% shock to house prices. The solid curves plot the consumption
response to monetary policy in the shocked economy. For reference, the transparent lines
mark the baseline case in Figure 6. Though the magnitude of the consumption response to
monetary policy is sensitive to house price shocks, our main result that present bias amplifies

the consumption response to monetary policy holds in both cases.

The left panel of Figure 9 shows that monetary policy is significantly weakened by the
collapse in house prices. The negative shock wipes out home equity and prevents many
homeowners from refinancing. This result is consistent with recent research documenting
that negative house price shocks undermined monetary policy following the Great Recession
(e.g., Beraja et al., 2017).

51The economy starts in the “steady state” before the shock to h. For simplicity we assume that the shock
is permanent. However, we only study the short-run consumption response to monetary and fiscal policy.
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Figure 9: Monetary Policy and House Price Shocks.
Notes: This figure plots the consumption response to an interest rate cut that immediately follows a house
price shock of -25% (left) or +25% (right). The transparent lines plot to the baseline case in Figure 6, and
are included for reference.

The right panel of Figure 9 plots the positive 25% shock case. Now, the consumption
boom generated by the rate cut is even larger than in the baseline case. The positive shock
generates additional home equity, strengthening the cash-out channel of monetary policy.
This is consistent with the boom in home-equity extractions that was observed in the mid-
2000s (Khandani et al., 2013; Bhutta and Keys, 2016).

Comparing the left and right panels of Figure 9 shows that present bias amplifies the
sensitivity of monetary policy to house price shocks, particularly over longer horizons. In
the Present-Bias Benchmark, the cash-out channel is a key component of monetary policy.
The extent to which this channel can operate depends on the stock of home equity that is

available to be liquidated.

It is also important to explore whether house price shocks affect fiscal policy. For both
positive and negative house price shocks, we find that present bias continues to strongly
amplify the consumption response to fiscal policy.”?> Details are in Appendix D.5.

7.2 Income Shocks

We also evaluate the effect of recessionary income shocks on monetary and fiscal policy.
We generate a temporary 5% fall in aggregate income by shifting a share of high-income

households to the middle-income state, and a share of middle-income households to the low-

52For example, in the negative 25% shock case the one-year MPC is 18% in the Exponential Benchmark,
compared to 28% in the Present-Bias Benchmark. In the positive 25% shock case the one-year MPC is 10%
in the Exponential Benchmark, compared to 26% in the Present-Bias Benchmark.
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income state.”® Policymakers immediately respond to this recessionary income shock with
either monetary or fiscal policy.

The recessionary income shock leads to an immediate decline in consumption of roughly
1%. However, the subsequent consumption response to monetary and fiscal policy is almost
identical to the baseline results in Section 6. This is because liquidity, not income, is the key

driver of the consumption response to these policies. Appendix D.5 contains further details.

8 Extensions

8.1 A Call to ARMs?

In order to reflect the typical features of the U.S. mortgage market our paper studies macroe-
conomic stabilization policy under the assumption that households have fixed-rate mortgages
(FRMs). Since the 2007-08 Financial Crisis, many economists have argued that downwardly
flexible mortgages, such as adjustable-rate mortgages (ARMs), improve macroeconomic sta-
bility (e.g., Eberly and Krishnamurthy, 2014; Campbell et al., 2018; Guren et al., 2018;
Andersen et al., 2019). If the monetary authority cuts interest rates in a recession, ARM
payments automatically adjust downward, thereby increasing households’ disposable income.

This creates a fast and direct transmission of monetary policy to household balance sheets.

Section 6.2 shows that refinancing procrastination slows down the transmission of mon-
etary policy. A natural policy question is whether such refinancing procrastination implies
that downwardly flexible mortgages would improve the short-run potency of monetary policy

in our model with present bias.

To study this question, we re-solve our Present-Bias Benchmark under the assumption
that all households have ARMs instead of FRMs. The model from Section 2 remains the
same, except that mortgage rate " automatically adjusts with interest rate r;. We also
recalibrate the mortgage wedge from 1.7% to 0.9%.' This corresponds to the average
difference between a 5/1 hybrid ARM and the 10-year treasury yield from 2015 — 2017.

In our monetary policy experiment with ARMs we cut r; from 1% down to -1%. This
doubles the magnitude of the rate cut from our earlier FRM analysis, where interest rates
were reduced from 1% to 0%. This change ensures comparability across the two monetary
policy experiments, since ARMs are more sensitive to monetary policy than long-duration

53We shift 9.5 percentage points of high-income households to middle income, and 9.5 percentage points
of middle-income households to low income. The share of households across low, middle, and high income
goes from 31%, 39%, 31%, respectively, to 40%, 39%, 21%.

54FRMs are typically more expensive than ARMs because FRMs lead to lower payments if interest rates
rise, and come with the option to refinance if rates fall. The borrower has to pay ex-ante for this insurance.
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FRMs.”

We find that the time path of the consumption response to monetary policy is almost
identical with ARMs versus FRMs (see Appendix Figure 15 for details). This result high-
lights that there is a tradeoff between ARMs and FRMs that arises when households are
present biased. On the one hand, ARMs produce a fast pass-through of monetary policy that
applies to all mortgage holders. This is particularly important for constrained households
who procrastinate on refinancing. On the other hand, ARMs reduce the liquidity injection
features of monetary policy because ARMs imply that households no longer need to refinance
when the interest rate is cut. Present bias generates a powerful cash-out channel of monetary
policy, but this channel is stifled by ARMs. Overall, the stimulative effect of ARMs accrues
quickly and to all households, but is small. The stimulative effect of FRMs accrues slowly
and only to households who plan to refinance, but is large. These two effects are of similar

magnitude in our model.

An important factor explaining these offsetting effects is the large size difference between
ARM payment adjustments versus home-equity extractions. Recall that the home value is
calibrated to 3.1 times permanent income, and the average LTV ratio is 0.54. With ARMs,
a 2% reduction in mortgage rates is equivalent to a 2% x 0.54 x 3.1 = 3% increase in income
for the average household (roughly $3,000 per year). Alternatively, with FRMs the typical
cash-out is about 30% of permanent income ($30,000) — an order of magnitude larger than
the typical ARM payment reduction — and present-biased households have large MPCs out
of these liquidity injections. Such large cash-outs are consistent with the data. The average
cash-out amount from 1999-2010 was $40,000 (Bhutta and Keys, 2016), and there is little
evidence that the majority of these home-equity extractions are kept as savings (Greenspan
and Kennedy, 2008; Bhutta and Keys, 2016). However, ARMs prevent this large stock of
dry powder from ever being ignited.

While we do not find that ARMSs increase the power of monetary policy, we note that our
model is too stylized to make rigorous quantitative claims. Our analysis also assumes that
house prices are fixed and negative house price shocks, such as those observed following the
financial crisis, can significantly reduce the cash-out channel of FRMs (see Section 7.1). Our
results nevertheless highlight a new tradeoff between FRMs and ARMs that policymakers
should be aware of when considering different mortgage contract designs. They also suggest
that monetary policy is most powerful if mortgage contracts feature both a fast pass-through
(like ARMs) while simultaneously allowing for cash-outs (like FRMs). Appendix Figure 16
shows just how powerful monetary policy can be in a FRM environment if policymakers are

55Empirically there is roughly a 50% pass-through from monetary policy to the 30-year mortgage interest
rate. See Gertler and Karadi (2015), Gilchrist et al. (2015), and Eichenbaum et al. (2018) for details. For a
recent example, the effective federal funds rate fell by 145 basis points from January 2020 to August 2020
(from 1.55% to 0.10%). Over the same period, the 30-year FRM fell 68 basis points (from 3.62% to 2.94%).
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able to reduce (or eliminate) procrastination concurrently with a monetary expansion.

In addition to being stylized this section ignores important welfare considerations. For
example, FRMs produce a consumption boom by encouraging overconsumption out of home
equity. It is ambiguous whether or not this is welfare-improving. Monetary policy also
appears to be more equitable under ARMs than FRMs. We showed in Section 6.4 that
procrastination slows the response of low-consumption households to monetary policy. Under
ARMs, where adjustment is automatic, the lowest-consumption households experience a
moderate boost in consumption immediately following the interest rate cut.

8.2 Discussion: Implications of Present Bias for General Equilib-

rium Effects of Macroeconomic Policy

As we have already discussed, our model is set in partial equilibrium because abstracting
from general equilibrium considerations allows for a richer, and more straightforward, inves-
tigation of the household problem. This raises the question how present bias would affect
the transmission of monetary and fiscal policy in a full general equilibrium analysis. Here
we briefly discuss this question through the lens of the literature on Heterogeneous Agent
New Keynesian (HANK) models. That is, we ask what the effect of present bias would be
on the consumption response to monetary and fiscal policy in a general equilibrium version

of the model with nominal rigidities.

In HANK models, macroeconomic stabilization policy can trigger a number of different
indirect general equilibrium effects, particularly effects working through household labor
income and asset prices and returns (see e.g., Werning, 2015; Kaplan et al., 2018; Auclert,
2019; Alves et al., 2019; Slacalek et al., 2020). The size of these indirect effects depend on
the size of these variables’ movements as well as households’ responsiveness to these changes,
e.g. MPCs (and MPXs) out of labor income and asset price changes. In heterogeneous-agent
models with idiosyncratic income risk and borrowing constraints of the type analyzed here
these indirect effects can be important because such models often generate sizable MPCs
(e.g., Kaplan et al., 2018).

As we have shown above, present bias increases both households’ average MPC and the
direct consumption effect of an interest rate cut. The likely implications for the transmission

560ne could also imagine studying the impact of present bias on the consumption response to macroe-
conomic policy in models without nominal rigidities, and this may overturn our result that present bias
amplifies this response. For example, in a model with a classical dichotomy, changes in nominal interest
rates would have no effect on real consumer spending regardless of whether the economy features present
bias. Similarly, one may be able to construct a general equilibrium version of our model in which an ex-
treme form of Ricardian equivalence holds so that fiscal stimulus has no effect on consumer spending, again
regardless of present bias. We view such exercises as less interesting and instead discuss environments in
which policy affects consumer spending also in the absence of present bias.
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of monetary and fiscal policy in a full general equilibrium analysis are as follows.

Fiscal Policy. We conjecture that, also in a general equilibrium HANK version of our
model, present bias would continue to amplify households’ spending response to fiscal policy.
This follows from a simple “Keynesian cross” logic which takes as its starting point that
the most potent general equilibrium effect triggered by fiscal policy is likely the one working
through households’ labor incomes: a fiscal transfer increases aggregate consumption demand
(the impulse or direct effect); in equilibrium, firms hire more which increases households’
labor incomes and leads to additional spending (the multiplier or indirect effect).’” The key
ingredient determining the size of both this impulse and multiplier are households” MPCs
which increase with present bias. Present bias therefore likely amplifies not only the direct
effects but also the indirect general equilibrium effects of fiscal policy.

Monetary Policy. We conjecture that the situation is similar for monetary policy, namely
that present bias would increase not only direct but also indirect effects and therefore the
overall consumption response. Just like fiscal policy, monetary policy triggers indirect effects
working through labor income and present bias would amplify these via higher MPCs.

Monetary policy additionally triggers indirect effects working through asset prices and
returns (Gornemann et al., 2016; Kaplan et al., 2018; Alves et al., 2019; Slacalek et al.,
2020). Since we study the effect of monetary policy on consumption at relatively high
frequencies, we are mostly interested in asset price changes at those same frequencies. In
this regard, empirical evidence usually points to interest rate cuts as increasing stock prices
(e.g. Bernanke and Kuttner, 2005; Giirkaynak et al., 2005). There is also evidence that loose
monetary policy increases house prices (e.g. Jorda et al., 2015) but this mechanism seems to
operate at considerably lower frequencies and we therefore do not analyze it here. While we
have not analyzed MPCs out of asset price changes and how these are affected by present
bias, our findings for MPCs out of income changes provide some guidance in this regard.
As we showed in Figure 5, present bias increases MPCs out of liquid income changes while
leaving MPCs out of illiquid income largely unchanged. It is therefore natural to conjecture
that present bias would amplify the consumption response to changes in prices of liquid
directly-held stocks and not affect the response to changes in prices of illiquid indirectly-
held stocks (e.g., in 401(k) retirement accounts). Taken together, this discussion suggests
that, in a HANK-version of our model, present bias would continue to amplify the effects of

monetary policy once general equilibrium effects are taken into account.

Fully evaluating the impact of present bias on the economy’s response to monetary and

fiscal policy in a full general equilibrium model is an important task for future work.

5TFor modern macro versions of this mechanism, see for example Auclert et al. (2018) and Wolf (2019).
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9 Conclusion and Policy Discussion

The goal of this paper is twofold. First, we show that present bias improves the model’s
ability to replicate a variety of empirical patterns exhibited in household consumption-saving
behavior. Second, we use our model to understand how present bias alters the household
balance-sheet channels of macroeconomic policy.

Our results on fiscal policy yield a clear conclusion: liquid wealth transfers to constrained
households produce a powerful consumption response. Present bias creates both a large share
of constrained households and high MPCs for these households. These high MPCs imply
that even large fiscal transfers (e.g., $10,000) will be consumed quickly.

The model’s monetary policy predictions are more nuanced. Because the refinancing
channel of monetary policy replicates the liquidity-injection features of fiscal policy, monetary
policy is powerful for 5 < 1. However, the timing of this refinancing channel is affected by
refinancing inertia. Unlike fiscal policy, it can take time for the full effects of monetary policy
to reveal themselves. The large share of constrained households who intend to refinance —
but are slow to do so — implies that the “dry powder” of home equity is slow to ignite. This
also suggests that policies aimed at reducing refinancing inertia can increase the short-run
impact of monetary policy (Andersen et al., 2019).

Present bias also reshapes the distributional consequences of fiscal and monetary policy.
When S = 1, monetary policy endogenously targets constrained households. High-income,
unconstrained, households are unlikely to refinance their mortgage following a cut to interest
rates, while low-income households will endogenously select into (cash-out) refinancing. In-
tuitively, by cutting interest rates the policymaker naturally helps households who borrow.
When 8 < 1, procrastination overturns this result. Constrained households no longer rush
to refinance, and instead persist in their low-consumption state. Fiscal policy becomes the
relevant tool for quickly improving the consumption of constrained households.

A digression on the targeting of fiscal policy is warranted. Our model shows that house-
holds near b are the ideal targets for fiscal policy. Though a household’s liquid-wealth state
is likely unobservable to policymakers, our model suggests that income is highly correlated
with liquid wealth. Indeed, Table 2 shows how large MPCs are for low- and middle-income
households. Here, too, a warning is needed. All households in our model are ex-ante identi-
cal, and we model transitory income fluctuations around a constant permanent level. While
policymakers can observe realized income, it is harder to observe the permanent income level
that realized income should be compared to. In practice, unemployment is an observable
state that will include a large share of constrained households earning less than their perma-
nent income level. This practical implication accords with the empirical results of Ganong
and Noel (2017), who find that consumption is highly sensitive to unemployment insurance
benefits.
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We conclude by repeating a number of limitations of our analysis. First, we do not
model general equilibrium forces and touched upon this issue only briefly in Section 8.2.
As discussed there, we view our results as inputs into richer general equilibrium models.
Second, our model abstracts from many important macroeconomic dimensions. We focus on
a subset of the population, homeowners. We do not model the financial sector nor do we
model businesses, both of which will experience stress during recessions. Our model does
not feature a government, and there are no future tax liabilities associated with our fiscal
policy experiments. Our discussion on the timing of fiscal and monetary policy abstracts
from policy lags which, in practice, are a critical difference between the speed of fiscal versus
monetary policy. Third, even in partial equilibrium the household side of our model is highly
stylized. We ignore detailed lifecycle dynamics as well as additional balance-sheet factors
like stock market wealth. The model also omits mortgage default, which may interact with
both monetary policy and present bias in interesting ways. Fourth, we do not study the
welfare consequences of fiscal and monetary policy. All of these considerations are likely

fruitful areas for future research.

References

Achdou, Yves, Jiequn Han, Jean-Michel Lasry, Pierre-Louis Lions, and Benjamin
Moll, “Income and wealth distribution in macroeconomics: A continuous-time approach,”
2017.

Agarwal, Sumit and Wenlan Qian, “Consumption and debt response to unanticipated
income shocks: Evidence from a natural experiment in Singapore,” American Economic

Review, 2014, 104 (12), 4205-30.

_ , Itzhak Ben-David, and Vincent Yao, “Systematic mistakes in the mortgage market
and lack of financial sophistication,” Journal of Financial Economics, 2017, 123 (1), 42-58.

_ , John C Driscoll, and David I Laibson, “Optimal Mortgage Refinancing: A Closed-
Form Solution,” Journal of Money, Credit and Banking, 2013, 45 (4), 591-622.

_ , Richard J Rosen, and Vincent Yao, “Why do borrowers make mortgage refinancing
mistakes?,” Management Science, 2016, 62 (12), 3494-3509.

_ , Souphala Chomsisengphet, Neale Mahoney, and Johannes Stroebel, “Do banks
pass through credit expansions to consumers who want to borrow?,” The Quarterly Journal
of Economics, 2018, 133 (1), 129-190.

Akerlof, George A, “Procrastination and Obedience,” The American Economic Review,
1991, 81 (2), 1-19.

90



Alves, Felipe, Greg Kaplan, Benjamin Moll, and Giovanni L. Violante, “A Further
Look at the Propagation of Monetary Policy Shocks in HANK,” manuscript, July, 2019.

Andersen, Steffen, John Y Campbell, Kasper Meisner Nielsen, and Tarun Ra-
madorai, “Sources of Inaction in Household Finance: Evidence from the Danish Mortgage
Market,” Awvailable at SSRN 2463575, 2019.

Angeletos, George-Marios, David Laibson, Andrea Repetto, Jeremy Tobacman,
and Stephen Weinberg, “The Hyberbolic Consumption Model: Calibration, Simula-
tion, and Empirical Evaluation,” Journal of Economic Perspectives, Summer 2001, 15 (3),

47-68.

Ashraf, Nava, Dean Karlan, and Wesley Yin, “Tying Odysseus to the Mast: Evi-
dence from a Commitment Savings Product in the Philippines,” The Quarterly Journal
of Economics, 2006, 121 (2), 635-672.

Auclert, Adrien, “Monetary policy and the redistribution channel,” American Economic
Review, 2019, 109 (6), 2333-67.

_ , Matthew Rognlie, and Ludwig Straub, “The Intertemporal Keynesian Cross,” 2018.

—, —,and _ , “Micro Jumps, Macro Humps: Monetary Policy and Business Cycles in an
Estimated HANK Model,” NBER Working Papers 26647, National Bureau of Economic
Research, Inc January 2020.

)

Augenblick, Ned, “Short-Term Time Discounting of Unpleasant Tasks,’
2017.

Working Paper,

_ and Matthew Rabin, “An Experiment on Time Preference and Misprediction in Un-
pleasant Tasks,” manuscript, 2017.

_, Muriel Niederle, and Charles Sprenger, “Working Over Time: Dynamic Inconsis-
tency in Real Effort Tasks,” The Quarterly Journal of Economics, 2015, 130 (3), 1067
1115.

Bardi, Martino and Italo Capuzzo-Dolcetta, Optimal Control and Viscosity Solutions
of Hamilton-Jacobi-Bellman Equations, Springer, 1997.

Bensoussan, Alain and Jacques-Louis Lions, Applications of variational inequalities in
stochastic control, Vol. 12 of Studies in Mathematics and its Applications, North-Holland
Publishing Co., Amsterdam-New York, 1982. Translated from the French.

_ and _ , Impulse control and quasivariational inequalities i, Gauthier-Villars, Montrouge;
Heyden & Son, Inc., Philadelphia, PA, 1984. Translated from the French by J. M. Cole.

51



Beraja, Martin, Andreas Fuster, Erik Hurst, and Joseph Vavra, “Regional Hetero-
geneity and Monetary Policy,” 2017.

Berger, David and Joseph Vavra, “Consumption dynamics during recessions,” Econo-
metrica, 2015, 83 (1), 101-154.

_, Veronica Guerrieri, Guido Lorenzoni, and Joseph Vavra, “House prices and
consumer spending,” The Review of Economic Studies, 2017, 85 (3), 1502—-1542.

Berger, David W., Konstantin Milbradt, Fabrice Tourre, and Joseph Vavra,
“Mortgage Prepayment and Path-Dependent Effects of Monetary Policy,” NBER Working
Papers 25157, National Bureau of Economic Research, Inc October 2018.

Berger, David W, Konstantin Milbradt, Fabrice Tourre, and Joseph Vavra,
“Mortgage prepayment and path-dependent effects of monetary policy,” 2018.

Bernanke, Ben S. and Kenneth N. Kuttner, “What Explains the Stock Market’s
Reaction to Federal Reserve Policy?,” Journal of Finance, 06 2005, 60 (3), 1221-1257.

Beshears, John, James J Choi, David Laibson, and Brigitte C Madrian, “Be-
havioral household finance,” in “Handbook of Behavioral Economics: Applications and
Foundations 1,” Vol. 1, Elsevier, 2018, pp. 177-276.

Bhutta, Neil and Benjamin J Keys, “Interest rates and equity extraction during the
housing boom,” American Economic Review, 2016, 106 (7), 1742-74.

Blanchard, Olivier J, “Debt, Deficits, and Finite Horizons,” Journal of Political Economy,
1985, 93 (2), 223-247.

Broda, Christian and Jonathan A Parker, “The economic stimulus payments of 2008

and the aggregate demand for consumption,” Journal of Monetary Economics, 2014, 68,
S520-S36.

Bunn, Philip, Jeanne Le Roux, Kate Reinold, and Paolo Surico, “The consumption
response to positive and negative income shocks,” Journal of Monetary Economics, 2018,
96, 1-15.

Campbell, John Y, “Household Finance,” The journal of finance, 2006, 61 (4), 1553-1604.
—, “Mortgage market design,” Review of finance, 2013, 17 (1), 1-33.

— , Nuno Clara, and Joao F Cocco, “Structuring mortgages for macroeconomic stabil-
ity,” Awailable at SSRN 3135366, 2018.

52



Cao, Dan and Ivan Werning, “Dynamic Savings Choices with Disagreements,” 2016.

Case, Karl and Robert Shiller, “The Efficiency of the Market for Single-Family Homes,”
American Economic Review, 1989, 79 (1), 125-37.

Chen, Hui, Michael Michaux, and Nikolai Roussanov, “Houses as ATMs: Mortgage
Refinancing and Macroeconomic Uncertainty,” The Journal of Finance, 2019.

Christiano, Lawrence J., Martin Eichenbaum, and Charles L. Evans, “Nominal
Rigidities and the Dynamic Effects of a Shock to Monetary Policy,” Journal of Political
Economy, February 2005, 113 (1), 1-45.

Cloyne, James, Clodomiro Ferreira, and Paolo Surico, “Monetary policy when house-
holds have debt: new evidence on the transmission mechanism,” The Review of Economic
Studies, 2020, 87 (1), 102-129.

Cloyne, James S and Paolo Surico, “Household debt and the dynamic effects of income
tax changes,” The Review of Economic Studies, 2017, 84 (1), 45-81.

Cohen, Jonathan, Keith Marzilli Ericson, David Laibson, and John Myles White,
“Measuring Time Preferences,” Journal of Economic Literature, 2020, 58 (2), 299-347.

Crawley, Edmund and Andreas Kuchler, “Consumption Heterogeneity: Micro Drivers

and Macro Implications,” 2020.

DellaVigna, Stefano, “Structural behavioral economics,” in “Handbook of Behavioral
Economics: Applications and Foundations 1,” Vol. 1, Elsevier, 2018, pp. 613-723.

and Ulrike Malmendier, “Contract design and self-control: Theory and evidence,”
The Quarterly Journal of Economics, 2004, 119 (2), 353-402.

Eberly, Janice and Arvind Krishnamurthy, “Efficient credit policies in a housing debt
crisis,” Brookings Papers on Economic Activity, 2014, 2014 (2), 73-136.

Eichenbaum, Martin, Sergio Rebelo, and Arlene Wong, “State dependent effects of
monetary policy: The refinancing channel,” 2018.

Fagereng, Andreas, Martin Blomhoff Holm, and Gisle James James Natvik,
“MPC heterogeneity and household balance sheets,” Awvailable at SSRN 3399027, 2019.

Floden, Martin and Jesper Lindé, “Idiosyncratic risk in the United States and Sweden:
Is there a role for government insurance?,” Review of Economic dynamics, 2001, 4 (2),
406-437.

93



Fulford, Scott L, “The surprisingly low importance of income uncertainty for precaution,”
FEuropean Economic Review, 2015, 79, 151-171.

Fuster, Andreas, Greg Kaplan, and Basit Zafar, “What would you do with $5007
Spending responses to gains, losses, news and loans,” 2018.

Gabaix, Xavier, “Behavioral inattention,” 2019, 2, 261-343.

Ganong, Peter and Pascal Noel, “Consumer spending during unemployment: Positive
and normative implications,” Unpublished manuscript, U. Chicago, 2017.

_ and _ , “Liquidity vs. wealth in household debt obligations: Evidence from housing
policy in the great recession,” 2018.

Gertler, Mark and Peter Karadi, “Monetary Policy Surprises, Credit Costs, and Eco-

nomic Activity,” American Economic Journal: Macroeconomics, January 2015, 7 (1),
44-76.

Gilchrist, Simon, David Lopez-Salido, and Egon Zakrajsek, “Monetary Policy and
Real Borrowing Costs at the Zero Lower Bound,” American Economic Journal: Macroe-
conomics, January 2015, 7 (1), 77-109.

Gornemann, Nils, Keith Kuester, and Makoto Nakajima, “Doves for the Rich, Hawks
for the Poor? Distributional Consequences of Monetary Policy,” CEPR Discussion Papers
11233, C.E.P.R. Discussion Papers April 2016.

Greenspan, Alan and James Kennedy, “Sources and uses of equity extracted from
homes,” Ozford Review of Economic Policy, 2008, 2/ (1), 120-144.

Greenwald, Daniel, “The mortgage credit channel of macroeconomic transmission,” 2018.

Gross, David B and Nicholas S Souleles, “Do liquidity constraints and interest rates

7

matter for consumer behavior? Evidence from credit card data,

of economics, 2002, 117 (1), 149-185.

The Quarterly journal

Guerrieri, Veronica and Guido Lorenzoni, “Credit crises, precautionary savings, and
the liquidity trap,” The Quarterly Journal of Economics, 2017, 132 (3), 1427-1467.

_, —, and Marta Prato, “Household Balance Sheets and Consumption Recessions,”
Working Paper, Northwestern University 2020.

Guren, Adam M, Arvind Krishnamurthy, and Timothy J McQuade, “Mortgage
design in an equilibrium model of the housing market,” 2018.

o4



Giirkaynak, Refet S, Brian Sack, and Eric Swanson, “Do Actions Speak Louder
Than Words? The Response of Asset Prices to Monetary Policy Actions and Statements,”
International Journal of Central Banking, May 2005, 1 (1).

Harris, Christopher and David Laibson, “Instantaneous Gratification,” The Quarterly
Journal of Economics, 2012, 128 (1), 205.

Hurst, Erik and Frank Stafford, “Home is where the equity is: Mortgage refinancing
and household consumption,” Journal of Money, credit and Banking, 2004, pp. 985-1014.

Johnson, David S, Jonathan A Parker, and Nicholas S Souleles, “Household ex-
penditure and the income tax rebates of 2001,” American Economic Review, 2006, 96 (5),
1589-1610.

Johnson, Eric J, Stephan Meier, and Olivier Toubia, “What’s the Catch? Suspicion
of Bank Motives and Sluggish Refinancing,” The Review of Financial Studies, 2019, 32
(2), 467-495.

Jorda, Oscar, Moritz Schularick, and Alan M. Taylor, “Betting the house,” Journal
of International Economics, 2015, 96 (S1), 2-18.

Kaplan, Greg and Giovanni L Violante, “A model of the consumption response to fiscal
stimulus payments,” Econometrica, 2014, 82 (4), 1199-1239.

_ , Benjamin Moll, and Giovanni L. Violante, “Monetary policy according to HANK.”
American Economic Review, 2018, 108 (3), 697-743.

_ , Kurt Mitman, and Giovanni L. Violante, “The Housing Boom and Bust: Model
Meets Evidence,” NBER Working Papers 23694, National Bureau of Economic Research,
Inc August 2017.

Kennickell, Arthur and Annamaria Lusardi, “Disentangling the importance of the
precautionary saving mode,” 2004.

Kennickell, Arthur B, “Saving and permanent income: Evidence from the 1992 SCF,”
1995.

Keys, Benjamin J, Devin G Pope, and Jaren C Pope, “Failure to refinance,” Journal
of Financial Economics, 2016, 122 (3), 482-499.

Khandani, Amir E., Andrew W. Lo, and Robert C. Merton, “Systemic risk and the
refinancing ratchet effect,” Journal of Financial Economics, 2013, 108 (1), 29-45.

95



Kovacs, Agnes and Patrick Moran, “Temptation and commitment: understanding the
demand for illiquidity,” IFS Working Papers W19/18, Institute for Fiscal Studies July
2019.

Kueng, Lorenz, “Excess sensitivity of high-income consumers,” The Quarterly Journal of
Economics, 2018, 133 (4), 1693-1751.

Laibson, David, “Golden Eggs and Hyperbolic Discounting,” The Quarterly Journal of
Economics, 1997, 112 (2), 443-478.

_ and Peter Maxted, “The § — 0 — A Sweetspot,” manuscript, 2020.

_ , _ , Andrea Repetto, and Jeremy Tobacman, “Estimating Discount Functions with
Consumption Choices Over the Lifecycle,” manuscript, 2020.

Mankiw, N Gregory and Ricardo Reis, “Sticky information versus sticky prices: a pro-
posal to replace the New Keynesian Phillips curve,” The Quarterly Journal of Economics,
2002, 117 (4), 1295-1328.

Maturana, Gonzalo and Jordan Nickerson, “Teachers Teaching Teachers: The Role of
Workplace Peer Effects in Financial Decisions,” The Review of Financial Studies, 2019,
32 (10), 3920-3957.

Maxted, Peter, “Present Bias in Consumption-Saving Models: A Tractable Continuous-
Time Approach,” Mimeo, 2020.

McClure, Samuel M., Keith M. Ericson, David I. Laibson, George Loewenstein,
and Jonathan D Cohen, “Time Discounting for Primary Rewards,” Journal of neuro-
science, 2007, 27 (21), 5796-5804.

McKay, Alisdair and Johannes F Wieland, “Lumpy durable consumption demand and
the limited ammunition of monetary policy,” 2019.

Meier, Stephan and Charles Sprenger, “Present-biased preferences and credit card
borrowing,” American Economic Journal: Applied Economics, 2010, 2 (1), 193-210.

Mian, Atif and Amir Sufi, “House Prices, Home Equity-Based Borrowing, and the US
Household Leverage Crisis,” American Economic Review, 2011, 101 (5), 2132-56.

Misra, Kanishka and Paolo Surico, “Consumption, income changes, and heterogeneity:
Evidence from two fiscal stimulus programs,” American Economic Journal: Macroeco-
nomics, 2014, 6 (4), 84-106.

o6



O’Donoghue, Ted and Matthew Rabin, “Doing it now or later,” American Economic
Review, 1999, 89 (1), 103-124.

_ and _ , “Choice and procrastination,” The Quarterly Journal of Economics, 2001, 116
(1), 121-160.

Olivi, Alan, “Sufficient Statistics for Heterogeneous Agent Models,” Work in Progress, MIT
2017.

Parker, Jonathan A, Nicholas S Souleles, David S Johnson, and Robert Mc-
Clelland, “Consumer spending and the economic stimulus payments of 2008,” American
Economic Review, 2013, 103 (6), 2530-53.

Phelps, Edmund S and Robert A Pollak, “On Second-Best National Saving and Game-
Equilibrium Growth,” The Review of Economic Studies, 1968, 35 (2), 185-199.

Rotemberg, Julio and Michael Woodford, “An Optimization-Based Econometric
Framework for the Evaluation of Monetary Policy,” in “NBER Macroeconomics Annual
1997, Volume 127 NBER Chapters, National Bureau of Economic Research, Inc, 1997,
pp- 297-361.

Slacalek, Jiri, Oreste Tristani, and Giovanni L Violante, “Household Balance Sheet
Channels of Monetary Policy: A Back of the Envelope Calculation for the Euro Area,”
2020.

Strotz, Robert Henry, “Myopia and inconsistency in dynamic utility maximization,” The
Review of Economic Studies, 1956, 23 (3), 165-180.

Werning, Ivan, “Incomplete markets and aggregate demand,” 2015.

Wolf, Christian, “The Missing Intercept: A Demand Equivalence Approach,” Technical
Report 2019.

Wong, Arlene, “Refinancing and the Transmission of Monetary Policy to Consumption,”

Working Paper, Princeton University 2019.

Zinman, Jonathan, “Where is the missing credit card debt? Clues and implications,”
Review of income and wealth, 2009, 55 (2), 249-265.

_, “Household debt: Facts, puzzles, theories, and policies,” economics, 2015, 7 (1), 251-276.

o7



