






































































E.3 Model Solution Details: Steady State Distributions

Figure 13: LTV Distribution.
Notes: This figure shows the steady state distribution of households over the LTV ratio.

(a) Exponential Benchmark

(b) Present-Bias Benchmark

Figure 14: Steady State Distribution.
Notes: This figure presents the full steady state distribution over income, liquid wealth, and mortgage debt.
Dark blue regions are rarely encountered, while light yellow regions feature large masses of households.
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F Supplements to Section 5

F.1 Fiscal Policy: Financing of Fiscal Stimulus with Future Taxes

As stated in Section 5.1, the government finances the initial $1,000 stimulus payment with a

flow income tax on all households in perpetuity that is chosen so as to satisfy the government

budget constraint. This appendix spells out the details of the fiscal rule the government

uses to achieve this in our environment with a stochastic interest rate on government debt,

building on work by Bohn (1998) and Blanchard (2023).

Before spelling out this fiscal rule, we spell out the government budget constraint. To this

end, Bt denotes real government debt in per-capita terms which the government can issue

at interest rate rt, the same stochastic interest rate as that on households’ liquid savings.

In our continuous-time model, we allow for fiscal stimulus payments not just in the form of

continuous flow payments but also as lumpy wealth transfers. To this end, denote by Tt the

government’s cumulative fiscal stimulus from time 0 to time t and denote by dTt the fiscal

stimulus at time t (so that Tt =
´ t
0
dTs). Finally, denote by τt the tax revenues from a flow

income tax that the government uses to pay for such stimulus (more on this below).

With this notation in hand, the flow government budget constraint is:

dBt = (rtBt − τt)dt+ dTt. (28)

This differential equation needs to hold for all t and for any realization of interest rates,

including the possible negative interest-rate realizations (recall from Section 4.1 that interest

rates in our calibration follow a Markov process with values rt ∈ {−1%, 0%, 1%, 2%}). The
fact that interest rates can go negative introduces a difficulty with writing the government

budget constraint in present-value form or, equivalently, with writing the appropriate no-

Ponzi condition. To resolve this difficulty we adopt the approach developed by Reis (2021)

to analyze present-value budget constraints when r < g (here with g = 0). Because this

difficulty is not central to our choice of fiscal rule satisfying the government budget constraint,

we postpone its discussion until the end of this appendix section.

Starting from the steady state at time t = 0, the government unexpectedly pays each

household a lumpy “helicopter drop” fiscal stimulus payment of $1, 000, i.e. T0+ = $1, 000.

Thereafter, there are no more fiscal stimulus payments, i.e. dTt = 0 for all t > 0 and so also

Tt = $1, 000 for all t > 0. We assume that, in the initial steady state, government debt is

zero, B0− = B̄. Given the time path for fiscal policy, government debt initially jumps up to

B0+ = B̄ + T0+ = $1, 000.

Going forward, we then assume that, at each time t > 0, the government levies a stochas-
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tic tax of τt given by

τt = rtBt + κ, with κ > 0 but κ ↓ 0 (until the debt is fully repaid). (29)

This simple fiscal rule ensures that the government budget constraint is satisfied and that

government debt eventually reverts to its initial steady state level. The intuition is as follows.

Suppose first that κ = 0 so that tax revenues are τt = rtBt. Examining (28) and

recalling that dTt = 0 for all t > 0, we then have dBt = 0 for all t > 0 and all interest-rate

realizations so that the real value of the government’s debt stays constant in perpetuity and

hence Bt = B0+ = $1, 000 all t > 0. If all interest-rate realizations were strictly positive,

then this would be enough to satisfy a standard no-Ponzi condition and hence to satisfy the

present-value government budget constraint. However, as just discussed, they are not; in

particular rt can take the values −1% and 0%.

The alternative fiscal rule with κ ≈ 0 as in (29) ensures that the present-value government

budget constraint is satisfied even with the possibility of zero or negative interest rates.

Intuitively, substituting (29) into (28) and recalling dTt = 0 for all t > 0, we have

dBt = −κdt < 0 for all t > 0 and all interest-rate realizations until the debt is repaid.

That is, at each point in time, the government raises “just a little bit more” tax revenue than

the interest payments resulting from the initial stimulus and thus repays a little bit of the

initial debt at each point in time, i.e. dBt < 0 for all t > 0 and all interest-rate realizations

until the debt is fully repaid (when rt < 0 we have τt < 0, i.e. the government makes a

transfer to households but one that is a little bit less than the revenues from the negative

interest rate on its debt). Therefore BT → 0 as T → ∞, i.e. government debt eventually

reverts to its initial steady state level B̄ = 0 regardless of the time path of interest-rate

realizations.

The fiscal rule (29) is similar to that proposed by Blanchard (2023), who suggests “making

the primary balance a function of debt service [...] with one-to-one pass-through” and points

out that the rule is a natural extension of the “Bohn rule” (Bohn, 1998) in which the primary

balance is an increasing function of the level of debt (rather than debt service).

Given that our model features heterogeneous households, there are some degrees of free-

dom in specifying how exactly to raise the tax revenues τt satisfying (29). In practice, we do

this by levying a proportional tax τ̄t× yit on households’ inelastically supplied labor income

yit so that higher-income households pay higher taxes in dollar terms. Tax revenues are then

given by

τt = τ̄t × ȳ,

where ȳ =
´
yitdi is average household income (which is constant because we assume a
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stationary income process).

Finally, it is worth emphasizing just how small the per-period taxes can be while still

satisfying the government budget constraint. Since households’ average income of $95,718
has been normalized to 1, τ̄t is given by:

τ̄t ≈ rt ×
Bt

ȳ
≈ rt ×

$1, 000

$95, 718
,

where the approximations use that κ ≈ 0 and Bt ≈ $1, 000 because the government pays its

debt down only slowly. That is, even in time periods with the highest interest-rate realization

rt = 2%, the tax rate equals only about τ̄t ≈ 2% × $1,000
$95,718

≈ 0.02% of labor income. This

explains why the initial short-run consumption response with our fiscal rule (29) is very

similar in size to the consumption response to the same fiscal stimulus but without imposing

a government budget constraint at all.

Present-Value Budget Constraint with Negative Interest Rates (Reis, 2021). As

already noted, a difficulty is that our model allows for the possibility of negative interest rates

on government debt. We here show how to write an appropriate present-value government

budget constraint corresponding to (28), and then show that the simple tax rule (29) satisfies

this present-value constraint.

To write the present-value budget constraint, we follow Reis (2021) and use a strictly

positive discount rate δ > 0 in place of interest-rate realizations {rt}t≥0 to compute present

values. Imposing the no-Ponzi condition

lim
T→∞

e−δTBT = 0, (30)
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the present-value budget constraint becomes76

ˆ ∞

0

e−δtdTt +B0 =

ˆ ∞

0

e−δtτtdt+

ˆ ∞

0

e−δt(δ − rt)Btdt. (31)

As discussed by Reis (2021), in principle, any discount rate δ > 0 can be used, but a

sensible choice is the private return from investing in productive capital (as opposed to

government bonds) which, in the data, has historically exceeded the economy’s growth rate.

In this case (31) has the interpretation of the present-value government budget constraint

but discounted at the return of private investors δ. The equation then states that the

government’s present value of spending dTt (discounted at δ) plus its initial debt B0 must

not exceed the present value of future taxes τt (discounted at δ) plus a non-standard term

that Reis names the “bubble premium revenue term” which is the present value of the

implicit government revenues that arise from paying an interest rate rt on its debt that is

below the private return δ (the convenience yield of government debt).

The only thing that remains is to show that the fiscal rule (29) satisfies the no-Ponzi

condition (30) and the present-value budget constraint (31). This follows immediately from

the fact that this rule implies that government debt converges to zero in the long run, BT → 0

as T → ∞. In particular, the no-Ponzi condition is immediately satisfied. Similarly, in (31),

the bubble-premium revenue term is bounded for any sequence of interest-rate realizations

{rt}t≥0 because (δ − rt)Bt → 0 as t→ ∞ for any {rt}t≥0.

Full General Equilibrium Analysis. Finally, we again note that our model is not a

general equilibrium model and therefore leaves out a number of considerations that may

be important in practice, in particular “Keynesian” multiplier effects of fiscal stimulus that

work by stimulating aggregate demand. Future research should explore the effects of fiscal

stimulus in full-blown general equilibrium models with present-biased households.

76The advantage of using δ > 0 rather than {rt}t≥0 when writing the no-Ponzi condition and government
budget constraint is that it sidesteps the issue that these conditions are ill-defined when rt can go negative.
For example, the standard approach of integrating the flow budget constraint while discounting at {rt}t≥0

involves the term limT→∞ e−
´ t
0
rsdsBT , which may converge to infinity for negative interest-rate realizations

(in particular, one possible history is rt = −1% for all t).
To derive (31), write the flow budget constraint (28) as

dBt − δBtdt = ((rt − δ)Bt − τt)dt+ dTt.

Multiplying by e−δt and integrating between 0 and T we have

BT e
−δT −B0 =

ˆ T

0

e−δtdTt −
ˆ T

0

e−δtτtdt+

ˆ T

0

e−δt(rt − δ)Btdt.

Taking T → ∞ and using the no-Ponzi condition (30) yields the present-value budget constraint (31).
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F.2 Fiscal Policy: Implementation Details

(a) Liquid Fiscal Transfer (b) Illiquid Fiscal Transfer

Figure 15: 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.
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F.3 Monetary Policy: Refinancing Dynamics

Figure 16 plots the adjustment regions following an interest rate cut from 1% to 0%. This

figure replicates the phase diagrams in Figure 1, but now for the case of rt = 0% and

rmt = 1%+ωm. Thus, Figure 16 plots the adjustment regions for households with a mortgage

rate that is above the rate they can refinance into.

As in the main text, the red regions mark where households take a cash-out refinance and

the blue regions mark where households prepay their mortgage. The gray regions indicate

where households conduct a rate refinance, defined as the household increasing its mortgage

balance by less than 5% during the refinance. Relative to the steady state adjustment

regions, the interest rate cut causes the red/gray refinancing regions to expand drastically.

In particular, households with larger LTVs are more likely to refinance, since households

with larger mortgages have more to gain by reducing their mortgage interest payments.

Table 6 presents details of the refinancing decision. The first row lists the share of

households who find themselves in a refinancing region at the time of the interest rate

cut. Conditional on refinancing, the second row lists the share of households who extract

equity when refinancing. The next four rows list the share of households who have actually

refinanced within 1 quarter, 1 year, 2 years, and 3 years following the interest rate cut. While

refinancing is instant in the Exponential Benchmark, procrastination means that refinancing

occurs slowly in the Present-Bias Benchmark.

Exponential Present Bias
Share Refi Region (On Impact) 70.6% 72.3%

(Share Cash Out) 81.2% 77.7%
1
4
Year Realized Refi 72.5% 13.2%

1 Year Realized Refi 76.9% 40.9%
2 Year Realized Refi 81.3% 61.2%
3 Year Realized Refi 84.5% 72.0%
Average Refi Amount 0.37 0.35

Table 6: Refinancing Details.
Notes: This table summarizes details of household refinancing following an interest rate cut from 1% to 0%.
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(a) Exponential Benchmark

(b) Present-Bias Benchmark

Figure 16: Rate-Cut Phase Diagrams.
Notes: This figure presents the phase diagrams for households who can refinance into a lower mortgage rate
following an interest rate cut from 1% to 0% (see Figure 1 for phase diagram details).
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F.4 Monetary Policy and Refinancing Procrastination

Figure 17: Monetary Policy Under FRMs Versus ARMs.
Notes: For the Present-Bias Benchmark calibration, this figure compares the consumption response to
monetary policy under FRMs (solid line) versus ARMs (dotted line). The interest rate is cut by 2% in
the ARM experiment, compared to 1% in the FRM experiment, since monetary policy produces larger
movements in ARM rates than long-duration FRM rates.

Figure 18: Monetary Policy with Procrastination Reduction.
Notes: This figure presents the consumption response to monetary policy in the Present-Bias Benchmark
across varying levels of refinancing procrastination. The +’s assume that policymakers are able to halve the
expected duration of procrastination at the time of the rate cut. The ∗’s make refinancing immediate at the
time of the rate cut. The baseline consumption response under FRMs (solid red line) and ARMs (dotted
red line) are presented for comparison.
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G Discussion: Implications of Present Bias for Macroe-

conomic Policy in Fully-Fledged Macro Models

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, investigation

of the household problem. We also omit a number of model elements that could be important

in principle, such as modeling residential investment. Finally, our calibration focuses on a

specific subset of the population, namely homeowners. This raises the question of how present

bias would affect the transmission of monetary and fiscal policy in a full general equilibrium

analysis that relaxes these assumptions and models the entire population including non-

homeowners.

G.1 Omissions from the Analysis and Restriction to Homeowners

We start by discussing certain omissions from the analysis other than general equilibrium

effects. In many cases, while filling these gaps would clearly affect our monetary and fiscal

policy results, it is less clear as to how doing so would affect our main results about present

bias amplifying the impact of these policies (i.e., the comparison of the Exponential and

Present-Bias Benchmarks). In others, the omission may materially affect our main results.

Residential Investment. As discussed in Section 2.1, we assume that each household is

endowed with a home of fixed value h. That is, the housing size is completely fixed and

cannot be adjusted (in contrast, housing equity can be adjusted via mortgage balances).

The omission of residential investment means that our model provides an incomplete

picture of the effects of monetary policy, particularly as it relates to the spending response

to cash-outs. While households often report using extracted home equity for residential

investment (e.g., Greenspan and Kennedy, 2008), this channel is broadly missing from our

model with fixed housing h. This channel could interact with present bias, thus affecting

our main results.77

Yet another possibility that we assume away with our fixed-h assumption is that present-

biased agents would buy different-sized houses in the first place. On the one hand, present-

biased households may struggle to accumulate the liquid wealth required to make a down

77That said, the reduced-form MPX tool from Laibson et al. (2022) that we used in Section 4 does
capture household spending on home improvements (which differs from residential investment as we explain
momentarily). Specifically, we calibrate our mapping from MPCs to MPXs such that the MPX includes
consumer spending on “furnishings and durable household equipment” like furniture, household appliances,
and gardening equipment. In other words, while our MPX measure excludes residential investment, it does
include other types of home improvements (like a new washing machine) that are included as Personal
Consumption Expenditures by the BEA.
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payment and hence will hold less housing. On the other hand, (partial) sophistication

of the type modeled in Appendix D.5 in combination with binding financial constraints

may lead present-biased households to buy an illiquid asset like housing as a commitment

device (Laibson, 1997; Maxted, 2023), and may hence result in them buying larger houses.

If present-biased and exponential households make different housing choices, they may of

course also respond differently to monetary policy.

Supply Side of the Credit Card Market. While we calibrate the credit card wedge ωcc

to 10.3% in order to match the data on the commercial bank interest rate charged on credit

cards, we do not actually model the supply side of the credit card market. An important

question for future research is why such high interest rates arise in equilibrium. Default risk

is certainly part of the story, though Dempsey and Ionescu (2023) suggest that interest rate

spreads far exceed the risk of default. While default levels alone may not explain credit card

interest rates, it also seems likely that issuers’ profits covary positively with the business

cycle, since loan loss provisions will generally peak during downturns. This suggests that

credit cards are a “high-beta” product for credit card issuers, which would provide a risk-

premium explanation for why credit card debt commands an elevated interest rate.

In light of this discussion, another simplification of our model is that it abstracts from

credit card default. It is likely that a model with present-biased households will feature a

different level of defaults, and perhaps also a different covariance of defaults with the business

cycle, than a model with exponential households. Given that this will affect the equilibrium

interest rates and borrowing limits that households face, it is again likely that modeling such

considerations explicitly will affect our main results.

Supply Side of the Mortgage Market. We also abstract from the supply side of the

mortgage market, though many of the questions above still apply. Indeed, we have already

shown that present bias affects households’ mortgage choices, so it is likely that present bias

also influences both the product menus and equilibrium mortgage rates that households face.

Restriction to Homeowners. The subpopulation of homeowners that we calibrated our

model to – and hence the individuals that populate our model – differs from the full U.S.

population in a number of ways. Perhaps most importantly, our model population overrepre-

sents debtors. More precisely, while our model does feature some households with substantial

liquid savings (e.g., $100,000), the number of such households is relatively small (see Ap-

pendix Figure 14 and recall that we normalized average income of $95,718 to 1). Instead,

most households in our model have substantial mortgage debt, credit card debt, or both.

As a result of these modeling and calibration choices, our results paint only a partial

picture of the transmission of monetary and fiscal policy, and of how present bias affects this
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transmission. That is, we leave out a number of offsetting or amplifying effects of such policy

changes. For example, given that our model is mostly populated by borrowers, our discussion

of monetary policy in Section 5.2 shows primarily the effects on this subgroup of the popu-

lation. This likely matters because the consumption of borrowers may respond more to such

interest rate cuts than that of lenders due to standard income effects (similarly, borrowers

may benefit more in welfare terms). A more fully-fledged macro analysis would also model

the other side of the mortgage and credit card markets, in particular the households who

lend as well as the financial institutions that facilitate this lending. While fully modeling the

entire population would therefore clearly affect the economy’s overall consumption response

to monetary policy, it is again less clear as to how doing so would affect our main results

about the impact of present bias on policy transmission.

G.2 General Equilibrium Effects

We next turn to the question of 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 (i.e., as before we focus on the comparison between the Exponential and Present-

Bias Benchmarks, but now take into account general equilibrium considerations).78

In HANK models, macroeconomic stabilization policy can trigger a number of different

indirect general equilibrium effects, particularly effects working through household labor

income, asset prices, and returns (see e.g. Werning, 2015; Kaplan et al., 2018; Auclert, 2019;

Alves et al., 2020; Slacalek et al., 2020). The size of these indirect effects depends 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

78One 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).79 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 ef-

fects working through labor income and present bias would amplify these via higher MPCs.

Monetary policy can also trigger indirect effects working through asset prices and returns

(Gornemann et al., 2016; Kaplan et al., 2018; Alves et al., 2020; Slacalek et al., 2020).80

However, since present bias does not significantly affect MPCs out of liquid wealth for high-

liquidity households (see Figure 3), nor MPCs out of illiquid wealth (see Figure 15), it is

natural to conjecture that present bias does little to impact the indirect effects working

through asset prices and returns. 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 general equilibrium model is an important task for future work.

79For modern macro versions of this mechanism, see for example Auclert et al. (2018) and Wolf (2023).
80Since 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; Gürkaynak et al., 2005).
There is also evidence that loose monetary policy increases house prices (e.g., Jordà et al., 2015), but this
mechanism seems to operate at a lower frequency than we study.
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