OPTIMAL DELAYED TAXATION
IN THE PRESENCE OF FINANCIAL FRICTIONS

Spencer Bastani and Marius A. K. Ring*

February 10, 2026 (First version: February 23, 2021)

Abstract

In the presence of financial frictions, the timing of cash flows matters. We apply this
insight to optimal income taxation by proposing a new policy: delayed taxation. Introducing
a delay between the accrual and payment of income taxes yields two sources of welfare gains.
First, it improves consumption smoothing by enabling constrained agents to borrow at a
lower rate. Second, it lowers the present-value tax rate from the perspective of constrained
agents, thereby reducing the distortionary effects of labor income taxation. We study delayed
taxation in a dynamic optimal tax model, contrasting the welfare gains with the fiscal costs
caused by income effects and defaults. We then characterize optimal delayed taxation in a
simple calibrated model. This quantitative analysis reveals significant welfare gains, even
when agents can default on their tax liabilities. These gains are robust to alternative bench
mark tax systems such as age-dependent and progressive taxation. The key source of these
gains is delayed taxation’s ability to undo distortions caused by income taxation. Alternative
credit market interventions aimed at reducing borrowing costs cannot achieve this. The final
part of our paper provides quasi-experimental bunching evidence from a de facto delayed tax
scheme in Norway that supports the key mechanism, namely that delaying taxation reduces

income-tax distortions.
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1 Introduction

Capital market imperfections render borrowing against future labor incomes expensive or even
impossible. Both policymakers and economists recognize the welfare losses from these frictions.
Governments therefore engage in a broad range of credit market interventions, particularly in
markets where there may be positive externalities. Home purchasing, higher education, and
entrepreneurship are activities that are believed to carry positive externalities and often benefit
from government-subsidized financing. We argue that the motivations for government intervention

in these markets carry over to the tax system.

Through the tax system, governments raise revenues by imposing costs on labor supply. A
30% marginal tax rate implies that an additional dollar of labor income costs 30 cents. Yet,
neither policymakers nor the public finance literature devotes attention to whether income tax
payments, a key cost of supplying labor, should be financed over a longer horizon. The idea that
in-house financing may increase both revenues and welfare is central to other markets. Automakers
routinely and profitably offer low-interest financing to reduce price elasticities (Einav, Jenkins,
and Levin, 2012). This is optimal even without incorporating the additional welfare gains from
increased consumption smoothing for credit-constrained customers. Governments that care about
both revenues and taxpayers have even stronger incentives to offer in-house financing. For the tax
system, this financing scheme would materialize as delayed taxation: taxes accrue on an ongoing

basis, but payments may be delayed, subject to a subsidized interest rate.

The notion that credit market imperfections have implications for optimal tax design is not
new. Weinzierl (2011) documents considerably larger welfare gains from age-dependent taxation
when workers cannot save or borrow. Young workers who face upward wage trajectories want
to smooth consumption over time. One way to achieve this is through lower taxes for young
workers. However, the broader age-dependent tax literature (Kremer 2002, Lozachmeur 2006,
Weinzierl 2011, Bastani et al. 2013, Heathcote et al. 2020) generally abstracts from financial
frictions. Instead, this literature focuses reducing tax distortions by tailoring tax rates to age-
dependent labor supply elasticities. Financial frictions also play a limited role in other branches
of the public finance literature. While models of optimal taxation under incomplete markets
feature borrowing constraints (Eaton and Rosen 1980, Varian 1980, Aiyagari 1995, Conesa and
Krueger 2006, Heathcote, Storesletten, and Violante 2017), the key friction in this literature is the
inability to insure against idiosyncratic shocks. Financial frictions simply exacerbate the welfare
losses from incomplete insurance markets by limiting workers’ ability to self-insure. Hence, this
literature focuses on the natural policy to address income shocks, namely progressive taxation,

rather than the optimal timing of tax payments.

This paper focuses on the optimal scheduling of tax payments in the presence of two key
frictions. First, due to limited commitment, lenders must take costly action to disincentivize
workers from defaulting. As a result, workers who wish to borrow against future labor earnings
face high interest rates. Second, taxes may only be levied on labor earnings and thus distort labor
supply. In this setting, we demonstrate that allowing workers to delay their income tax payments

both reduces welfare losses from financial frictions and exploits these financial frictions to mitigate



the distortionary effects of income taxation. Importantly, delayed taxation enables the government
to shift the tax burden away from younger workers without imposing age-discriminatory tax

rates.

Rather than explicit targeting, delayed taxation relies on self-selection. For borrowing-
constrained workers who discount future cash flows at high interest rates, delayed taxation lowers
the present-value tax rate and thus reduces tax distortions. Unconstrained workers, who would
not delay their payments, remain unaffected.! This policy thus generates two sources of welfare
gains for borrowing-constrained agents: enhanced intertemporal consumption smoothing and re-
duced income tax distortions. The first may be offset by defaults or high lending costs facing the
government. The second, however, persists and distinguishes delayed taxation from other forms

of government intervention in private credit markets.

To illustrate the effects of delayed taxation, consider a simple model with two groups of
workers subject to a labor income tax. One group has a flat or declining wage trajectory and
wants to save. The other has an upward wage trajectory and wants to borrow against future
earnings, but faces a higher interest rate on borrowing than on saving (and is therefore referred to
as financially constrained). Suppose the government allows workers to delay their tax payments
subject to the same interest rate as on savings. Net savers are indifferent about delaying, while
constrained workers strictly prefer it. For a worker, i, who faces a marginal interest rate of !
and pays interest rate rgq; on taxes delayed for T periods, the statutory marginal tax rate 7

translates into a present value tax rate of:

i Tdtax r
PV(7) = (1(;_4_?@)2’

(1)
For net borrowers with 7 > rg., the present-value tax rate falls below the statutory rate, reduc-
ing labor supply distortions. Importantly, this reduction would not materialize if the government
simply offered unconditional subsidized loans. By shifting the timing of tax payments, delayed
taxation ties present-value tax rates to each individual’s marginal borrowing rate. This effectively
allows the government to impose different tax rates on constrained and unconstrained workers
without conditioning the tax schedule on observable taxpayer characteristics (i.e., “tagging”).
This is an attractive feature of delayed taxation relative to explicitly discriminatory instruments

such as age-dependent taxation.

Our study provides an in-depth examination of delayed taxation through a blend of theoret-
ical analysis, numerical simulations, and empirical evidence. In the first part of our paper, we
introduce delayed taxation into a dynamic optimal tax model with linear taxation. We consider
heterogeneous workers who differ in their labor market productivity, which allows us to study the
welfare gains from delayed taxation in the presence of distributional considerations. We show how
the optimal delayed tax policy (i.e., the fraction of taxes that can be delayed) depends on standard

behavioral elasticities of labor supply with respect to marginal tax rates and on the magnitude

'Note that there is nothing conceptual that differentiates delayed taxation from offering subsidized loans where
maximal loan amounts depend on income levels. We find the tax framing more natural because such an income-
contingent lending scheme would generate externalities (higher labor supply) which the government internalizes
through the taz system.



of financial frictions. In other words, assessing the potential welfare gains from delayed taxation

does not require any new types of behavioral elasticities.

In our model, the financial friction manifests as a wedge between the interest rate on bor-
rowing and the interest rate on saving, which (as the wedge grows large) nests the standard
“no-borrowing” constraint (see, e.g., Heathcote 2005). This wedge is due to workers being able to
default on their liabilities. We focus on a no-default equilibrium in which lenders pay an upfront
cost that allows them to seize workers’ assets and thus disincentivize default. Importantly, while
workers may delay their taxes at a low interest rate equal to that on savings, there is no free lunch.
By allowing delayed tax payments, the government incurs the same upfront costs on the implied
loan amount that private lenders would when issuing a loan. Hence, the government discounts
delayed tax repayments at the same interest rate that individuals face in private credit markets.
We show that deviations from this conservative assumption greatly increases the welfare gains of

delayed taxation.?

To understand the welfare effects of delayed taxation, it is easiest to consider the case where
an existing tax system is marginally complemented by delayed taxation. In this case, we provide a
simple decomposition into five effects: (i) welfare gains from increased intertemporal consumption
smoothing, (ii) a positive fiscal externality due to a positive substitution effect on the labor supply
of young workers, which is (iii) partially offset by a negative intertemporal substitution effect
on the tax revenue of older workers, (iv) a negative income effect on the present value of tax
revenue due to relaxed financial constraints,® and (v) a negative present-value fiscal effect due to
costs of default. If the government simply offered unconditional low-interest loans to financially
constrained agents, the positive effects on labor supply—that reduce the distortionary effects of

income taxation—would be absent.

In the second part of our paper, we provide numerical solutions by calibrating the optimal tax
model to the Norwegian economy. The Norwegian register data, which cover the entire population,
allow us to compute realized earnings trajectories for a large sample of workers. We consider all
workers between the ages of 20 and 30 in 1990, for whom we can compute a measure of effective
wages in both 1990 and 2011. This allows for considerable variation in initial earnings and wage
trajectories, and thus in the extent to which workers may wish to borrow against future earnings.
We then consider the optimal tax schedule that the government would impose on these workers
to maximize welfare in the presence of financial frictions.

Our baseline analyses consider the potential welfare gains from implementing delayed taxation
on top of a benchmark economy in which taxes are linear and age-independent, and individuals

may save at an interest of 3% but face a 20% interest rate on borrowing. In the benchmark tax

2There are two reasons why this assumption is conservative. First, workers may face high interest rates in partly
due to lenders charging high markups. Markups that are not compensation for default risk would not carry over
as expected default costs to the government when offering credit-related products (e.g., delayed taxes). Second, to
the extent that interest spreads are compensation for default risk, this default risk may be lower for the government
than private lenders. For example, the government may have superior collection technology through, e.g., their
tax administration, which may allow the government to be able to break even on loans with lower interest rates
than private lenders.

3With labor supply fixed, delaying a dollar of taxes increases the present-value wealth of constrained workers because
of the high marginal interest rate they face.



system, the government imposes a high marginal tax rate in part to redistribute across workers
and in part to provide lump-sum transfers that help smooth consumption over time. As a bridge
between our theoretical and quantitative analyses, we use the quantitative framework to numer-
ically value the theoretical welfare effect expressions. We demonstrate robust positive marginal
welfare gains from delayed taxation. While the main source of welfare is enhanced intertemporal
consumption smoothing, we show that welfare gains from reduced income-tax distortions is piv-
otal in making delayed taxation a desirable policy tool. The money-metric gains from reducing
income tax distortions equal nearly two thirds of the direct welfare effect through intertempo-
ral smoothing. Importantly, this reduced-distortion channel is not present for policies that only

alleviate financial frictions through, e.g., unconditional subsidized lending.

We use our theoretical framework to compute the Marginal Value of Public Funds (Hendren
and Sprung-Keyser 2022, Finkelstein and Hendren 2020). Under our main assumptions, the
MVPF is 1.53, which says that that the money-metric welfare effects of marginally delaying
taxation are 53% higher than its present-value cost. When the interest rate on borrowing is lower
(e.g., 7%) and the government has a cost advantage in lending to individuals, the MVPF is infinite,
indicating that delayed taxation can be implemented as a Pareto-improving reform. We also show
that the optimality of delayed taxation, ensured by an MVPF> 1, is not sensitive to either the
extent of borrowing frictions faced by individuals (measured as the interest spread on borrowing)
or the potential costs of default. Even when the government faces a lending disadvantage and
thus uses a higher interest rate than private markets to discount future debt repayments, the
MVPF significantly exceeds 1.

Our main quantitative exercise studies the optimal implementation of delayed taxation re-
form. When the interest rate on borrowing is 20%, the government optimally chooses to delay
31% of tax payments and thereby achieves (money-metric) welfare gains of 2.2% of period-1 con-
sumption. Welfare gains are material even when financial frictions are less severe. At a borrowing

rate of 10%, welfare gains equal about 1.2% of period-1 consumption.

Policies such as age-dependent taxation, non-linear taxation, and subsidized lending may also
address some of the welfare losses from financial frictions. A key question is therefore whether
delayed taxation is appealing when the government already makes use of these other policy tools.
We find this to consistently be the case. The 2.2% welfare gains are only reduced by 0.4 percentage
points when the government can offer unconditional low-interest loans, and by 0.25 percentage
points when the government can set age-dependent tax rates. Interestingly, when the government
implements non-linear taxation as in Heathcote et al. (2020), the welfare gains nearly double. In
further robustness tests, verify that delayed taxation yields material welfare gains when our model
is calibrated to the U.S. PSID data used by Weinzierl (2011). Our qualitative results are also
robust to varying both the severity of financial frictions faced by workers and imposing realistic
constraints on government borrowing.

In the final part of the paper, we empirically test the novel and distinguishing feature of

delayed taxation as an optimal tax tool, namely that delayed taxation reduces income tax distor-

tions when workers are financially constrained. Conducting such a test is challenging because it



requires quasi-experimental variation in effective tax rates alongside variation in when taxes are
paid. Few settings offer substantial variation in the timing of tax payments due to income tax
withholding. We overcome this challenge by studying the behavioral responses to a student debt

conversion scheme in Norway, which constitutes a de facto delayed tax.

Norwegian students receive annual subsidized loans from the government to cover consump-
tion expenditures. These loans are typically forgiven at the end of each year if the student remains
in good standing. However, if students have concurrent labor earnings in excess of about $17,000,
each additional $1 of income increases their debt balance by 50 cents. This replicates a delayed
tax scheme. Incomes above $17,000 are subject to a 50% marginal tax rate, where the payment
can be delayed for up to 20 years subject to the subsidized interest rate on student loans. This
quasi-experimental setting is well suited to examine how financial frictions can make delayed tax-
ation less distortionary. First, students are almost by definition highly constrained. Only a few
years later, they face significantly higher incomes against which it is difficult to borrow. The large
increase in the effective tax rate at the earnings threshold is also more than significant enough
for any student to be aware of, with a nominal drop in the after-tax (and after-debt) wage from
75 to 25 cents. This kinked tax incentive allows us to use a bunching framework to understand

the behavioral responses to delayed taxes.

We find clear visual evidence that students bunch around the debt-conversion threshold.
However, these responses are modest relative to the large after-tax wage reduction that occurs.
Under the assumption that students value student-debt increases one-for-one with take-home
wage reductions, our bunching analysis yields an implied elasticity of labor earnings to after-tax
wages of only 0.016. We consider three reasons why the elasticity is so low. First, earnings may
be inelastic due to labor supply optimization frictions that create a mismatch between bunching
and structural elasticities. Accounting for these frictions, as measured by Kostgl and Myhre
(2021) using Norwegian data, increases our implied elasticity estimate to 0.053. This elasticity
is still considerably smaller than the frictionless elasticity estimate of 0.30 by Kostgl and Myhre
(2021).

Beyond optimization frictions, income effects may play a role in creating a wedge between
bunching estimators and structural elasticities. The notion that bunching estimators identify the
Frisch elasticity in dynamic models is a well established conjecture by Saez (2010) and Chetty
(2012) that has not been shown formally. We formalize the relationship between bunching estima-
tors and the structural Frisch elasticity. Specifically, we show how it depends on the elasticity of
intertemporal substitution for consumption, the Frisch elasticity itself, and the marginal interest
rate that workers face. Our constructive proof is applicable broadly to settings with and without
delayed taxation. In our delayed tax setting, accounting for income effects downward-biasing the

bunching estimator relative to the Frisch elasticity only increases it by 8.3%.

We contend that the reason our estimated elasticity is particularly low is that we are studying
delayed taxation in a population subject to binding borrowing constraints. For these students,
the present value of the tax rate is much lower than the nominal value implied by the increase in

debt. An objection to our claim is that optimization frictions are particularly prevalent among the



students in our sample. Thus, the inelastic behavior we observe could be driven by optimization
frictions as opposed to financial frictions. We address this concern in several ways. Our main
approach is to also examine the bunching behavior of students at a regular tax threshold. This
allows us to compare the bunching elasticity of the de facto delayed tax with that of a regular
tax regime in a similar sample of individuals. The regular tax threshold occurs around $6,000,
where the marginal tax rate jumps from 0 to 25 percent. Using the same bunching framework,
we estimate an implied labor supply elasticity of 0.130. This is about eight times larger than the
elasticity implied by the delayed tax threshold. Assuming similar optimization frictions in the two
samples, this large difference in elasticity (0.016 versus 0.130) can be explained by students facing
a average marginal borrowing rates of more than 20 percent and are thus much less responsive to
the de facto delayed tax scheme created by the student loan program. We argue that it is unlikely
that this difference is driven by the fact that the kinks occur at different income levels. Using a
regression-based approach that controls for differences in observables such as occupation codes,

age, and family background, we find a qualitatively similar difference in elasticity.

Our framework implies that the sensitivity to delayed but not regular taxation is materially
affected by the severity of borrowing constraints. This empirical prediction is strongly supported
by the data. Those who do not respond to the delayed tax incentive (i.e., non-bunchers) have less
liquid assets and are more likely to engage in high-interest unsecured borrowing. We do not find
this pattern in the regular tax sample. To shed additional light on the observed non-bunching
behavior at the delayed tax threshold, we examine how students’ characteristics covary with their
position relative to the debt conversion threshold. These analyses suggest that non-bunchers (and
their parents) have significantly lower liquid assets, but not lower future earnings. This is exactly
what we would expect to see if irresponsiveness to the threshold is driven by borrowing-constrained
agents. We also find no evidence that the educational attainment of students’ parents changes
in a manner consistent with these characteristics driving differences in bunching behavior. This
addresses the concern that less human capital as opposed to less liquidity is driving the down the

bunching elasticities.

The main empirical finding that delaying the payment of a tax reduces distortions is not
surprising. In the presence of borrowing-constrained agents, this is what we would expect from
economic theory. Rather, the contribution of this empirical exercise is to test the applicability of
life-cycle model reasoning in modeling the labor supply decisions of constrained workers, which is

necessary to assess the potential of delayed taxation as a new policy tool.

Literature. Our paper is related to the optimal tax literature that allows tax rates to depend
on taxpayer characteristics, i.e., tagging (Akerlof, 1978). Delayed taxation causes financially con-
strained taxpayers to experience a reduction in effective (present-value) tax rates. As taxpayers
age and borrowing constraints are no longer binding, effective tax rates equal the higher nominal
rate. In this sense, delayed taxation has a strong element of age-dependent taxation (Kremer
2002, Lozachmeur 2006; Blomquist and Micheletto 2008; Weinzier]l 2011; Gervais 2012; Bastani,
Blomquist, and Micheletto 2013; da Costa and Santos 2018; Heathcote, Storesletten, and Vi-
olante 2020). The key differences are that (i) delayed taxation does not require the government

to condition tax rates on taxpayer characteristics (which is likely to be controversial), and (ii)



it does not rely on using age as a proxy for liquidity constraints. Instead, delayed taxation al-
lows constrained borrowers to self-select into the system, thereby introducing a voluntary type of
history dependence. More broadly, this paper contributes to the literature on dynamic optimal
taxation (see, for example, Ndiaye 2020, Yu 2021, and the surveys in Golosov and Tsyvinski 2015
and Stantcheva 2020). Most closely related are studies that consider changing the timing of tax
payments (e.g., Lockwood 2020) or incorporating financial frictions (e.g., Andreoni 1992, Davila
and Hébert 2019, Coven et al. 2024). The central contribution of this paper is to propose and
study the welfare implications of the simple idea that—in the presence of credit market imperfec-
tions—changing the timing of income tax payments can offer substantial welfare gains, in large
part by reducing the distortionary effects of income taxation. We strengthen this contribution
by providing quasi-experimental evidence that delayed taxation does indeed reduce income tax
distortions. To our knowledge, this idea has not been explored before, either theoretically or
empirically.

On the empirical front, this paper contributes to the growing literature studying bunching
at tax thresholds (see, e.g., Saez 2010; Bastani and Selin 2014; Seim 2017; Asatryan and Peichl
2017; Tazhitdinova 2018; Sggaard 2019; Tazhitdinova 2020; Glogowsky 2021; and the review by
Kleven 2016), loan term thresholds (see, e.g., Bachas, Kim, and Yannelis 2021; Béckman, van
Santen et al. 2020; DeFusco and Paciorek 2017; DeFusco, Johnson, and Mondragon 2020; de Silva
2023; Le Barbanchon 2020; and Best, Cloyne, Ilzetzki, and Kleven 2018). Our contribution is
to study bunching at a threshold where the payment of marginally accrued taxes is substantially
delayed. This adds an intertemporal dimension to bunching behavior that is not present in
studies that consider sensitivity to taxation. In taking intertemporal aspects seriously, we make
another important contribution. That is, we show formally how the typical bunching estimator
relates to the structural Frisch elasticity—and how this relationship depends on the elasticity of
intertemporal substitution, the Frisch elasticity itself, as well as the ratio of current labor earnings
to present-value life-time wealth. This paper also relates to the emerging literature on the effects
of debt on labor supply (see, e.g., Zator 2019; Bruze, Hilslpv, and Maibom 2024; Bernstein
2021; Doornik et al. 2021; Brown and Matsa 2020; Donaldson et al. 2019). We also contribute
to research that considers how different tax instruments may affect behavioral elasticities. For
example, Kostgl and Myhre (2021) consider how labor supply elasticities are affected by providing
more information about kinks and notches, and for the price elasticity of giving, Fack and Landais
(2016) consider the effect of changing documentation requirements, and Ring and Thoresen (2021)

consider the effect of wealth taxation.

The paper is organized as follows. Section 2 studies delayed taxation in a dynamic optimal tax
framework. Section 3 provides numerical solutions to the optimal delayed tax problem. Section
4 discusses whether there are existing tax regimes that are similar to delayed taxation. Section
5 applies a bunching framework to a de facto delayed tax system in Norway to test some of the

behavioral implications of our theoretical framework. Section 6 concludes.



2 The welfare gains of delayed taxation

2.1 The model

We consider an economy consisting of heterogeneous agents who live and work for two periods
and differ in their exogenous and deterministic lifetime labor productivity profiles (w?, w3), where
wi denotes the market productivity of agent 7 in period t = 1,2. In each period, an agent earns
an income of 3! = wif, where £: is the labor supply.

For tractability reasons, we focus on a dynamic extension of the linear (progressive) taxation
framework (Sheshinski, 1972). This setting allows us to study the welfare gains from delayed
taxation in the presence of distributional considerations. Later, we will also consider delayed
taxation in the context of a nonlinear tax schedule as in Heathcote et al. (2020). The structure

of the tax and transfer schedules are given by

Ti(y1) = —G1 + 611y,
To(y1,y2) = —Go 4+ 1oy2 + (1 +7)(1 — 0)11y1,

where 7, > 0 denotes the nominal (statutory) marginal tax rate in period ¢t and Gy > 0 denotes the
lump-sum transfer.? The parameter & € [0, 1] determines the timing of tax payments: a fraction
0 of period-2 taxes must be paid in period 1, while the remaining fraction 1 —§ carries an interest

rate of r and is paid in period 2.

Consumption ¢! is given by the per-period budget constraints,

= wit[1 —om] + Gy — s + 2, (2)
ch = whly[l — m) + Gy — (1 +7)[1 — 8wl + R(s*) — (1 4+ 7)z, (3)

where R(s) defines the saving technology. R(s) is the amount by which disposable income in the
second period increases if the individual saves the amount s. R(s) plays a key role in our analysis
as it captures the extent of financial frictions, materializing as a higher marginal interest rate,
R'(s) on borrowing (i.e., s < 0) relative to saving (s > 0).> We discuss R(s) and the financial
i

friction in more detail below. Finally, z* is the amount of subsidized (low-interest) loans that

individual ¢ receives in period 1. This loan is subject to an interest rate of r.

Individual preferences are represented by the utility function:

ui(e}) = o(6y) + Blua(ch) — v(f3)], (4)

where u is increasing, twice differentiable and strictly concave, and v is increasing, twice differen-

tiable, and strictly convex.

4We realistically rule out lump-sum taxes. On the infeasibility of lump-sum taxes, see Smith (1991) for a discussion
of Margaret Thatcher’s disastrous attempt to introduce a poll tax in the United Kingdom between 1989 and 1990.

5We exclude taxes on capital income. Including a proportional tax on capital income would not affect the qualitative
nature of our results.



Savings technology and the financial friction. We assume that net savings, s > 0, is subject
to a marginal interest rate of r. Borrowing (s < 0) is subject to a higher marginal interest rate:
R'(s) > 1+r. There are two possible micro-foundations for this credit penalty. One foundation is
that individuals may save freely in international bonds but can only borrow from private lenders.
These private lenders have market power and thus charge markups. The other foundation, which
we focus on, is one in which borrowers can choose to default but lenders may take costly upfront

action to deter defaults.

We build this microfoundation in Appendix G. Private lenders must pay an upfront fee
proportional to the loan amount to be able to seize borrowers’ income in the event of default.
Anticipating this, defaulting workers do not supply any labor. Since there is no income to seize,
lenders only lend when they can ensure no default. Since we make the restrictive assumption that
lenders may not seize the government transfer, G,% lenders must implement loan limits to ensure
no defaults. That is, the utility of not defaulting must exceed utility from taking out the maximal
loan size, defaulting, and then consuming only G» in period 2. We quantitatively verify that these
loan limits do not bind in our calibrations and thus ignore them in our analyses that assume a
no-default equilibrium. We further assume that lending markets are competitive, which generates

a break-even condition for lenders that determine the interest rate on borrowing, .
(I+7r)(1+2)=1+mr, (5)

where r is the savings interest rate and z is the upfront lending cost. The left hand side is
the (period-2) opportunity cost of lending $1. The right hand side is the repayment. Since no
borrowers default in equilibrium, the borrowing interest rate depends only on the cost of avoiding

default (z) and the interest rate on savings (7).

For our main theoretical results, we assume that z is a constant. This implies a piece-wise

linear savings technology, R(s), given by:

(I+r)s ifs>0,
R(s,mp) = (6)
(I+m)s ifs<0,

where 1, is the interest rate borrowers face in private credit markets (determined by equation
5), and thus r, —r > 0 reflects the credit penalty faced by borrowers. Note that (6) can be
seen as a generalization of the standard “no-borrowing constraint” in macroeconomics (obtained
when r, — 00). Before introducing the government’s optimization problem, we discuss how the
government similarly faces upfront lending costs that affect the fiscal costs of delayed taxation or

subsidized lending policies.

The individual’s problem. The problem solved by an individual ¢ with a lifetime wage profile

of (wi,w}) is to choose £}, £, s in order to maximize (4) subject to constraints (2) and (3). The

5That is, the government does not allow lenders to cause “starvation” in the event of default.



first-order conditions are:

(€1) =y (c)wi[l = o] = B(1+r)un(ch)[1 = d]mw = o' (), (7)
(62) = up(ch)wh[l — 2] = v'(L2), (8)
(s) 2 wy(ch) = Buy(cy) R (s). (9)

The first order condition for ¢; (equation 7) can be written:

B+ (k)

w(e) 1o

uf (c)w! (1 -7 [(5 +[1- 5]0}) =/'(¢}) where 6' =

Thus, the labor supply in period 1 depends on the extent to which taxes are delayed (as
reflected by §) and the wedge 6 between the marginal utility of consumption in period 1 and the
discounted marginal utility of consumption in period 2. When agents are free to save and borrow
at the government interest rate of 7, the Euler equation implies that #° = 1, which makes the
first-order condition independent of 0. However, in the presence of financial frictions, we have
that ° < 1, which implies that when 0 < § < 1, the effective marginal tax rate faced by agents is

lower than in an economy without delayed taxation.”

As can be seen from the simplified FOC for ¢; (10), the effects of delayed taxation depend on
the degree of consumption smoothing. Assuming an interior solution for s’ such that the Euler

equation (9) holds, we may substitute (9) into (10) to obtain
i (chwi (1-7) =o' (6), (11)
where
H=m|1-(1-0)Al] (12)
is the effective period-1 tax rate and

i R'(s") — (1 +7) L4
A TREY TR (13)

is the interest wedge faced by net borrowers, representing the proportional difference between

their marginal interest rate R'(s?) and the interest rate on savings 1 + r.

The effective tax rate equals the nominal tax rate if there is no delayed taxation (1 — 0 = 0)
or no financial frictions (A% = 0). Equation (11) illustrates that delaying taxes (increasing 1 — d)
reduces the distortion on period 1 labor supply at a rate determined by the difference in interest
rates between government and private agents, A%, which captures the ”"strength” of the financial
frictions faced by agent ¢. This yields two testable implications that we examine in Section 5.

First, when agents face financial frictions, their behavioral responses to delayed taxes are smaller

"For the second period, the first-order condition for 3 (equation 8) is the same as in a standard model without
delayed taxation. Second-period labor supply is only affected indirectly through cs.
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compared to regular taxes. Second, the magnitude of these behavioral responses decreases with
the severity of an individual’s borrowing constraints.

Note that period-1 and period-2 labor supply can be related by substituting (9) into (11)
and then substituting in (8):

a1 _ V()

BR (sz)w—é = o (@) (14)
where W = w} (1 — 7)) and @} = wh(1 — 72) are the after-tax wages (taking into account the
effective tax rate 7] in period 1). This condition relates labor supply across periods through
the discounted after-tax wage ratio, making clear how taxes and borrowing frictions (via R'(s%))
reallocate labor intertemporally. Intuitively, borrowing constrained individuals smooth their con-
sumption by increasing their labor supply in period 1, making it less elastic to taxes.

To characterize the relationship between delayed taxation and regular taxation, it is useful
to define a conversion factor that measures how much the effective tax rate responds to changes
in the delay parameter  relative to how much it responds to changes in the nominal tax rate
Ty

Definition 1 Define the d-to-m; conversion factor

. Al
ro)=n————. 15
(9) 11— )AL (15)
By construction, T''(8) = g;f//gi, representing the relative marginal influence of § versus T on
1

the effective tax rate 7.

Government lending costs. Like private lenders, the government faces an upfront lending cost
in order to avoid default, but we allow this cost to differ from that of private lenders. While private
lenders always wish to avoid default, this is not necessarily the case for the government. Letting all
borrowers default on their tax liabilities resembles age-dependent taxation in our model.® Hence,
to clearly distinguish government credit market intervention from age-dependent taxation, we
make the assumption that the government always wishes to avoid defaults. Specifically, let 29
denote the government’s upfront lending cost, which determines its break-even interest rate, rg ,

through
(14+7r)(1+29)=1+7]. (16)

While the government does not need to break even, the interest rate, rg, determines the cost of

capital associated with lending. Since the government offers a subsidized interest rate, r < r{, it

8 Allowing a worker to default on delayed taxes without penalty is equivalent to lowering their ex-ante pay-as-you-go
tax rate.

11



incurs a marginal present-value cost for each loan:

; ; 147
AL, =1[s" <0 (1_1+rg> > 0. (17)
This cost is zero for net savers (s° > 0) and equals 1 — 11:;; for net borrowers (s' < 0). In

b
our baseline analysis, we assume the government faces the same lending costs as private lenders

(29 = z), implying equal borrowing interest rates (rj = r,) and marginal costs (Afm = Ab).
However, the government could have advantages in lending (29 < z) due to superior enforcement
capabilities or monitoring technology, resulting in a lower borrowing interest rate (r{ < ;) and
enhancing the appeal of delayed taxation. In the limiting case where the government can costlessly
enforce no defaults and thus discounts debt repayments at 1+, then A% ¢ = 0, and neither delayed

taxation nor government lending affect the budget constraint.

To keep the analysis tractable and isolate the core mechanism, we adopt the following as-
sumption:
Assumption 1 (Credit Markets) The savings interest rate r and lending costs z and 29 are

exogenous, and lending does not generate welfare-relevant profits.

Thus, similar to Lozachmeur (2006) and Weinzierl (2011), we treat financial frictions and interest
rates as exogenous and assume that financial intermediation is irrelevant for welfare.” Conse-
quently, when policy reduces borrowing in credit markets, there are no welfare-relevant effects
on lenders’ profits. There are also no equilibrium effects due to market-clearing in the savings
asset. One justification exogenous interest rates is that saving and borrowing ultimately occurs
in international bonds, and the net effect of delayed taxation on the demand for bonds is limited

as reduced private borrowing is offset by increased government borrowing.

The government’s problem. The government’s problem is to maximize social welfare, which
we express as a utilitarian sum over individual utilities (though our results extend to more general
social welfare functions with different welfare weights). Let 7' denote the population share of

agents of type i. Then the government solves:

ivri
1
@Gfﬁ%@xz}ﬁ o (18)
subject to:
, o Twhll , . ; G2
zi:ﬁl (lei ’1 + N —|-2r2 — (1 — 5)Ai7971w§€§ — A:ﬂjgx') > G+ T1r + M, (19)
0<6<1, (20)

9Weinzierl (2011) considers two main cases. In the first case, there is (exogenously) neither borrowing nor saving.
In the second case, where welfare gains are considerably lower, individuals may save or borrow at an (exogenous)
interest rate of 5%. Lozachmeur (2006) imposes a no-borrowing constraint but lets individuals save at an interest
rate of zero.
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where M is an exogenous revenue requirement that is not refunded to agents, x is a uniformly-
sized loan provided to all agents,'? and Ai,7g:c is the present-value cost (per agent) of providing a
uniform loan of z > 0. The (1 — §)A] mwifj term is a present-value adjustment that accounts
that a fraction, 1 — ¢ of period-1 taxes are paid in the next period. If the government has no

lending advantage, A?g = A!, and the left-hand-side of (19) can be written:

i ~i iy 2wy i
;7‘(’ <71w1€1 + T4r A,m) . (21)

A few remarks are in order. Dynamic models of optimal taxation often assume that the
budget constraint is satisfied in expectation (as in equation 19). This allows for unrestricted
borrowing if, for example, the government runs a deficit in period 1. In reality, governments
are usually subject to borrowing limits. In our numerical simulations, we extend the standard
life-cycle framework by explicitly incorporating borrowing constraints (see section 3.5). Although
we do not adopt an OLG model, these borrowing constraints mimic some of the fiscal discipline
found in OLG frameworks, where borrowing and spending must be carefully managed over time
due to concerns about intergenerational equity. Nevertheless, our focus on delayed taxation is

primarily concerned with redistribution within cohorts rather than across generations.

2.2 Characterizing optimal tax policy

Now we want to characterize the optimal solution to the government’s problem outlined in
(18). For this purpose, let A\ denote the Lagrange multiplier associated with the government

budget constraint (19). The Lagrangian is

ivsi i igi Towhlh i igi i Go
W:;Tr Vi—2X\ (—;ﬂ' <T1w1£1 + 1_5: —(1 —5)Ar’g7'1w1€1 _AT79$> +Gq+ Tor -|-M> .

It is useful to define the following auxiliary variables:

_ui()
i _ 22
9 Y ’ ( )
. u/ .
go =B +7) 2; ) (23)
i 11— dyg
Els = —— , 24
! yp  d(1—T5) 29
. 1—1  dy
v _ R 2 9
Ty ATy %)
,_ d : 1, T2V
= (nyl [1-(1—-6)Al < 2
= (y - (=0 + M) <0, (26)

where (22)—(23) defines the social value of giving an additional dollar to an agent of type i in

10Whether all agents receive the loan or only the agents who face high marginal interest rates is inconsequential for
most of our analyses. Net savers, with R'(s') = 1 + r are indifferent regarding whether to receive the loan, and
the loan, for these agents, imposes no present-value costs on the government.

13



period s = 1,2 (in money metric terms) and (24) is the elasticity of period ¢ income with respect
to the period s net-of-tax rate. This elasticity captures labor supply adjustments to within-
period tax changes as well as across-period tax changes (intertemporal labor substitution effects).
Equation (25) is the elasticity of period ¢ income with respect to a change in 1 — 7 (a change
in the net-of-tax rate in both periods). Equation (26) defines an income effect parameter that
represents the reduction in present value taxes caused by an increase in lump-sum transfers or
unearned income in period 1, adjusted for the government’s discount factor when delayed taxation

is present (6 < 1) and the government faces lending costs (A7, > 0).

We start by characterizing the regime that we refer to as our benchmark, which is a linear
tax scheme where taxes and transfers do not depend on age and the amount of delayed taxation
(1 —0) is exogenous (and possibly zero).!!

Proposition 1 (Benchmark Linear Tax Scheme) Consider the government’s optimization
program (18) with 71 = 70 = 7 and G1 = Gy = G, a fixred amount of delayed tazation 1 — ¢,
and no subsidized lending (v =0).

(i) The optimal marginal tazx rate T satisfies

1

Zﬂzyi {5Qi +01- 5)93] i Zﬁzyé [95} (27)
, . 1 . .
=Y mud [1+1i753} o 2 mivh {1+1;g§]. (28)

(i) The optimal per-period transfer G satisfies

Zwi(gi + 141rrgé) = Zw <1+ 1ir - [1+ R’zsi)] p"). (29)

)

Proof. See Appendix A.1. =

The formulations in equations (27) and (29) reflect a dynamic extension of the seminal
work on optimal linear (affine) taxation by Atkinson and Stiglitz (1980), among others. The
determination of the optimal linear tax rate involves balancing equity, as reflected on the left-
hand side of the equation (27), with efficiency, as reflected on the right-hand side of the same
equation. Similarly, the optimal level of the transfer depends on a balance between equity, shown
on the LHS of equation (29), and costs, shown on the RHS of equation (29). These costs are the
direct costs of providing the transfer, adjusted for the resulting negative impact on the tax base
due to income effects. In Marginal Value of Public Funds (MVPF) language, these optimality
conditions state that the marginal value of public funds equals one for both tax and transfer
policies, i.e., MV PF, = MV PFg = 1.

Next, we derive a lemma showing that marginally increasing 1 — § has effects on ¢;, t =
1,2, that are proportional to the effect of marginally changing 1 — 7. This result allows us to

characterize optimal delayed taxation in terms of standard labor supply elasticities.

1A corresponding characterization of the optimal age-dependent linear tax system is provided in appendix B.
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Lemma 1 Assume the individual’s marginal borrowing rate is locally constant at the baseline,
namely, for each i, R'(s) is well-defined and constant for marginal changes in incentives around
st. Then, fort € {1,2},

dei dei

-5~ aE-ay .

where T(8) is the conversion factor defined in (15).
Proof. See Appendix A.2. =

The result follows from the fact that § and 71 enter the period-1 intratemporal condition only
through the same effective wedge, 7 = 71 [1 — (1 — §)AL]. Under a locally constant marginal
borrowing rate, a marginal change in 1 — § therefore moves labor supply exactly like a marginal

change in 1 — 7, scaled by the conversion factor I''(4). 2

The conversion factor I'?(§) has a clear economic interpretation as a policy-equivalence mea-
sure: locally, a 1 percentage point increase in 1 — § has the same effect on labor supply as a
I''(8) percentage point increase in 1 —7;. This factor is increasing in the severity of the borrowing
friction, A%, equals zero for savers (A% = 0), and simplifies to 71 AL when there is no delay (§ = 1).
For § < 1, the denominator 1 — (1 — )AL amplifies the effect for borrowers.

Proposition 2 characterizes the optimal amount of delayed taxation 1 — §. To better convey
the effects of delayed taxation, we express this proposition in terms of compensated tax elasticities

(indicated by the superscript c).
Proposition 2 (Optimal Delayed Taxation) Consider the optimization program (18), given

some fized values of 71, T2, G1, G2 (not necessarily optimal). Assume the local-constancy condition
used in Lemma 1 holds. Assuming an interior solution for d, the optimal share of delayed tazation,
1— 6, satisfies:

Ty T (gli - 93) =Y mAL ny
7 7

Direct fiscal cost

. 71{1—(1—5)&;’9} . T
S ) el B i) (g
; v 1—7n l—l—rl—lei

Behavioral effects scaled by conversion factor

Proof. See Appendix A.3. =

The LHS is the welfare effect of increased consumption smoothing and the RHS captures the
fiscal externalities of marginally delayed taxation. The first term on the RHS, —>"; 7T,~A§;7g7'1y{,

represents the direct present-value cost to the government of delaying tax collection when the

12The local-constancy assumption on R’(s) is mild in the sense that it requires only that marginal policy changes do
not move an individual across a kink or into a region where the marginal rate varies; it is satisfied by piecewise-
linear schedules away from kinks and, more generally, by any schedule that is locally affine at s*. If R”(s") # 0
at the margin, a small additional term arises because d(1 — &) perturbs s and hence R'(s%); in that case (30)
remains a first-order approximation evaluated at the baseline.
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government faces lending costs. The second term accounts for the behavioral effects of delayed
taxation, which contains three components: (i) the period-1 substitution component: the com-
pensated elasticity azlf scaled by the revenue-relevant effective marginal tax rate 71[1—(1—9 )Ai, gl
and normalized by the untaxed share (1 — 71); (ii) the period-2 labor supply response through
intertemporal substitution effects 5’210 ; and (iii) the overall income effect on present-value tax rev-
enues p'. If there were no financial frictions, that is, A% = A%g = 0 for all ¢, then both the left
and right sides of (31) would equal zero. In other words, if no one is financially constrained, it
does not matter whether the government delays taxation. There are no consumption-smoothing
benefits, since agents can already borrow freely at the government rate, and on the right-hand side
there are no fiscal externalities, since the present value of the delayed tax from the perspective
of both agents and government equals the nominal tax. However, in the presence of at least one
borrowing-constrained agent, that is, an agent who borrows at some R'(s) = 14+ 7, > 1+ r,
the left-hand side of (31) is positive and equal to the marginal welfare gains from improved con-
sumption smoothing. The right-hand side is also nonzero due to fiscal externalities caused by

constrained agents who now face a lower effective tax rate in period 1.

Note the first order condition (31) fails to emphasize a tension between the two welfare gains
from delayed taxation that we emphasized in the introduction. As more and more taxes are de-
layed, private borrowing is crowded out. Once some agents seize to borrow, their marginal interest
rates equal that on savings, and thus A% = 0. This implies that when delayed taxation achieves
maximal welfare gains from improving welfare gains from improving intertemporal consumption
smoothing, delayed taxation no longer reduces the distortions of the income tax. Note that this
may require delaying more than 100% of taxes. However, under moderate implementations of
delayed taxation (which are indeed optimal in our quantitative framework), individuals still face
high interest rates on the margin, implying a that key channel through which delayed taxation

generates welfare is by reducing income tax distortions.

2.3 Welfare effects of marginal reforms

An interesting question is under what conditions the introduction of delayed taxation in-
creases welfare in an economy without delayed taxation. We start with our benchmark economy;,
which is characterized by a tax system with 7 = 75 = 7 and no delayed taxation 1 — 0 = 0. We
then consider a marginal delay in taxation (i.e., a marginal increase in 1 — §). Note that this

reform has no mechanical cost to the government.

By evaluating Proposition 2 at m = 7o = 7 and setting § = 1, and noting that welfare effects
only arise from borrowers (since AL = 0 for savers with s > 0), we obtain the marginal welfare
effects of delayed taxation. Making the additional simplifying assumption that the return function
R(s) is piecewise linear around zero savings (s = 0) and that no agent has exactly zero savings

(s* # 0 for all i), we can formalize these insights in the following corollary.

Corollary 1 (Marginal Welfare Effects of Delayed Taxation) Assume that R(s) is piece-
wise linear around s = 0, s* # 0 for all i, and consider the benchmark economy without delayed

tazation (6 = 1). The money-metric welfare effect of a marginal introduction of delayed taxation
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can be decomposed as:

1 dw , | , T
1 1,0 !/ (2 7
ST =T Z ™ Ay~ () + Al—— y1€11
Ad(1—=0)l5-4 e A 1-—
= 1:8°<0
Welfare gains Period-1 tax revenue
from consumption gains (substitution)
smoothing
L ATy Alyi P A 32
+ 1 P Y2 21+ o’ - Y1 Brg ) (32)
+r A/—/ ——
Period-2 tax revenue Present—'ualue‘ taz Direct fiscal cost of
losses (substitution) revenue effects (income) government lending
_ 147 : : - i
where A, = 1 — Tiry > 0 represents the private borrowing friction, Al , > 0 represents the
government’s lending costs, and all welfare effects originate from net borrowers since Al =0 for

agents with s' > 0. Note that the substitution effects are scaled by T - A” - = Fil((il), while the

income effect is scaled by T - AL =T"(§ = 1).
Proof. See Appendix A.4. =

Corollary 1 provides a decomposition revealing five distinct channels through which delayed
taxation affects welfare. The first channel represents direct welfare gains from improved consump-
tion smoothing, as delayed taxation allows financially constrained agents to effectively borrow
from the government at favorable rates. The second channel captures positive fiscal externali-
ties from increased period-1 tax revenues, as the lower effective tax rate encourages higher labor
supply through substitution effects. The third channel shows intertemporal substitution effects,
which partially offset the period-1 gains by reducing period-2 labor supply and associated tax
revenues. The fourth channel reflects income effects on present-value tax revenues, which tends
to be negative as higher effective income reduces labor supply. The fifth channel represents the
direct present-value cost to the government of delaying tax collection, reflecting the government’s
lending costs (Afw > 0). This cost is zero when the government can lend at the risk-free rate
and positive when the government faces some lending costs, though these are typically lower than
private borrowing rates. To better understand the economic mechanisms at work, it is instructive
to compare delayed taxation with an alternative policy instrument that also provides liquidity to

constrained agents: direct government lending.

Lemma 2 (Marginal Welfare Effects of Uniform Government Lending) Under the same
assumptions as Corollary 1, the money-metric welfare effect of the government offering a marginal

loan, dx > 0, at an interest rate of r is:

= (9 —93) + oAl =D w'AL, = A 3 wgi + )~ Arg Y-, (33)

) i:50<0 51<0

14V
Adﬂ?lg

where the second equality follows from the fact that only borrowers (s* < 0) benefit from subsidized
loans, and for these agents, the intertemporal optimality condition implies (gt — g4) = Algh.
Proof. See Appendix A.5. =

With the marginal welfare effects of both policies now characterized in Corollary 1 and
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Lemma 2, we can establish Proposition 3 which shows how the welfare gains from delayed taxation
can be decomposed into two components: (i) a uniform lending effect that provides the same
liquidity benefits as direct government loans, plus (ii) additional welfare gains arising from delayed

taxation’s inherent targeting mechanism.

Proposition 3 (Decomposing Delayed Taxation into Lending and Tax Effects) Assume
that R(s) is piecewise linear around s = 0, s* # 0 for all i, and consider the benchmark economy

with no delayed taxation. Then, the marginal welfare effect of introducing delayed tazation can be

written as:
1 dw 1dw A
~ = TY - ——— + 1A, it Yie]] + —— Y5 34
Nd(1—0)|,_, N |5 2 1T (34)
= 1:51<0
Lending Reduced tax
effect distortions
+ D T —agi+ Y Ty —)e 1—72 i —)A
1:5°<0 1:5°<0 i:5°<0
Loan Income effect Differential fiscal

targeting targeting cost targeting

where y1 = Zi:si<0 ﬂjylp A (1 - 111—: )’ and Ar,g = <1 B 11:7%> :
Proof. See Appendix A.6. =

Proposition 3 provides a decomposition revealing how delayed taxation can be understood as
uniform government lending plus four additional effects. The decomposition isolates the lending
effect, which captures the welfare gains from providing uniform subsidized loans equal to Ty
(the total tax burden of borrowers). This represents the pure consumption smoothing benefit
that any government lending program would provide. Beyond this baseline lending effect, de-
layed taxation generates four additional channels. The first additional channel captures efficiency
gains from reduced tax distortions, as delayed taxation effectively lowers the period-1 tax rate for
borrowers, generating positive substitution effects that increase labor supply and tax revenues.
This channel highlights a key advantage of delayed taxation over pure lending: it simultaneously
provides liquidity and reduces tax wedges. The second additional channel reflects loan targeting
effects, representing the covariance between income and the marginal welfare value of period-1
consumption. For constrained borrowers, this covariance is typically negative, reflecting that
higher-income agents have lower marginal utilities of consumption, making uniform lending some-
what better targeted than the income-proportional transfers implicit in delayed taxation. As we
discuss, this may be offset by lower fiscal costs of lending to high-income agents. The third addi-
tional channel accounts for income effect targeting, capturing how income effects vary across the
income distribution. Since delayed taxation provides transfers proportional to period-1 income
while uniform lending does not, this term reflects the covariance between income and income

effect parameters.

The fourth and last channel represents differential fiscal costs between delayed taxation and

uniform lending when the government faces lending costs (A4 > 0). This term captures how
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the fiscal costs of income-proportional transfers (delayed taxation) differ from uniform transfers
(lending). Under our baseline assumption that Aﬁ,vg = Al (government has same technology as
agents), and assuming these are constant across borrowers (AL = A,), this term is zero.'® We
include this term to highlight that a feature that may differentiate delayed taxation from lending in
a more comprehensive model. If Afn,g and y} are negatively correlated, then delayed taxation will
involve lower default costs than uniform lending. The intuition is that those with higher period-
1 incomes may be easier to collect from for two reasons. The first reason is that high-income
borrowers may borrow less and thus be less risky (materializing as high-income borrowers facing
lower marginal interest rates). The second reason is that high-income borrowers may otherwise

be easier to collect from, due to, e.g., lower risks of default.

Additional discussion. Before proceeding to the quantitative analysis, we clarify a key as-
sumption in our theoretical framework regarding the interest rate on delayed taxes. We set
Tdtax = T, Where r is both the government’s borrowing rate and the return on savings for uncon-

strained agents. This assumption has several important implications that merit discussion.

Behavioral neutrality for unconstrained agents. For workers whose marginal borrowing rate
equals 7, delayed taxation does not affect behavior since it leaves the present value of their
tax burden unchanged. This ensures that delayed taxation selectively benefits only those facing

financial constraints, making it a precisely targeted policy tool.

Fiscal costs depend on government lending advantage. When the government faces the same
lending costs as private markets (Ai’g = A!), delaying tax collection imposes fiscal costs equal to
the interest wedge. However, if the government has a lending advantage (AL, < Al) or can lend

costlessly (Ai,g = 0), the fiscal costs are reduced or eliminated entirely.

Robustness to frictionless environments. In economies without financial frictions (where
ry, = r for all agents), delayed taxation has no effects on either behavior or welfare. This confirms

that the policy’s benefits arise specifically from addressing financial market imperfections.

While one might consider more flexible designs where 4, deviates from r, such approaches
would fundamentally alter the policy’s character. As we discuss in Section 2.4, if the government
could freely choose any 7., € R, it could replicate any age-dependent tax system by appropriate
choice of parameters.!* However, such flexibility would sacrifice delayed taxation’s key advantage:
its ability to automatically target transfers based on individuals’ revealed financial constraints.

Our approach preserves this targeting mechanism while maintaining fiscal discipline.

2.4 Model Extensions

Myopic agents. Appendix C analyzes the marginal welfare effect of introducing delayed taxa-
tion when a subset of agents are more impatient than the government. We assume these agents
share a common discount factor § < 8*, where 5* is the government’s discount factor used in wel-

fare evaluation. Relative to the non-paternalistic case, equation (C5) differs in exactly two ways.

3When A;g = Al = A, for s; < 0, we can factor it out: A, Zmi«) 7' (yi — §1) = 0 by definition of 7.
MEor instance, setting 7 = 72, ratez = —1, and § = 71 /72 would emulate the system (71, 72). If 72 = 0, the parameter
¢ becomes undefined, but this is inconsequential since delayed taxation becomes irrelevant when 7 = 75 = 0.
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First, borrowers’ experienced consumption-smoothing gain is unchanged, but its social contribu-
tion is re-weighted under paternalism and can turn negative when wedge between government and
personal discount factors is high relative to the extent of financial frictions (more precisely, when-

g o R(s")
ever F T

are no longer at the social optimum, creating an additional positive welfare term. Since iy < 0,

). Second, when the government is more patient (5* > f3), period-2 labor choices

a marginal delay reduces period-2 labor supply. Not only does the paternalistic government want
myopic agents to consume more in period 2, the government would also like them to work less,
which delayed taxation achieves. In short, while paternalism lowers the social value of smoothing
for impatient agents, it also introduces an offsetting leisure gain, and importantly, paternalism

does not reduce welfare gains from reducing the distortionary effects of income taxation.

Making the interest rate on delayed taxation a policy tool. In our baseline analysis, we
constrain the interest rate on delayed taxes to equal the risk-free rate, rg¢q: = r. This constraint
has important implications for the policy’s targeting mechanism: delayed taxation has no effect
on the behavior of workers whose marginal return on savings equals r (i.e., whose R/(s?) = 1+7),
since it does not change the present value of their tax burden. This implies that delayed taxation
does not affect the behavior of net savers in partial equilibrium, nor does it have any effect in the

absence of financial frictions (when r, = 7).

A natural extension of our framework is to treat the interest rate on delayed taxes as a policy
instrument, allowing 744, to differ from r. The key benefit of this extension is that it expands
the set of feasible policies. In our baseline framework, the constraints § € [0,1] and 74, = 7
limit which age-dependent tax systems can be replicated. However, with full flexibility over
rataz € R, the government can replicate any age-dependent marginal tax system characterized by
(11,72) € Ri by setting 7 = T2, T'gtae = —1, and § = 71 /72.1°> This allows replication even when
T1 > T9, which is impossible under the baseline constraints.

Beyond this replication result, delayed taxation with flexible interest rates can potentially
Pareto dominate age-dependent taxation because it preserves the automatic targeting feature:
benefits are allocated based on agents’ revealed marginal borrowing costs rather than applying

uniform rates regardless of individual financial constraints.

Delayed taxation in a three-period model. Note that the model can be extended to three
periods, where agents work during periods 1 and 2, and are retired in period 3. Since retired
workers do not supply labor, delayed taxation avoids the post-mortem default problem that
would otherwise plague unconditional subsidized loans. Suppose taxes can only be delayed for one
period. Since retired workers have no labor income and thus cannot borrow through the delayed
tax system, they cannot default on their liabilities post-mortem. However, a new challenge arises:
agents may optimally choose to delay period-2 taxes and then default once retired in period 3.
This challenge also affects private lending markets, but may be resolved by conditioning credit
supply on age. If we restrict delayed tax policy to be age-independent, preventing default in

period 3 requires that workers willingly save for retirement, since these constitute the entirety of

15Tf 75 = 0, 4 is not well defined, but this is irrelevant since § becomes immaterial when 7 = 75 = 0.
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seizable disposable income (assuming the government-transfer, G, is not seizable). Workers will
only choose to save if the benefits of repaying and accessing these savings in period 3 outweigh the
benefits of defaulting in period 2. This trade-off imposes an upper bound on the amount of delayed
taxes. if 1 — ¢ is too large, default becomes optimal, and anticipating default, workers do not
save in period 2.6 Under the assumption that delayed taxation is age-independent, discouraging
period-3 default thus limits the welfare gains (by limiting 1 — ) that can be achieved to smooth
consumption between periods 1 and 2. This may be partially offset by the government choosing
a lower unconditional transfer, G, which would reduce the amount of consumption in default.
We also note that while private lenders would need to discourage default (see Appendix G) to
break even on loans, it may be optimal for the government to allow some workers to default.
Strategic default is essentially a transfer from workers to the government, which limits welfare
losses from default. We conjecture that there may be environments in which these transfers
produce welfare gains by targeting those with low retirement-saving incentives (due to, e.g., low

period-2 earnings).

Nonlinear income taxation. Most modern tax systems feature a progressive marginal tax
schedule that cause average tax rates to be lower for lower-income younger workers. This leaves
the question of whether delayed taxation still has material welfare gains on top of a progressive
marginal tax schedule. We investigate this by extending our model such that the benchmark

economy features a nonlinear marginal tax schedule as in Heathcote et al. (2020):
Ti(ys) = g — aryy ™ + G, (35)

where a¢, k¢, and G; are policy parameters that determine the progressivity of the tax schedule.
Note that unlike Heathcote et al. (2020), we include the lump sum transfer, G; > 0 in the tax

and transfer schedule to stay consistent with our previous analyses.

3 A quantitative investigation of delayed taxation

3.1 Calibration

We assume that the utility function has the form

1
cl—o 1 £1+E

u(e) = v(6) = e,
k

36
T (36)
which implies that o is the inverse of the elasticity of intertemporal substitution and k is the
constant consumption elasticity of labor supply, while £ is a scaling parameter reflecting the

intensity of the disutility of labor. In the simulations below, we choose o = 5 and k = 0.5.17 We

6For intuition, we can consider the case when 1 — 8 — oo. In this case, defaulting workers can borrow and
consume an infinite amount in period 2 and are limited to consuming the government transfer, G, in period 3.
Nevertheless, the life-time utility of default tends to infinity (barring, e.g., Leontief preferences over consumption).
Hence, workers will always default.

o = 5 implies an elasticity of intertemporal substitution of 0.2, which is in line with recent quasi-experimental
evidence (Best, Cloyne, Ilzetzki, and Kleven 2020; Ring 2024; Ring and Thoresen 2025. We follow Heathcote,

17
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also set & = 1. Our baseline analyses consider constant social welfare weights.

We calibrate our model to Norwegian workers between the ages of 20 and 30 in 1990 who are
employed and not in school. There are 100 agents. For each decile in the 1990 wage distribution,
there are 10 agents corresponding to their decile in the 2011 wage distribution. We set m;, ¢ =
1,...,100 equal to the population fraction of each of these types. Following Weinzierl (2011), we
assume perfect foresight to obtain heterogeneity in expected inflation-adjusted wage trajectories.'®
We set the exogenous revenue requirements, M;, equal to 15% of GDP; (sum of labor income in
period t) measured in the benchmark economy when r, = 3%. The revenue requirements thus do

not vary by 7 or policy choices.

Appendix Table A.3 provides summary statistics for the wage trajectories. We see that
the median cumulative real wage growth is 0.88. Annualizing this over a 21-year period yields
annual real wage growth of 5.16%. This masks considerable heterogeneity. The fifth percentile of
cumulative real wage growth is -28% and the ninety-fifth percentile is 464%.

In our calibration, there are no exogenous non-labor income or endowments. Accordingly, all
variation in savings incentives (and thus the degree to which agents are affected by the financial
frictions) comes from differences in earnings trajectories. For example, those who start in the

bottom decile and end in the top decile will want to borrow the most.

We set the base interest rate (faced by the government) to 3%. Since we are modeling periods
that are 21 years apart, the cumulative interest rates enter the budget constraints. That is, the
present value in period 1 of $1 in period 2 is 1.0372!. Accordingly, we set 8 = 1.0372! so that a
net saver facing an interest rate of 3% would choose the same amount of consumption in the two

periods.

Policies. The Benchmark policy involves the government optimally choosing 7 and G,
where the restrictions are that tax rates and transfers are age-independent (77 = 70 = 7 and
G1 = G2 = G). The benchmark policy does not feature delayed taxation or subsidized lending
(ie., 1 =9 = 0 and x = 0). For Age-Dependent taxation (AD), the government may choose
different tax rates, i.e., we allow 7 # 9, but we require 73 > 0. Allowing 71 # 72 is not an option
under either the benchmark policy or delayed taxation. We also require G; = Go = G > 0, except
when we explicitly an age-dependent tax and transfer system (AD T&T). In the AD T&T case,
we require Gy > 0 but allow G # Gos.

Under Delayed Tazation (DT), we restrict the fraction of period 1 taxes payable in period 1
to be within [0,1]. 1 — 4§ < 1 implies that agents cannot borrow from the government in excess
of the amount of taxes they accrue, which is typically binding when financial frictions are severe.
Imposing 1—4§ > 0 is not a binding constraint. In the presence of financial frictions, the optimizing
government will not force workers to save an amount proportional to their accrued taxes. In other

words, “social security” contributions do not arise in our model.™

Storesletten, and Violante (2017) in assuming a Frisch elasticity of k = 0.5, which is broadly consistent with
empirical evidence (Keane 2011; Chetty 2012)

8See, e.g., Herbst and Hendren (2023) who argue that young workers (students) possess substantial private knowl-
edge about their future earnings, academic persistence, employment, and likelihood of loan repayment beyond
what is captured by observable characteristics.

¥0One way to achieve an optimal 1 — § < 0 is to make the government “paternalistic”. In Choukhmane and Palmer
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Individual-level delayed taxes. We further impose that agents dissave rather than delay
taxes if they weakly prefer to. This occurs when R'(s) < 1+ 7444, and is only relevant for welfare

calculations when we, in robustness checks, impose borrowing limits on the government.

Numerical implementation of R(s). To avoid the computational issues associated with
agents facing kinked budget constraints, we employ an R(s) function that approximates a piecewise-
linear function with a kink at s = 0 but is continuously differentiable. The functional form,
discussed in detail in Appendix H, ensures that marginal interest rates, R'(s) ~ 1+ r when s > 0
and R'(s) &1+, when s < 0.15.

3.2 Marginal effects of delayed taxation

The Marginal Value of Public Funds. This subsection quantitatively evaluates delayed
taxation using the marginal value of public funds methodology (Hendren and Sprung-Keyser 2022,
Finkelstein and Hendren 2020, Bastani 2025). We calculate the MVPF of marginally changing
some policy parameter, w, as
i AV
2T dw / A

MVPF = — dREV (37)

dw

where V; is an individual’s life-time utility, A is the Langrange multiplier on the government budget
constraint in the benchmark economy, and REV is present-value government tax revenues net
of any cost-of-capital effects (due to the possibility of default). The MVPF is thus the ratio of
money-metric utility gains from changing w to the marginal net cost faced by the government. If
the numerator is positive but net cost is negative (e.g., if the tax reform increases revenues), the

ratio is set to infinity (Hendren and Sprung-Keyser, 2022).

We value the MVPF using the analytical expressions derived in Section 2. These expressions
are written in terms of elasticities and not allocations. Hence, we derive analytical expressions
for the elasticities that depend only on allocations (i.e., consumption and labor supply of an
agent) in Appendix D.5.1. We can thus plug in the numerical allocations for the simulated
benchmark economy (or any economy for that matter) to obtain the exact MVPFs for different

tax reforms.

(2023), for example, the government uses a different time discount factor (i.e., a higher ) than consumers when
calculating welfare.

23



FIGURE 1: MARGINAL VALUE OF PuBLIC FUNDS

This figure plots the marginal value of public funds (MVPF) for different assumptions about the interest
rate on borrowing, r,. The x-axis varies the government collection advantage relative to private lenders.
When 29/z = 1, there is no advantage and the government discounts future delayed tax repayments at

the same interest rate as agents face in private lending markets (i.e., rg =r) When 29/z = 1, rg =r,

and thus there is no discounting of future repayments in excess of the interest rate on saving (r). For
z9/z > 1, the government faces a lending disadvantage and thus discounts repayments at a higher rate
than marginal interest rates in private credit markets. The bottom solid gray line provides the MVPF from
offering subsidized loans when 7, = 20%. Figures are restricted to MV PF < 7 except for when r, = 4%
(when we restrict MV PF < 8). For r, = 4%, the MVPF is infinite when 29/z < 0.11. For r, = 7%, the
MVPF is infinite when z9/z < 0.60.
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One of our central findings is that delayed taxation produces substantial welfare gains. Figure
1 emphasizes the robustness of this result by showing how the MVPF varies with both interest
rates on borrowing (r3,) and relative lending costs. The solid blue line shows the MVPF for the
case when r, = 20%. Most of our analysis are based on the case when the government has no
lending advantage, which is when z9/z = 1 and the government’s cost of capital, rg equals . This
baseline is marked by a circle in the figure and provides an M PV F = 1.53. This value implies
that for each marginal dollar in reduced present-value revenues, the government generates $1.53 in
welfare gains through improved intertemporal consumption smoothing. Reduced distortions from
income taxation play a pivotal role by reducing fiscal costs and thus the numerator. Introducing
a lending disadvantage, wherein the government discounts marginal repayments at higher interest
rates than the agents face in private credit markets, does not materially change the MVPF. This
can be seen from the flat slope of the MV PF' curve for values of 29/z around 1. However, if we

introduce an advantage by imposing 29/z < 1, the MVPF rapidly increases to about 5.

The dashed lines consider the MVPF under different assumptions on the interest rate on
borrowing. Since we keep the interest rate on savings, r fixed at 3%, varying 7, can be thought

of as varying the severity of financial frictions. Interestingly, we find that reducing the extent
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of financial frictions increases the MVPF. The reason is that income effects decrease relative to
substitution effects when r, is reduced. Hence, a lower r, causes the numerator to shrink. If we also
reduce lending costs for the government by decreasing 29/z, the MV PF becomes infinite. This
occurs because income effects are small relative to substitution effects, and when we additionally
reduce the present-value costs of lending (i.e., default costs), the numerator approaches zero or

even becomes negative.

The bottom solid line shows that the MVPF from offering uniform (unconditional on income)
subsidized loans carry an MVPF close to 1. Only when the government has a lending advantage
does the lending policy provide an MVPF above one. This stands in stark contrast with delayed
taxation, which consistently carries an MVPF well above unity. The takeaway is that whether
a subsidized lending policy is optimal depends crucially on the cost of capital associated with

lending. The optimality of delayed taxation is considerably more robust.

Decomposing the marginal welfare effects. To gain some insight into the source of welfare
gains, we use Corollary 1 to decompose the gains into four terms. We present the decomposition
in Panel A of Figure 2. We first normalize the welfare gains by dividing through by the gains
achieved by enhanced intertemporal consumption smoothing among constrained agents. The
second (blue) bar shows the marginal welfare gains from increasing labor supply through reducing
the distortionary effects of income taxation, which increases government revenues. These indirect
gains account for about two thirds of the direct gains from improved intertemporal smoothing.
In terms of negative welfare effects, we find that income effects account for about 85% of the
intertemporal gains. The costs of lending, due to discounting future repayments at r, > r,
equals about 45% of the intertemporal gains. While this decomposition shows that the main
welfare sourcesis enhanced intertemporal consumption smoothing, it emphasizes the importance
of reduced distortions. If the reduced-distortion channel were not present, the marginal welfare
gains of delayed taxation would clearly be negative. This provides important motivation for
investigating this channel in more detail using empirical evidence from a de facto delayed tax

scheme in Norway in Section 5.

Panel B of Figure 2 uses Proposition 3 to provide differential welfare gains from delayed
taxation relative to subsidized lending. In line with our previous discussion, the marginal welfare
effects of lending are negative (first bar). The positive welfare gains of delayed taxation are driven
by the addition of more sizable positive effects from reduced distortions (second bar). The three
additional terms address the fact that delayed taxes and subsidized loans are allocated differ-
ently. As anticipated, targeting higher-income individuals reduce the intertemporal consumption
smoothing effect relative to a uniform lending scheme. There are also slightly weaker income
effects from uniform lending. Finally, there is an even more slight advantage to delayed taxa-
tion in that the default costs associated with lending to higher-income individuals are lower. In
our quantitative framework, this is caused by higher-income borrowers having lower demand for
credit and thus being more likely to choose s such that R'(s?) is in the non-linear region where
ry < R(s') <.
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FIGURE 2: DECOMPOSING MARGINAL WELFARE EFFECTS

Panel A plots the marginal money-metric welfare effects of marginally introducing delayed taxation, %%,

when 7, = 20%. We assume no government lending advantage (29 = z and thus rg = rp). The decomposition

relies on equation (32), where the period-1 and period-2 distortions are combined, valued using allocations
from the benchmark economy. The terms are normalized by dividing through by the value of the intertemporal
consumption smoothing term. The first two bars indicate positive welfare effects, and the second two bars provide
the absolute value of negative welfare effects. Panel B decomposes the marginal welfare effect into a lending effect
plus additional terms using the decomposition results from Proposition 3. In Panel B, we similarly normalize by
dividing all terms by the value of the intertemporal consumption smoothing term from delayed taxation.
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3.3 Welfare effects of Delayed Tax Reform

We now move beyond analyzing the effects of marginal delayed taxation to study the welfare
impact of full delayed tax reform. These analyses continue to make the conservative assumption
that the government has no lending advantage (s? = z). That is, the government discounts debt or

delayed tax repayments at an individual’s marginal interest rate in private credit markets.

Figure 3 provides the money-metric welfare gains from implementing delayed taxation. These
gains from a given policy constitute the amount by which the government would have to be com-
pensated to obtain the same welfare levels without implementing the policy. The first bar provides
welfare gains (in period-1 aggregate consumption units, C;) relative to the benchmark policy with

linear age-independent taxation and no subsidized lending. The second bar provides the differ-

26



ential welfare gains from implementing delayed taxation on top of a subsidized lending scheme.
That is, we implement two sets of policies: (i) subsidized lending and (ii) subsidized lending com-
bined with delayed taxation. The differential welfare gains is the welfare gains from the policy
combination minus the welfare gains from only implementing subsidized lending. Interestingly,
most of the welfare gains from delayed taxation stay intact—consistent with behavioral responses
in terms of increased labor supply constituting a key welfare channel for delayed taxation relative

to subsidized lending.

FIGURE 3: WELFARE GAINS FROM INTRODUCING DELAYED TAXATION
(ON Top OF OTHER POLICIES)

This figure plots the differential welfare gains from implementing delayed taxation on top of other policies when
ry = 20%. The first bar provides the money-metric welfare gains from implementing delayed taxation relative to the
benchmark economy. The second bar provides the difference in welfare gains between (i) implementing both delayed
taxation and subsidized lending and (ii) only implementing delayed taxation. Money-metric welfare gains are measured
the amount of money that would make the government indifferent between the benchmark policy and any (combined)
reform under consideration; this monetary value is then divided by the benchmark economy’s period-1 aggregate
consumption. The third bar similarly provides the differential welfare gains of implementing delayed taxation on top of
age-dependent taxation. The fourth bar provides the gains from implementing delayed taxation on top of a benchmark
economy that features an HSV-style non-linear (progressive) tax schedule. Appendix Table A.5 provides additional
statistics for the age-dependent and HSV policies.
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The third bar similarly provides the welfare gains from implementing delayed taxation on
top of an age-dependent tax policy. Age-dependent taxes may also address financial frictions by
letting young borrowers pay lower taxes. They may also reduce period-1 income tax distortions
by lowering 7. Nevertheless, age-dependent taxation is bluntly targeted to all workers. The fact
that delayed taxation targets constrained workers lets it provide substantial welfare gains even

on top of an age-dependent policy.

The fourth bar provides the gains relative to a non-linear HSV tax schedule. More progressive
taxes may reduce financial frictions in that average tax rates are lower when agents have low
incomes. Interestingly, we find that an HSV-style benchmark increases the gains from delayed
taxation. Appendix Table A.5 shows that this is driven by complementarities between delayed and
nonlinear taxation. With HSV, the government fully delays taxes (1 — § = 100%) and increases

the parameter, a, that governs the progressivity of the tax schedule.
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Optimal tax schedule and allocations. Table 1 provides optimal policy parameters and
average allocations for different policy reforms. The first two columns provide statistics for the
benchmark economy with and without delayed taxation. The third column consider the case
when the government can implement subsidized lending, and the fourth column further allows
the government to implement delayed taxation. We see that the differential welfare gain from
implementing delayed taxation on top of the benchmark economy is 2.2% of aggregate period-1
consumption. This differential is only reduced to 1.8% when the government engages in subsidized
lending. Interestingly, we see that the government refrains from engaging in subsidized lending,

by setting the loan limit very close to zero when it has access to delayed taxation.

TABLE 1: OPTIMAL TAX SCHEDULES AND ALLOCATIONS

This table provides summary statistics for different policy combination. The first column provides statistics for the bench-
mark economy. The second column allows for delayed taxation. The third column allows for subsidized lending. The fourth
column allows for subsidized lending and delayed taxation. The present value function calculates present values according
to 1+ 7. The (money-metric) welfare gain is the exogenous shock to revenue that the government must experience in the
benchmark economy to be equally well off as with the given policy reform(s). This number is measured as a fraction of
the aggregate period-1 consumption, Ci. Govt loan limit is the uniform subsidized loan given under the subsidized lending
reform. B is the amount the government borrows to satisfy its first-period budget constraint. Appendix Table A.5 considers
the cases with Age-Dependent and non-linear HSV taxation as well.

Tax schedule and allocations with 7, = 20%

Benchmark + DT Lending + DT
T1 0.646 0.678 0.649 0.678
To 0.646 0.678 0.649 0.678
G1 0.544 0.561 0.543 0.561
G2 0.544 0.561 0.543 0.561
1-6 0.000 0.312 0.000 0.312
Tdtaz 0.030 0.030 0.030 0.030
Govt loan limit, x 0.000 0.000 0.017 0.000
Govt borrowing, B 0.125 0.369 0.134 0.369
Welfare Gain, % C\
(rel. to Benchmark) 0.000 2.206 0.403 2.206
A Welfare from DT . 2.206 . 1.803
mt-weighted means
lhw 0.815 0.739 0.804 0.739
lows 1.677 1.913 1.714 1.913
c1 0.887 0.920 0.891 0.920
co 1.011 0.947 1.001 0.947
PV (liwi,l2ws) 1.717 1.767 1.725 1.767
PV(liwi7i,lewaTr) 1.110 1.199 1.119 1.199
(TazPaidy — G1) /11 -0.077 -0.302 -0.086 -0.302
(TaxPaids — G2)/y2 0.262 0.362 0.272 0.362
Iy 0.803 0.728 0.790 0.728
lo 0.827 0.920 0.846 0.920
Net savings, s -0.055 0.036 -0.066 0.036
Impl. govt loan amount, IL 0.000 0.045 0.005 0.045
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We also see that delayed taxation reduces period-1 labor earnings, lyw;, but increases period-2
labor earnings. This differs from our theoretical results on the marginal effects of delayed taxation
due to the government also changing the tax rate, 7 and G. When the interest rate on borrowing
is high (e.g., r, = 20%), income effects dominate substitution effects in how taxes affect labor
supply. Hence, lowering the effective period-1 tax rate through delayed taxation decreases labor
supply, causing ljw; to decrease. At the same time, the period-2 tax rate increases (as 7 is

increased), causing period-2 labor supply to increase.’

Table 1 also shows that the benchmark economy already features elements of age-dependent
taxation. The ratio of taxes paid minus transfers to gross income is —0.077 in period 1 and
0.262 in period 2. This is due to the restriction that G1 = G5, which implies that the lump-sum
transfer is tied to inflation (which is zero) rather than real wage growth (whose median is 88%).
In quantifying welfare effects of delayed taxation, requiring Gi1 = G5 is a conservative choice.
The most alternative would be to tie G; to real wage growth, in which case G2 would be higher
than G;. Ceteris paribus, this would shift consumption towards period-1, increasing the wedge

between marginal utilities and thus the welfare gains from delayed taxation.

While we show negative marginal welfare effects from delayed taxation in Figure 2, we never-
theless find modest positive gains from a full lending reform. Studying Table 1 reveals that this is
due to the complementarities between lending and optimally choosing 7 and G (which were held
fixed when considering marginal effects). When implementing subsidized lending, the government
keeps G approximately fixed but increases 7. We can think of subsidized lending as being an alter-
native to a lump-sum transfer (G) that better targets those with low marginal utilities in period
1. When allowed this new transfer technology, the government chooses to engage in some lending,
financed via higher tax rates. Nevertheless, the extent is modest. The third column shows that
the government offers a loan (z) of about 0.017, which is about 3.3% of average period-1 taxes,

71f1w1. This is modest relative to the extent of delayed taxation at 31.2%.

Welfare gains when varying the severity of financial frictions. Figure 4 shows the welfare
gains from allowing the government to optimally delay taxes relative to the benchmark economy.
We plot the money metric welfare gains for different assumptions on r,. A higher 7, implies
higher marginal interest rates for borrowers and is thus a measure of the extent of financial
frictions affecting households. We see that welfare gains are low when 7, is low. This is both
because (i) there are modest gains from improving intertemporal consumption smoothing and (ii)
because the behavioral effect on labor supply is small. When marginal interest rates are already
low, delayed taxation also has a small effect on effective present-value tax rates, which renders
the welfare gains from reducing the distortions of taxation to be modest. The leveling off (i.e.,
the concavity for r, > 0.1) is due to individuals effectively ceasing to borrow when r;, becomes
large. Hence, additional increases in r; has little effect on individuals’ actual marginal interest
rates (and thus on their intertemporal marginal utility wedges).We demonstrate this in Appendix
Figure A.3.

20The combined effect of delaying taxes and increasing 7 is actually to slightly increase the effective period-1 tax
rate, but the fact that G; increases as well works to reduce l;ws.
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FIGURE 4: WELFARE GAINS FROM INTRODUCING DELAYED TAXATION
UNDER DIFFERENT ASSUMPTIONS ON BORROWING RATES

This figure plots the money-metric welfare gains from implementing delayed taxation on top of the benchmark policy
for different borrowing rates. Money-metric welfare gains equal the exogenous period-1 budget injection the government
would need to obtain the same welfare levels in the benchmark policy as with delayed taxation. These money-metric
gains are then divided by aggregate period-1 consumption in the benchmark economy.
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3.4 U.S. calibration

A distinct feature of our calibration is that a large majority of workers see real wage increases.
Accordingly, a majority wishes to borrow and thus more workers are affected by the financial
frictions. This creates an important source of welfare gains for policies that enhance intertemporal
consumption smoothing. However, it is useful to verify that the results apply to other settings
as well. We therefore use data from the Panel Study of Income Dynamics (PSID) obtained from
the replication package in Weinzierl (2011). To match our empirical setting, we consider workers
aged 20-30 in 1980 for whom Weinzier]l (2011) has calculated effective wages in both 1980 and
2001 (i.e., the same 21-year gap). We use then use these wage trajectories to provide numerical

solutions.

The U.S. calibration features very different wage trajectories (w},w}) (Appendix Table A.4)
than the Norwegian calibration (Appendix Table A.3). In the PSID, the median 21-year cumula-
tive wage growth is only 2% (0.1% annual). In the Norwegian data, median 21-year wage growth is
88%. Since heterogeneity in borrowing demand is solely driven by wage profiles in our framework,
there are substantially fewer borrowing constrained individuals in the PSID calibration. Hence,

welfare gains from policies that address financial frictions will be more modest. This is evident
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from Appendix Table 2, which shows optimal tax schedules and allocations for the PSID sample.
For example, we see that the government is a net saver in the benchmark economy (B < 0), and
the optimal tax schedule features average tax rates (taxes net of transfers divided by labor earn-
ings) that decrease with age. This is contrasts the Norwegian calibration where the government

borrows and ATRs increase with age.

TABLE 2: U.S. PSID SAMPLE: OPTIMAL TAX SCHEDULES AND ALLOCATIONS

This table provides statistics for different policy combinations as in Table 1 when the model is calibrated to the U.S. PSID
data. The first column provides statistics for the benchmark economy. The second column allows for delayed taxation. The
third column allows for subsidized lending. The fourth column allows for subsidized lending and delayed taxation. The fifth
and sixth columns consider an age-dependent baseline policy; and the seventh and eight consider an nonlinear-HSV policy.
The present value function calculates present values according to 1 4+ r. The (money-metric) welfare gain is the exogenous
shock to revenue that the government must experience in the benchmark economy to be equally well off as with the given
policy reform(s). This number is measured as a fraction of the aggregate period-1 consumption, Cj. Govt loan limit is the
uniform subsidized loan given under the subsidized lending reform. B is the amount the government borrows to satisfy its
first-period budget constraint. IL is the individual-level implied amount that the individual borrows from the government,
including delayed taxes (see Appendix H)

Tax schedule and allocations with r, = 20%

Benchmark + DT Lending + DT AD + DT HSV + DT

T1 0.63 0.63 0.63 0.63 0.58 0.58 0.63 0.63
T2 0.63 0.63 0.63 0.63 0.67 0.68 0.63 0.63
G1 0.48 0.48 0.48 0.48 0.47 0.47 0.54 0.54
G> 0.48 0.48 0.48 0.48 0.47 0.47 0.54 0.54
ar (HSV) . . . . . . 0.30 0.31
k: (HSV) . . . . . . -0.24 -0.20
1-6 0.00 0.07 0.00 0.07 0.00 1.00 0.00 0.04
Tdtaz 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Govt loan limit 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00
B 0.01 0.06 0.01 0.06 0.03 0.62 0.01 0.04
Welfare Gain, % C

(rel. to Benchmark) 0.00 0.27 0.08 0.27 0.64 1.29 0.31 0.44
A Welfare . 0.27 . 0.19 . 0.65 . 0.14
means

(TaxPaidy — G1) /w1 0.06 0.03 0.06 0.03 0.04 -0.01 0.04 0.03
(TaxPaids — G2)/y2 -0.06 -0.04 -0.06 -0.04 -0.06 -0.04 -0.15 -0.12

Nevertheless, we still find meaningful welfare gains from implementing delayed taxation,
ranging from 0.14% to 0.65% of GDP. On top of the benchmark policy, the government optimally
chooses a modest tax delay, 1 — §, of 7%, which delivers welfare gains of 0.27% of benchmark
GDP. This is three times larger than the 0.08% welfare gains from the subsidized lending scheme.
We also see that when the government can engage in both subsidized lending and delayed taxa-
tion, it effectively only chooses delayed taxation by setting the loan limit to ~ 0. Interestingly,
implementing delayed taxation on top of an age-dependent tax scheme doubles the welfare gains

relative to only implementing age-dependent taxation.
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3.5 Restrictions on government borrowing

We examine the potential welfare gains from delayed taxation when the government is limited
in how much it can borrow. We define the government borrowing amount as the period-1 budget
deficit, and limit this to some fraction, b, of benchmark GDP. Figure 5 shows that delayed taxation
delivers material welfare gains even when the government’s borrowing ability is limited. When the
government cannot increase borrowing at all, welfare gains are still 0.5%. Welfare gains increase
rapidly up to the point when the government borrows about 10% of benchmark GDP, indicating
that delayed tax reform can achieve substantial welfare gains even without substantial changes to
government borrowing. The caveat, demonstrated by the bottom green line in Figure 5 is that if
the government already engages in age-dependent taxation, larger borrowing amounts are needed

to obtain substantial welfare gains.

FIGURE 5: WELFARE EFFECTS WHEN THE GOVERNMENT FACES BORROWING
RESTRICTIONS

This figure plots the money-metric welfare effects (in units of aggregate period-1 consumption, C1) of implementing
either delayed taxation on top of the benchmark policy. The values of the x-axis denote the maximal increase in
government borrowing (period-1 deficit) the government from the benchmark policy (in benchmark GDP units). b =0
allows no additional borrowing. b = 0.10 allows the government to increase borrowing by 10% of benchmark GDP.
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4 Does delayed taxation already exist?

We define delayed taxation as a scheme in which tax payment, but not tax accrual, is (sub-
stantially) delayed. As we show theoretically, the benefits of delayed taxation arise when this
wedge is large enough to substantially reduce marginal borrowing rates between the time of tax
accrual and tax payment. While the use of this time wedge as a policy tool is novel to our paper,
there are several tax schemes in place today that have similar ingredients. Below, we discuss some

of these tax schemes and contrast them with our notion of delayed taxation.
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Non-withheld taxes. In the absence of employer withholding and estimated tax payments,
most employees would face a modest tax delay. Suppose taxes are due in April of the follow-
ing tax year, then taxes on earnings in January are delayed by about 15 months. While most
developed countries require employers to withhold taxes, not all countries require the entire tax
to be withheld. In Sweden, for example, the progressive portion of the income tax is sometimes
not withheld, meaning that some high-income Swedish workers face a modest lag in taxation on

marginal earnings.

Installment plans. While many countries allow for the use of installment plans to delay
the payment of tax liabilities, these tax deferral systems are typically not designed in a way that
resembles our concept of delayed taxation. In the U.S., for example, employers are required to
withhold federal income taxes, which means that taxes are paid immediately. The IRS does offer
(up to) 10-year installment plans for taxpayers in adverse financial circumstances, but only for
the balance due, i.e., the taxes owed less what has already been withheld. Thus, unless a taxpayer
expects tax liabilities to substantially exceed withholding amounts, the option to enter into an

installment plan will not dampen behavioral responses to labor income taxes.

Social Security. Mandating workers to save a portion of their income for retirement ef-
fectively amounts to a negative tax deferral. If we assume that Social Security contributions are
about 8% of pre-tax income and taxes are about 24%, then workers are effectively paying 133%

of their taxes today and getting 33% back in retirement.

The idea that social security contributions can reduce welfare in the presence of financial
frictions is not new. Hubbard et al. (1986) argue that when there are liquidity constraints, social
security contributions lead to reduced welfare and excessive saving. In discussing the paper,
Larry Summers notes that “reversing the direction of transfers” under social security would seem
a natural way to reduce welfare losses from financial frictions. However, the key point that
negative Social Security taxes (i.e., delayed taxation) can also reduce welfare losses from the
distortionary effects of income taxation is missing.?! The possibility that social security distorts
labor supply, however, is mentioned by Robert Barro (see Barro et al. 1979) when discussing the
potential crowd-out effects of social security on saving: “[...] the absence of a downward effect on
saving does not eliminate the harmful economic effects of the social security, system that involve

distortions of labor-market decisions.”

Capital gains. In most jurisdictions, capital gains are not taxed until realized. This effec-
tively allows taxpayers to delay their taxes indefinitely, especially if there is a step-up in basis at
death, as in the U.S. However, the underlying mechanism through which delayed capital gains
taxation affects behavior is very different from delayed income taxation. Since unrealized capital
gains are, in principle, difficult to consume, capital gains deferral does not facilitate intertemporal

consumption smoothing in the same way as delayed income taxation.

Student stipends. A case of delayed taxation is when student financial aid is based on

211t is also useful to note that the presence of an income limit (“maximum taxable earnings”) for Social Security
taxes limits the labor supply distortions for high-income earners. Social security contributions do not affect the
marginal effective tax rates of these earners, but only serve to exacerbate financial frictions that may increase
labor supply through an income effect.
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income levels. In the U.S., for example, the generosity of financial aid generally depends on
parental income. Thus, if parents work and earn more, the financial aid package may consist
to a greater extent of student loans. If we consider the family as a single economic unit, this is
essentially delayed taxation: higher earned income results in the accrual of a (de facto) tax to
be paid in the future. In Norway, the mix of financial support provided by the government does
not depend on parental income, but rather, mechanically, on the student’s own earnings while in

school. We discuss this in the next section.

Retirement savings accounts. Tax-deductible contributions to retirement accounts where
subsequent distributions are taxed as income (such as traditional IRAs in the U.S) effectively
delays income taxes for savers.?? However, these deductions are often capped at modest levels,
which means that many workers (who contribute the maximal amount) see no effect on their
effective marginal tax rate. Roth IRAs do not resemble delayed taxation since they do not involve
lower effective tax rates on income while saving (Beshears et al., 2017). Instead, they shield
eligible contributions from subsequent capital gains taxation. In addition, both traditional and
Roth TRAs are irrelevant for the labor supply decisions of constrained workers whose marginal

saving would go toward reduced borrowing as opposed to IRA contributions.

5 De facto Delayed Taxation in Norway

5.1 Empirical setting

Norwegian students receive monthly transfers from the government to pay for housing and
other consumption while pursuing higher education. Importantly, these transfers are a mix of
stipends and loans. If students earn above a certain threshold, each additional NOK of earnings
causes a reduction in the stipend amount which is offset by an equal increase in the student’s loan

balance.

Our empirical study focuses on the years 2004 to 2011. During these years, most Norwegian
students faced an earnings threshold ranging from NOK 104,500 ($17,000) in 2004 to NOK 140,823
in 2011. Monthly transfers ranged from NOK 8000 ($1,300) in 2004 to NOK 9785 in 2011. These
transfers are initially given as a loan, but 40% can be forgiven (converted to a stipend) as long as
students pass their courses and stay below the earnings thresholds mentioned above. Students are
notified of the amount of the transfer at the beginning of the academic year. These notification
letters include a breakdown of the transfers, noting the amount (40% of the total) that will be
given as a conversion loan, and stating that the conversion of the loan to a stipend is contingent
upon income being below an income threshold. The following year, students are notified how

much of their loan has been converted, based on grades reported by the educational institutions

22In the U.S., contributions to traditional IRAs are income-tax deductible and distributions are later taxable as
income. Under the assumption that marginal savings go into a traditional IRA account, this savings scheme
lowers the effective marginal tax rate in two ways. First, the nominal rate changes to the rate that workers expect
to face during retirement when the savings are distributed. Since retirement incomes are generally lower than
working-age incomes and the tax system is progressive, this channel lowers the nominal tax rate. Second, the
effective tax rate is reduced because savings in IRA accounts are not subject to capital taxation and thus grow
at a higher (pre-tax) rate of return.
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and income reported to the tax authorities. Loans must generally be repaid within 20 years of
graduation. No interest is charged while the student is receiving aid. Thereafter, interest rates
are slightly above the risk-free rate and loan payments can be delayed at the (former) student’s

discretion for up to a total of 3 years.?3

This study is facilitated by administrative data hosted by Statistics Norway. The key data are
derived from tax returns, including data on income, assets and debts of individuals. The sample
consists of students who received the standard student support for full-time studies for at least one
full financial year during 2004-2011. We restrict the sample to students who received a strictly
positive grant after conversion. This excludes students who are ineligible for debt conversion
because, for example, they live at home with their parents. This ensures that nearly all students

in our sample are subject to income-contingent debt conversion.

Summary statistics are given in Table 3. The average student is 23 years old. This is
reasonable given that high school graduation occurs at age 18 and that we condition on students
being enrolled in higher education for both semesters within a given year. The summary statistics
reveal a significant spread in the amount of liquid assets available to students. While students at
the 25th percentile have only NOK 8,000 ($1,300) in liquid assets, students at the 75th percentile
have almost ten times more. A similar spread can be observed in the liquid assets of the students’
parents. We also see that the average student earns around NOK 100,000 ($17,000), which is
a direct consequence of our sample restrictions caused by focusing on students around the debt
conversion threshold. Four years later, the average student has a much higher income of around
NOK 360,000 ($60,000).

TABLE 3: SUMMARY STATISTICS

This table presents summary statistics. The main sample period is 2004-2011. The financial vari-
ables are denominated in NOK. The USD/NOK exchange rate was around 6 in 2010. The main
sample is restricted to students who had earned income within 50,000 of the debt conversion thresh-
old. Liquid assets consist of deposits, investment funds and ownership of public shares. Labor
earnings are censored to be below NOK 1,000,000 in 2010 NOK. The Bottom Tax Threshold is only
considered for the years 2005-2011.

N Mean p25 p50 P75
Liquid Assets;_1 230,906 57,522 7,989 29,296 77,099
Liquid Assets;—1 (Parents) 214,419 429,326 59,805 176,471 460,545
Age 231,036 23.4 22 23 25
Labor Earnings; 231,036 101,394 81,156 98,536 118,966
Labor Earnings;+4 229,027 357,506 226,244 372,615 464,829
Debt-Conversion Threshold; 231,036 120,162 108,680 116,983 128,360
Bottom Tax Threshold: 198,815 36,706 29,600 39,900 39,900

Salience. In order to meaningfully compare the implied elasticity of the debt conversion
threshold with that of the regular tax thresholds, the conversion threshold must be similarly

salient. As one of the authors is a former participant in this program, we certainly believe this

ZThese generous terms differ from those offered in the U.S., where Gopalan, Hamilton, Sabat, and Sovich (2021)
document debt responses to minimum wage increases that are consistent with either student debt aversion or
very high perceived interest rates.
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to be the case. Beyond anecdotal evidence, however, it is useful to consider the magnitude of the
effective tax increase. A 50 percentage point reduction in the "net of debt” wage is unlikely to go
unnoticed. Moreover, students are informed of the existence of such a cap in a loan agreement
letter that they must sign, and they also receive letters informing them of any conversion that has
occurred. Even if students do not expect to receive a reduction in their debt through conversion,
they will want to read these letters to confirm that their institution has accurately recorded and
reported their academic progress. Non-passing grades in courses also reduce debt conversion.
Students are also informed of their annual student debt balances when they receive their annual

prefilled tax returns, which also include information about their income tax liabilities.

5.2 Bunching methodology

The purpose of the bunching method is to estimate earnings elasticity,

Ay*/y*

CCA-7) 3%)

where Ay* is the reduction in earnings of the marginal buncher who is at an interior optimum at
the debt-conversion threshold (i.e., the kink). The bunching mass is denoted B. By construction
(see Saez 2010 and Kleven 2016 for graphical intuition), B equals fyy:J“Ay* ho(y)dy, where ho(y) is
the counterfactual (absent a kink) probability density function of earnings. We apply the standard

approximation
y* +Ay* * *
B= [ ho(y)dy = ho(y) Ay (39)
y

Dividing through by y*, we may write the (approximated) relative change in earnings of the

marginal buncher as

Ay* B b
vt holyt)yr oyt

(40)

This is equation represents one of the central insights in the bunching literature, namely that the
marginal buncher’s earnings reduction caused by the kink is proportional to the excess mass at
the kink.

We empirically estimate b, the relative excess mass at the threshold, using the methodology
in Chetty et al. (2011), which we call the bunching estimate. The empirical analog of y* is the
(average) debt conversion threshold, expressed in the same units (thousands) as the empirical

earnings bins.?* We write our estimated compensated labor earnings elasticity as

/A\B/y*
AT/(1—1)

e =

(41)

24 Alternatively, we could multiply B and thus b by the width of the earnings bins (NOK 1,000), and let y* equal
the threshold in NOK.
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where A7 is the estimated change in the effective nominal tax rate occurring at the debt-conversion
threshold, and 7 is the at-threshold after-tax keep rate of 1 — 7 = 0.75.

5.3 What the bunching estimator identifies

In a standard dynamic model without adjustment frictions, the estimator € is conjectured to
estimate the Frisch elasticity (Saez 2010, Chetty 2012, Kleven 2016). An additional contribution of
our paper is to move beyond a conjecture and formalize the identification arguments in Appendix
D.1. We state the full theorem (applicable to settings with or without delayed tax payments)
and provide the proof in Appendix D.1. When there are no labor-supply adjustment frictions and
preferences are additively separable as in our calibration (equation 36), the bunching estimator

identifies:

1

bunch

€ = ®@p —
Delayed Taxation

—_——
PV Adjustment Income-Effect Adjustment

k, (42)

Structural Frisch

where Qp € (0,1] is a present-value adjustment for (delayed) tax payments, ¢ is an income-effect
adjustment factor, and k is the structural Frisch elasticity. The standard assumption that income
effects are effectively zero in dynamic models (Saez 2010, Chetty 2012, Kleven 2016) amounts to
setting ¢ = 0 in our framework. The argument is that income effects have a small impact when

they are smoothed out over a long life-cycle. According to our Theorem 1,

(1-1)y*

—k.g-
o=k o

(43)

where o is the inverse of the elasticity of intertemporal substitution and is the ratio of

(I-7)y*
W
the buncher’s after-tax current income to wealth (present-value life-time incomes). If we disallow
saving (and the intertemporal Euler equation does not hold), W should instead equal the concur-

bunch

rent period’s disposable income. In which case, , as defined by equation (42), exactly equals

the Hicksian elasticity.

If we specify quasi-linear preferences (i.e., u(c) = ¢), then income effects cease, the Hicksian

and Frisch equate, and thus gPuneh

exactly equals both the Frisch and the Hicksian. However,
with standard concave preferences (o > 0) and finite life-cycle horizons, income effects may play
an important role. Financial frictions, in particular, may amplify these income effects since higher
marginal interest rates mechanically lower the present-value of future earnings (thus decreasing
W and increasing ¢). Hence, in our setting, it seems ex-ante important to account for income

effects.

Once we discuss our specific estimates, we also account for the role of adjustment frictions

in creating a wedge between structural and estimated elasticities (as in Kostgl and Myhre 2021).
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We then consider our estimator to consist of four terms.

bunch 1
€ = QD : 1+ ¢ C : k7 (44)
~—_———
Delayed taxation F ; Adjustment-friction bias Structural Frisch
PV adjustment Income-effect adjustment -

We provide additional discussion of our identification results and some numerical examples

in Appendix D.1.

5.4 Bunching at the debt-conversion (de facto delayed tax) threshold

Figure 6 summarizes the empirical analysis. Panel A verifies that earnings above the threshold
lead to an increase in debt in the next period. Most students are on the expected kinked trajectory,
where each additional NOK of earnings increases debt by NOK 0.50. The blue fitted line illustrates
how we obtain our first-stage measure of the effect of excess earnings on debt accumulation. We
find that the slope increases by 0.47. This is close to the nominal increase of 0.50 because there

are very few non-compliers.?” In terms of the previous notation, this means that AT = 0.47.

In Panel (B), the yellow dotted line shows the distribution of students around the earnings
threshold. The green line is the counterfactual distribution, which is a 5th order polynomial
fitted to the non-bunching region. By comparing the actual and counterfactual distributions, we
obtain a measure of the excess mass of individuals near the threshold. This provides a bunching
estimate, b, of 1.21, which means that there are 121% more individuals around the threshold than
the counterfactual distribution implies. Dividing 1.21 by the average threshold amount (120.162
in NOK 1,000s) and again by the relative reduction in the take-home rate, per equation 41, we
obtain a remarkably low elasticity of labor earnings to the net-of-tax (or net-of-debt-increase)
wage of 0.0162.26 The standard error is 0.0013.%7

2530ome non-compliers exist, for example, because they may have moved in with their parents during the fall
semester, which would exclude them from receiving a conversion for fall semester loans. Such moves must be
reported to the Educational Loan Fund, but not to the tax authorities from which we receive address data.

26T hese calculations do not adjust for the fact that any debt accumulated while in school is interest-free. Adjusting
for a 3-year 3% interest discount would increase the elasticity by about 9%.

2"We ignore the (very small) estimation error in A7.

38



FIGURE 6: BUNCHING AT THE DE FACT DELAYED TAX THRESHOLD

Panel (A) shows a scatterplot in green of the relationship between debt accumulation and student earnings around the debt
conversion threshold. This verifies the kinked and delayed (debt) tax incentive. The fitted blue line illustrates the estimate of
the effect of earnings above the threshold and accumulated debt. Panel (B) provides a graphical illustration of the bunching
estimate. The orange fitted line shows the actual distribution of students around the conversion threshold. The fitted green
line shows the estimated counterfactual distribution. The bunching estimate provides the relative excess mass (actual versus
counterfactual) of students near the threshold. This is done using the Stata .ado file provided by Chetty, Friedman, Olsen,
and Pistaferri (2011). This program calculates the excess bunching between NOK -10,000 and NOK 6,000. Standard errors
are calculated from bootstrapping (1,000 replications). All plots show statistics from the pooled sample years 2004-2011.

Panel A: Scatter plot with piece-wise linear fit Panel B: Bunching plot
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This analysis shows that students are remarkably unresponsive to de facto delayed taxation.
However, if we account for the delayed taxation effect, the elasticity estimate squares well with
recent evidence from Kostel and Myhre (2021) who estimate a structural frisch elasticity of 0.3
and a downward bias (due to adjustment frictions) of 70%, which translates into k& = 0.3 and
¢ = 0.3. If we assume a risk free rate of 2% and an average marginal borrowing rate among

students of 20%, we can quantify our expectation of the the elasticity in equation (44).

1+20% 1+8.33%

Delayed taxation effect Income-effect adjustment Net of adj. frictions Structural Frisch

10
o] = <1+2%) o .o(1-07) - 03 — 0.01636, (45)

which is virtually identical to the elasticity that we estimate.

In robustness checks, show that the results are virtually identical when considering students
employed in likely highly flexible hospitality and sales positions in Figure A.2. This suggests that
the small elasticity is in fact due to a delayed taxation effect as opposed to higher adjustment or
optimization frictions among students. We also find qualitatively similar results when we consider
bunching around the conversion cap. Here, additional earnings no longer increase student debt
because students are no longer eligible for any conversion from loans to stipends. We report these
results in Figure A.1. We find that the bunching estimate is negative, in line with theory, but
statistically close to zero (t-stat=-1.64).
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5.5 Determinants of non-bunching

We now examine potential determinants of this (non-)bunching behavior. Our main approach
is to plot students’ characteristics against their position relative to the conversion threshold.?®
This is a visual exercise in which we try to draw conclusions from visual breaks in the rela-

tionship between a given characteristic and students’ earnings that occur around the conversion
threshold.

In Figure 7, Panel (A), we see that the amount of ex-ante liquid wealth drops sharply just
above the threshold. This suggests that non-bunchers have less liquid assets, which is consistent
with these students being financially constrained. Panel (B) of Figure 7 shows how future labor
earnings vary with the student’s position relative to the threshold. This shows no sharp increase
or decrease in realized future earnings above the threshold, suggesting that non-bunchers do not

differ significantly in terms of medium-term earnings prospects.

Taken together, these results highlight financial frictions as a key channel driving the insensi-
tivity to the conversion threshold. Those who earn above the threshold have similar future earnings
prospects, but hold significantly less liquid assets. Holding fewer assets may both causally affect
the extent to which agents are constrained and be a proxy for financial frictions, as it indicates a

preference for smoothing consumption toward the present.

To investigate this liquidity channel further, Panel (C) of Figure 7 shows how parents’ liquid-
ity correlates with the student’s earnings location. This documents a notable negative relationship
between parents’ financial resources and the child’s in-school labor earnings. This suggests that
parents play an important role in determining the amount of time students are able to devote
to their studies. More relevant to the present study is the finding that parental wealth declines
just above the earnings threshold. This suggests that non-bunchers have access to fewer financial
resources, which is consistent with financial frictions playing a key role in the observed non-
responsiveness to the conversion threshold. However, wealth may be a proxy for human capital,
which influences tax responsiveness (Bastani and Waldenstrom, 2021). Therefore, we plot parental
education on the y-axis in panel (D). This shows that there is no break in the relationship be-
tween educational attainment, measured by the maximum number of years of schooling of the
parents, and the position of the child relative to the conversion threshold. This argues against
the hypothesis that fewer resources, in a human capital rather than a financial sense, can explain
the irresponsiveness to the threshold. If anything, extrapolating from the relationship below the
threshold, non-bunchers may have more highly educated parents. To the extent that this is cor-
related with students’ lifetime wealth, it may explain some of the students’ desire to front-load

consumption by taking on higher student loans.

28 Another application of this type of analysis can be found in the concurrent work of Bastani and Waldenstrém
(2021), who examine how ability covaries with taxpayers’ position relative to a regular tax threshold to infer the
ability gradient in tax responsiveness.
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FIGURE 7: CHARACTERISTICS OF STUDENTS BELOW AND ABOVE THE
INCOME-CONTINGENT DEBT-CONVERSION THRESHOLD

The graphs below show the financial characteristics of students near the threshold. Panel A looks at students’ liquid
assets. These consist of deposits, stocks, bonds, and mutual fund holdings. Panel B shows future log labor earnings
measured 4 years later. Panel C shows the amount of liquid assets held by the student’s parents. Panel D shows
the educational attainment of the parents, measured as the maximum number of years of schooling among the set of
parents. Standard errors, used to provide 95% confidence intervals, are clustered at the student level.

(A) Liquid Assets at t-1 (B) Labor Earnings at t+4

Income - Limit

o
o 8 4
2
7. 0 i
2 I 2 i @
2 n [} c ]
5o 4 [ ] . S o . " [ ]
2 a i w .
g [e) n
:',Y_ -g u [
5 Rl [ ] i ) | .
b=t n
o 3
' T T T R T T T
-50000 0 50000 ' -50000 0 50000
Income - Limit Income - Limit
(C) Parents' Liquid Assets at t-1 (D) Parents' Years of Schooling
N © -
|
:Tf'_ 1 ] .E)q: T r
. b |
[ . [3) [
T o - =7 (70} 3
3‘ M S o A L]
= o s
o, [} o [ ]
o [ ] ' . g " ¥ [ ] ™
o < iy
! T T T T T T
-50000 0 50000 -50000 0 50000

Income - Limit

5.6 Bunching heterogeneity

We proceed with a complementary, more standard approach to examine the heterogeneity in
the earnings sensitivity to the threshold in Figure 8. This approach splits the sample into subsets
based on student and parental characteristics to compute heterogeneous bunching elasticities.
We see that the largest contribution to the total excess mass in the previous figure 6 comes from
students who themselves and their parents have above-average liquid assets. Figure 8 also suggests
that the main driver of bunching responses is parents’ rather than students’ own liquid assets.
Moving from the left to the right panel, which improves parental liquidity, more than doubles the

bunching estimates.??

29In this case, it doesn’t matter whether we compare the excess mass in terms of students or earnings, since the
bin widths and thresholds are the same.
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FIGURE 8: HETEROGENEITY IN BUNCHING BY AMOUNT OF LIQUID ASSETS

These plots calculate the bunching elasticity for different subsamples. Students are divided into four subsamples based on
whether their and their parents’ Liquid Assets;_1 are below or above the median. These medians are computed separately for
each year in the sample.
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What can this heterogeneity tell us about how the severity of financial constraints varies
with liquidity? In Figure 8, we see that the excess mass increases from 0.72 to 1.84 as we move
from below to above the median for both student and parent resources. The corresponding labor
supply elasticities change from 0.0096 to 0.0246. We first assume that the structural parameters
(k and o) are constant, and that the delayed tax is repaid after D = 10 years (equal to the average
maturity on student loans). We can then using our expression (44) for the expectation of the

estimator, é, to write the ratio of estimands as

b 1 10
0.0246 chove § T+ Pabove k _ (1 + Tb,below) 1 + Qabove (46)

0.0096 N bDelow f m 1+ Tb,below 1+ ¢below .

We note that the income-effect adjustment, ¢, also depends on Q” through life-time wealth (see
Theorem 1 in Appendix D.1.2). Ignoring this dependence (i.e., assuming same income-effects

adjustments in the two samples), we get that

1 4 rgbove (0.0246) 1/10
~ = 1.0987 A7
(1 + r;;elow> 0.0096 ’ (47)

which says that the marginal interest rate is 1.0987 times greater for the below-median liquidity
group. This corresponds to an 11.3 percentage point difference (assuming a baseline 7, = 15%).
Accounting for differences in income-effects adjustments produces a slightly moderated 10.53

percentage point difference (see Appendix D.2.1). This is a substantial difference in marginal
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borrowing rates. While our theoretical framework allows us to calculate implied differences in
marginal interest rates, we cannot derive them directly from the data. First, while we can calculate
average interest rates on debt, we do not observe true marginal interest rates due to credit
rationing through rigid credit card limits. These limits are likely small (or even zero) for students

with relatively low incomes and short credit histories.

5.7 Analysis of bunching at a regular tax threshold

In this section, we repeat the introductory analyses performed in Figure 6 using a tax thresh-
old instead of the debt conversion threshold. The purpose of this exercise is to obtain a reference
estimate of the implied labor earnings elasticity at a tax threshold at which marginally accrued
taxes are not delayed. We focus on the first tax threshold in the progressive income tax system.
This threshold was NOK 30,000 in 2005-06 and NOK 40,000 in 2007-2011.3® At this threshold,

the marginal income tax increases from 0 to about 25 percent for most taxpayers.
FIGURE 9: BUNCHING AT A REGULAR TAX THRESHOLD

The first and second plots show the relationship between labor income (“pensionable income”) and taxes accrued in that
year (payable in the same or next year) in the form of a scatterplot and binscatterplot, respectively. The third plot shows
the distribution of students around the income tax threshold. The fourth plot calculates the bunching elasticity in terms of
the implied excess fraction of students in the NOK 1,000 bin directly to the left of the threshold using the Stata .ado file
provided by Chetty, Friedman, Olsen, and Pistaferri (2011). This program calculates the excess bunching between NOK
-10,000 and NOK 6,000. Standard errors are calculated from bootstrapping (N=1,000). All plots are statistics from the
pooled sample years.
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30We omit 2004. In that year the threshold was only NOK 23,000, which significantly reduces the size of the left
tail we can use to estimate a counterfactual distribution.
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In Figure 9, we examine this complementary empirical setting. Panel (A) provides a scat-
terplot that verifies the presence of an increase in the marginal income tax rate by plotting total
taxes accrued in the year against income. It also provides the fitted line, from which we infer an
average increase in the marginal tax rate of 19 percentage points at the threshold. The coeffi-
cient is lower than the nominal increase of 25 percentage points because some individuals may be

eligible for higher standard deductions.
Panel (B) illustrates how the bunching estimate of b = 0.91 is calculated. While this bunching

estimate is smaller than that found at the debt conversion threshold, this one-to-one comparison is
uninformative for two reasons. First, we must divide 0.91 by the threshold (36.706 in NOK 1,000)
to obtain a relative reduction in earnings for the marginal buncher of 2.48%. This is already larger
than the reduction we found at the debt conversion threshold of 1.00% (1.21 divided by 120.162).
Second, we need to take into account the fact that this is in response to a smaller increase in the
marginal (nominal) tax rate. Dividing 2.48% by the relative reduction in the after-tax rate of
19.6%/100%, we get a more substantial elasticity of 0.1301.

In Panel (B), we see that the bunching mass occurs at the mode of the distribution. If the
location of the mode is not driven by students’ responses to the tax threshold, then the co-location
of the mode and the threshold could lead to an upward bias in the bunching estimate. To address
this concern, we show in panels (C) and (D) that the location of the mode is driven by the
location of the tax threshold. From 2005 to 2006 and from 2007 to 2008, there was no change in
the mode of the distribution. However, when the tax threshold increased from 2006 to 2007, the
mode followed exactly. This reassures us that there is indeed substantial responsiveness to the tax

threshold that is not driven by a coincidental co-location of the mode and the threshold.

The elasticity of 0.13 is eight times greater than the elasticity of 0.0162 found in the analysis
of responsiveness to the debt conversion threshold. For these differences to be consistent with
the same structural Frisch elasticity, k, we need quite high interest rates. If we assume that
structural preference parameters, adjustment frictions, and the income effect adjustments are the

same across samples, we can use expression (44) to infer that

delayed tax
0.1301 D) _ delayed tax
—  yregular tax YD ’
0.0162 — Qe

(48)

0.0162
figure is comparable to average credit card rates, which are slightly above 20%.3! The fact that

1
which implies an average annual interest rate over 10 years of (0'1301) ' 1 = 23.16%. This

the implied average borrowing rate (or marginal interest rate to be more precise) is slightly above
interest rates on credit cards implies the presence of credit rationing. Some students would be
willing to borrow at very high interest rates but are unable to obtain credit due to being a student

or have exhausted available credit card limits.

We can use this implied elasticity to get an idea of how much bunching would be caused

by the debt conversion threshold in the absence of financial frictions. In other words, how much

31Qource: Statistics Norway’s Statistics on Interest Rates in Banks and Credit Institutions, source table 12844,
2019Q4: 21.6%
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bunching would there be in Figure 6 if students responded to the debt conversion threshold as if it
were a regular income tax threshold? To find out, we reverse the calculation used to derive labor
supply elasticities from the bunching estimates. This yields a counterfactual excess-mass estimate,

b, of 23.43.32 This is considerably larger than the empirical bunching estimate of 1.21.

FIGURE 10: CONTRASTING CHARACTERISTICS OF BUNCHERS AT THE DELAYED TAX AND
REGULAR TAX THRESHOLDS

This figure shows how financial characteristics vary across the delayed tax threshold (blue squares) and the regular tax
threshold (orange triangles). Panel A looks at the propensity to take out unsecured loans, defined as having interest
expenses of more than NOK 1,000. For this sample, we exclude students who, according to the tax authorities, own a house,
car or boat. Panel B considers log liquid assets, where liquid assets consist mainly of deposits, but also stocks and bonds.
For each threshold, using observations for 2007-2011, we regress the y-variable on earnings-bin fixed effects. We control for
year fixed effects and third-order polynomials in the student’s age and (max) years of parental education. The bin width is
NOK 2000 and is based on the distance between labor earnings and the applicable threshold.
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Figure 7 shows that those who bunch at the delayed tax threshold have more liquid wealth.
This is intuitive because more constrained students have higher marginal borrowing rates on
average and are thus less sensitive to a tax that is payable in the future. However, it is useful
to show that proxies for financial constraints matter more for delayed tax bunching than for
regular tax bunching to rule out the possibility that financial frictions are simply correlated with
labor supply adjustment frictions. Accordingly, we empirically investigate whether regular-tax
bunchers also appear to be more or less constrained, and we contrast this with the characteristics
of bunchers at the delayed-tax threshold in Figure 10.

Panel A shows that the delayed tax non-bunchers are significantly more likely to rely on
unsecured debt, such as credit cards or consumer loans. In the regular tax sample, however,
there does not appear to be a systematic relationship between whether someone bunches and
their unsecured borrowing. Panel B looks at liquid assets. In the delayed tax sample, we see that
bunchers have more liquidity and that those earning above the threshold have significantly less
liquid assets. In the regular tax sample, we do not see strong deviations for bunchers, but moving

to the right, we see that non-bunchers appear to have less liquid assets.

32-0.13*(120162/1000)*(75/50)
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5.8 Accounting for differences in observables when comparing elasticities.

In this section, we pool the samples used to examine bunching at the debt conversion (delayed
tax) and regular tax thresholds. We develop a regression-based approach that allows us to compare
the underlying elasticities while holding observables fixed.?3 This addresses the fact that higher
earning students in the debt-conversion sample may have different characteristics than those in
the lower earning regular tax sample. We want to address the fact that differences in observable
characteristics, such as occupation, may partially explain differences in bunching behavior due to,

for example, differences in labor supply adjustment frictions.

We first define the individual-level elasticity as

i =

1[y; € BR,] — P°f (y; € BRy) -
= : 1/y: AT /(1 —73)), 19
Pef(y; € BR,)/NBR bins /y /( 7s/(1 —75)) (49)

b;

where P¢/ denotes the estimated (counterfactual) probabilities of being in the bunching region in
the absence of any tax or debt conversion kinks. This is estimated using the frequencies in the

NBRBIns jg the number of bins in the

earnings bins around the bunching region as in Saez (2010).
bunching region. b; as defined by the curly braces is the individual-level excess mass, the sample-
specific mean of which provides an estimate of the relative excess mass at the given threshold (see
Appendix D.5). By multiplying further by the ratio of bin widths to the mean threshold value
and dividing by the relative change in the after-tax wage, we obtain e;. The s sample mean, E , of
e; provides an estimate of the implied earnings elasticity. For the delayed tax sample, this mean

is about 0.0155, which is very close to our baseline estimate of 0.0162.34

We then estimate regression equations of the following form.
e; = a + fBl[regular tax sample]; + 7' X; + &, (50)

where y; is the individual’s labor earnings and X; is a vector of individual-level observables, such
as the worker’s 4-digit occupation code, if available. We report the results of varying the contents
of X; in Table 4. To find the estimated relative increase in e in the regular versus delayed tax

samples, we divide B by the delayed-tax sample mean of e;.

333ee Ring and Thoresen (2021) for a related method that uses regressions of a bunching indicator on observables
to infer bunching heterogeneity.

34The new estimate for the regular tax sample is about 0.2, which is larger than our baseline estimate for the
regular tax threshold of 0.13. However, the graphical evidence in Figure 9 shows that this is likely to be a very
conservative estimate. Differences arise because in the regression-based approach we take the simpler approach of
estimating P°'s using the observed number of observations in the two income bins just below and the two income
bins just above the bunching region, BR; (as in Saez 2010), rather than estimating a higher order polynomial
(as in Chetty et al. 2011).
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TABLE 4: REGRESSION-BASED APPROACH TO ACCOUNT FOR DIFFERENCES ON OBSERVABLES
IN DELAYED AND REGULAR TAX SAMPLES

This table presents the results of the regression-based approach to comparing labor supply elasticities in the delayed and
regular tax samples. The estimated relative elasticity difference is calculated as the coefficient on 1[regular tax sample]

divided by E[ei | s = delayed]. We only keep observations for which we observe an employer-employee relationship, and

thus can assign NACE and occupation codes based on the student’s highest paid job within the year. Standard errors are
shown in parentheses.

1) (2)

Estimated Relative Difference in Elasticity

—
€regular —€delayed

7.20 6.10
€delayed
(:59) (.61)
Underlying Regression Coefficients
1[regular tax sample] 0.0969*** 0.0787***
(0.0093) (0.0094)
Male 0.0360%** 0.0414%**
(0.0100) (0.0102)
Age -0.0434*** -0.0410%**
(0.0022) (0.0022)
College, parents 0.0501** 0.0442**
(0.0204) (0.0205)
Years of schooling, parents 0.0056 0.0070**
(0.0035) (0.0036)
N 393443 390177
R2 0.01 0.02
Ele; | s = regular] 0.2031 0.2032
Ele; | s = delayed] 0.0156 0.0154
FEs 4-Digit Occ 4-Digit Occ x NACE2

The main finding is that the relative difference in labor supply elasticities is about 7.20 (CI
= [6.04, 8.36]) once we control for sex, age, parental education, and 4-digit occupation fixed
effects. When we include narrower 2-digit industry interacted with 4-digit occupation code fixed
effects, the relative difference is 6.10 (CI = [4.90, 7.30]). This is slightly less than the relative
difference obtained by simply contrasting the implied elasticities from the bunching analyses, but
the qualitative implications are the same: to rationalize a 6.1 times higher elasticity, we need an
average marginal interest rate of 19.82%=6.11/10-1.

We note that the methodology developed here can be used in other settings where one wishes
to compare responses to different kinks. It is important to note that the standard definition of
relative excess mass, b, produces a measure that is not invariant with respect to bin width. The

implied elasticity, however, is invariant because y* is expressed in bin-width units.
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6 Discussion

When workers are unable to borrow against future earnings, the timing of cash flows (and
especially tax payments) becomes an important policy tool. This is recognized in the existing
literature on age-dependent taxation, but not fully exploited. We propose a simple policy tool,
delayed taxation, that both addresses the welfare losses from credit market imperfections and
exploits them by reducing the distortionary effects of income taxation. Delayed taxation allows
agents to delay the payment, but not the accrual, of income taxes. This decoupling is a novel
feature of our study. From a horizontal equity perspective, it is attractive in that substantial
welfare gains can be achieved without conditioning tax rates on taxpayer characteristics such as
age.

Our numerical analyses show that the welfare gains can be substantial. Overall, the results
highlight delayed taxation as a promising new tool in optimal taxation and a fertile ground for
further theoretical and empirical research. Towards the latter, we make some progress by studying
a de facto delayed tax scheme affecting young workers in Norway. The empirical results confirm
one of the key mechanisms in our model, namely that delayed taxation reduces the distortionary

effects of income taxation when workers are financially constrained.
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Online Appendix

A  Proofs

A.1 Proof of Proposition 1

Assuming 71 = 7 = 7, differentiating the Lagrangian of the government’s optimization

problem with respect to 7 and setting it equal to zero, yields

_Z ( y1+([1—5]( +r)y1+y2>u2 )+)\Z7r <Z Cigfl—i-lir

Substituting in for g/ and rearranging yields

i AR if i dy{ 1
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(A2)
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Equation (27) follows by re-arrangement and using the operator F;[x] = 3, nlyiz, t = 1,2.
Condition (29) follows by noting that the the FOC for G can be written as:

i i 1 dyt 1 dys
Zw (u’(cl)+6ul(02)> :)\Zﬂ' <1+1+T_Tdé _T1+rdG2>' (A4)

A.2 Proof of Lemma 1

We assume that R'(s’) is well-defined and constant for marginal changes in economic incen-
tives. When using the piecewise-linear parametric formulation of R(s) where the marginal interest
rate is higher for s < 0, we require that s* # 0. Under these assumptions, substituting the Euler
equation into the FOC for ¢ and re-organizing the life-time budget constraint reveals that § and
7 only enter in a multiplicative manner, which implies that their effect on labor supply is closely
related. More formally, we start with the FOC for £;. Define 6 = § + (1 — 5)%. Using the
expression derived in (D39), we can write:

i i wi 1—m7 2u// Ci ul’ ci i i i i ~i
ar u' () wh {1 + (1 — L v,,g()é) ( 2)> u//ECigﬁR/%siy] — fuwjug(cwi (1 -7)
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(A5)

From this, we see that marginal changes in § and 7; only affect [; through the term 7 = 7[1 —
(1 —6)A%]. To obtain the desired result, note that 6 = § + (1 — 0) Rl,‘(:?;) =6+ (1-0)(1—-A) =
1 — (1 —0)AL, so that 61y = 7. We can then write:

e dey d(é'my)  de dF (A6)
d(1—38)  d(dir)d(l—0) d(F)d(1-¢)

e, det d(6'm)  det dF (A7)

dl—71)  d(6m)d(l—71) d(F)d(l—7)
Since 7 = 71[1—(1—6)A%], we have d(‘iifi;) = 1 Al and d(ldijfrl) = —(1—(1—6)AL). Therefore:
dr; A dart : e
= LS =T"(0)—— A
d1-¢6) 1—(1-96)ALd(1l—m) ( )d(l—n)’ (A8)

which establishes (30) for ¢t = 1.

For ¢t = 2, substitute the Euler equation (9) into the period-1 intratemporal FOC (11) to
relate /1 and ¢y, differentiate to relate d¢; and dfe, and substitute into (A5). Then the above
logic applies, since marginal changes in § and 71 only affect £, through 7/, yielding the ¢t = 2 case
of (30).

We may also note that the optimal solution (¢, ¢, £1,¢2) to the individual’s problem is given



by the solution to the following set of equations:

uf () w! (1 — Tlgi> = (4y) (A9)
/
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The first condition is just (11), obtained by inserting the intertemporal FOC (9) into (7), the

second condition is obtained by inserting (9) into (8), and the third constraint is just the life-

time budget constraint.?® Thus, the optimal individual allocation (and any comparative statics

exercise) only depends on 71 and & through the term 716°. Note that (715 ) — §i and 4md) _

T ds
51 (1 — %) Thus, we have that
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Substituting from (A12) into (A13), we get:
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Converting to the (1 — ¢) and (1 — 71) forms (noting that % = —41 and % = Zﬁi) we
obtain:
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which establishes (30) for ¢ = 1. The proof for ¢5 is analogous.
35The latter is derived by noticing that
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y1( 1) + Ton



A.3 Proof of Proposition 2

We first differentiate the Lagrangian of the government’s optimization problem with respect
to 1—§ and invoke the envelope theorem on the V; terms. From the budget constraint 71y} [1—(1—

5)Afn,g], the derivative with respect to (1 — J) gives both behavioral and mechanical effects:

ZW "(er)miyr — Bu'(c2) (1 + r)Tiyn) +

i dy{ 1 dy% A il _
)\Zﬂ' < —)A] ]d(l—é) +7—21—|—Td(1—5) Ar’gﬁy1> =0. (Al6)

We then assume s’ # 0 and use Lemma 1 to substitute behavioral responses. The coefficient on

period-1 responses is 71[1 — (1 — 5)Af,7g], which after applying Lemma 1 becomes:

1 i dy%
FO) o=

(ml ~ (- o)Al )

= + 7 T — Afn’gﬁyi> . (A17)

We use the Slutsky equation to rewrite d(f yiﬁ) = < d(fyiﬁ)) + Y155 d and the cross-price Slutsky
equation to rewrite d(fﬂéﬁ) = ( d(f%ﬁ)> +yig dy2 . The expression above becomes

(Tl[l = (1= 8)AL,IT" (8) { (d(ldflﬁ)) " ylcclléll} ’

1 i dy% ‘ dy2 Al
rrt O () Hvi |- et @

Further rearranging and using elasticity notation yields

1 o ie d
yi [1— (1 6)AL I (5) ({7161’,“1 +(1- ﬁ)ﬁyl}

1—7’1

1 Y2 e dyo i i
+1+ {7’2?621 " —|—(1—7’1)7’2dGl }) _Ar,ngyl' (Alg)

Further using the definitions p’ = ﬁ (lezi {1 —(1- 5)A$7g} + ?f_’é), we may now rewrite the

government’s FOC with respect to 1 — § as

;o 1 : ; Fi ) T . i.c
Yy (ANT )+ SO (- - At

T1 177’1

1 T2 y2 i,c 7
+1+r1—7'1y1821 TP

—AY wAL iyl = 0. (A20)



Using the definitions of g¢ and g} and re-arranging yields:
n Y w98 —gh) = = Yo m AL
i i
- St o) (
i

[1 - (1 - 5)Ai,g]51f,cl

—T1

1 T2 yQ i,c i
1—|—7“1—7'1y1621 -n TP

1—’7’1

(A21)

Using Lemma 1 yields (31).

A.4 Proof of Corollary 1

Using the derivations from the proof of Proposition 2 (see Appendix A.3), and setting 7 =

79 =7 and é = 1 as assumed in the corollary, we have:

L aw IR 11 4, : ‘
< =71E E; |TAL Zelt 4ot | - Ei[rAL )
Ad(1=6) 15— - l( 92)+ s (17811+1+r17yig21+p 7 T,g]
(A22)
Using the intertemporal optimality condition g = gt Rl, & ”), we get (gi — gb) = g} {1 _ Rl/J(r;;)} _

gt Al for borrowers. Given the piecewise linear return technology with R'(s') = 1+r when s* > 0
and R/(s') = 147, when s < 0, and noting that welfare effects only arise from borrowers (A% = 0

for s* > 0), we obtain:

Xma 1—T Z |: y191+A y1511+A§,1+r1 y2521+Ary1p _ylAZ7g:|'
i:51<0
(A23)
Substituting gt = ul(;zl) and rearranging to match the corollary statement completes the proof.

A.5 Proof of Lemma 2

We calculate the welfare effect as if everyone accepts the loan. Because, if s° < 0, then agents

would strictly prefer to accept, if s* > 0, then agents are indifferent.

%:Zﬁ(u/() (1+7)pu(c )-l—)\z (dyl 1—17“%1%) (A24)

From the agent’s perspective, as long as s’ # 0, a loan of dz is equivalent to dG = (1 IJ(”)) dx.
This follows from using the period-2 budget constraint to replace s® in the period-1 budget con-

straint. Therefore, we can rewrite the above expression as

Zw( —(1+7)Bu(c )+)\Zﬂ'< 1+T)>( cCZZZC/?ll+1j—7“ ;%i) (A25)




Further rearrangmg and using the fact that for government lending (with § = 1), our definition

of p' reduces to p' =7, dgll + ggﬁ
1dW il i i i 1+7rY\
The last step follows by realizing that g4 = 2 (Hrlul(cé) = ul(}\ci) Rl,J(;C-) gt Rl,(”) and that R'(s) =

1+ r when s > 0.

A.6 Proof of Proposition 3
Multiplying (33) in Lemma 2 by g1 = ;.50 7'y} yields:

y1 dW

A s = > wgl + 0. (A27)

1:51<0

From Corollary 1, we have:

1 dw ; o 1 o 1. o
- — Aot gl A 2 4C 2 Zﬁ) Ayt ot — Az
Nd(1=0) |,y Z w Ao+ A <y1€11 T )t | -7 Z )
1:5'<0 1:5'<0
(A28)
From Lemma 2, we know that:
1dWw o
N de = A, Z (gt +p') — A, Z AL (A29)
1:8t<0 1:5'<0
Therefore:
_ 1dw S . i
TV Y =TA, Z m'y1(g] + p') — TA, Z LT VAV (A30)
T lo=1 i:51<0 irs<0
Substituting this into the corollary expression and rearranging:
1 dW 1dWw ; 1
- — . A, ghe zc)
N1 0) |, U Ndr s O 2T ( 11+1+ vae
7:51<0
7AW =gl —TA D T - et T D T — )AL,
i:8t<0 i:81<0 i:8t<0

This establishes (35).

B Extension: Age-dependent taxation

Consider an age-dependent tax system, allowing 7 # 75 that may be combined with an
age-dependent transfer system, allowing G; # G2, while considering a fixed amount of delayed

taxation 1 — 4.



Proposition 4 (Optimal Age-Dependent Taxation) Consider the optimization program (18),

with some fized value of 1 — 9.

(i) The optimal marginal tax rates (11, T2) satisfy:
Zﬂz%[ﬁ 1— 92} Zﬂz% 1—7 Ell+1+r7’ y’€21 ) ( 1)
i
. . . T . 1yi .
> 03] = 3wt [1 ~i—m ( ++n )] . (B2

(i) The optimal transfers G1 and Go satisfy:
Srigi =S [1- 4] (B3)
1+r
Zﬂ'g2 ZT&' [1—pR/( )] (B4)

Proof. Forming the Lagrangian expression of the government optimization problem defined above
and letting A denote the multiplier attached to the government’s budget constraint, the first-order

condition with respect to 7 is

dyi T dyb

_ZW H(Gur () + 1= dlu ()ﬁ(1+r>+)\27r vty 1+7«dﬁ]_0’ (B5)
where the envelope theorem is invoked on the utility terms, V;. Let &} = 1;{ L d(fﬁl) and séyl =
1-7 _dys itae

R =t We can then write:

i i T i 1 T Y
Sy H(0uh () [1—5]U’2(-)ﬁ(1+7"))+A;7ry1[1—1_17161 Hﬂjﬁyf@m}:o.

(B6)
Reorganizing and using 1 [] = 3, 7'y 2 and the definition of g}, t = 1,2, we can rewrite as
—I {5% +[1- 5]93} +E |1 1 ilﬁ €l 1om — 1 j_ 1 ?7_1 z? 2,1— n] =0. (B7)
Alternatively, we may write it as
o _Ei[1-dgt[1-dg] o {yg c 1}
= =0. (B8)

1—-7 E; [¢4] 1-7 I 4]



The formula for 79 is directly derived from the first order condition:

o dy1 1 dy’
_zi:wzyéﬁw )+ )\Zﬂ' [7'1 T+ <y2 + 7 T2 z =0, (B9)
which we may rewrite as
1 vh T I T Y
_ E, | 224t E - gt — | = - = 0. B10
1+7 llyi% B I e el B R e (B10)

The conditions for G; and G9 follow from the first-order conditions for GG; and G9 which

are:

i i dy 1 dyb

Bzﬂ_iul _)‘ZW dyj 1 dyé]

_— (B12)

1+ dGy  1+7r 2dGy

These expressmns may be further simplified under the assumption that R’'(s?) is well defined,

i.e., that s* # 0. In that case, changing G5 by dG5 is equivalent to changing G by the agent’s

present value of dGy. Hence, R/(s )jétg = dyt . Hence, the LHS of the last equation becomes

FY () =AY [

dy} 1 dy2 L
— | . B1
< dG1 + 1 +T dGl R/(Sl) ( 3)

szé
1+7r

present-value tax revenues from increasing period-1 unearned income. m

Now define p' = ﬁ (7’1% + ) as an income effect parameter that provides the change in

The weighted average of the social weights on the LHS of (B1) reflects that the burden of a
marginal increase in 7 is borne partly in period 1 and partly in period 2 when 1—4§ > 0. If there is
either no delayed taxation (§ = 1) or no agents are financially constrained (R'(s*) = 1+ for all 1),
then the LHS simplifies to >_,; m%igt.3¢ The RHS of (B1) and (B2) reflect that a marginal change
in a tax rate in one period affects labor supply in both periods. The intertemporal substitution of
labor supply in response to the age-dependent tax rates 7 and 7o is an important feature of our

framework.

Equations (B3) and (B4) require that Gy, for ¢ = 1,2, are set so that the average social
value of giving everyone an additional dollar in period ¢ (3, 7ig}) is exactly equal to the resource

cost of an additional dollar (3°; 7' = 1) minus the loss of tax revenue due to fiscal externalities

(individuals reduce their labor supply when transfers are increased). Note again that g5 = Rll—(i_sc) qgi.
If R'(s) =1+ r when s > 0 and R/(s) > 1+ r when s < 0, then if at least one agent borrows,

Rl,J(FST;) < 1, the negative

income effects on tax revenue are generally less severe for period 2 labor supply than they are for

we have 3, gt > >, mgb, working towards G > Go. Note that since

period 1 labor supply. This is because financially constrained agents discount future cash flows

36Note that g5 = i by virtue of (9), thus the value of § is irrelevant if R'(s") = 1 + r for all 4.

1+7r
R0 9



at a higher rate.

C Extension: Delayed taxation with paternalism

Suppose that some subset of agents optimize according to ¢ = 8 < %, where 3 represents
the common discount factor of impatient agents and 8* is the government’s discount factor used
in welfare evaluation. Let V? denote their decision-relevant utility, and V** the utility from the
perspective of the social planner who uses 5* in welfare calculations (i.e., paternalism). V* and
V*i differ whenever ' = 3 < 3*. We describe agents with 3* < 3* as impatient.

In these analyses, it matters whether agents who are indifferent towards receiving delayed
taxes actually receive them. Hence, we assume that (marginal) indifferent agents do not (marginally)
delay any taxes. This can be microfounded as follows. Assume that the interest rate on delayed
taxes equals r + € < rp, and that agents can choose whether to delay their taxes. With ¢ > 0,
those with s > 0 always strictly prefer not to delay taxes, while those with s? < 0 strictly prefer
to delay. If € = 0, those with s > 0 weakly prefer not to delay taxes, while net borrowers still
strictly prefer to delay. We thus assume that e is strictly positive (and deters indifferent agents

from delaying taxes) but small enough not to otherwise affect welfare.

For brevity, we assume that there is no subsidized lending (i.e., z = 0). We can then rewrite

the Lagrangian as

* ivsi * i igi Towhls i ipi Ga
w = ;WV - A <—Z7T <T]_w1€1+]+2:—(1—5)Ar7971w1£1> +G]_+ 1—|—’[”+M>

+ Y V=V, (C1)
181 < B*

i

where the last term is a quasi-error term equal to
(B =B8) > w [ulch) —v(eh)]. (C2)
i< B*

This term accounts for the fact that some agents optimize according to a rate-of-time preference,
5, that is lower than that of the government, 5*.

The marginal welfare effect of increasing (1 — J) can be written as

aw o _ ‘
= . i 2 1\ _ 7 1 1/ d
d(1—0)ls=1 T1 i:R,(§;1+Tﬂ Y1 (u () =Bl +r)u (02))

_)\*Z‘i Al Ti i,c+1 To g%i,c+i
iﬂ-zyl T1Ry g 177_1511 1+T1*T1yi€21 P

-\ ZwiﬁwiﬁiAfﬂ,g (C3)
, o dd . de
T T D T R O et

i< B* R/ (sP)>1+4r



where we use FOC implied by Proposition 2 on all terms except the error term and value
derivatives at 1 — § = 0. In the error term, we have imposed that only those who strictly prefer
to delay taxes (R'(s') > 1+ ) do so. This is relevant for the welfare of 3* < B* agents because
the government strictly prefers that they do not delay taxes.

We rewrite the error term as

R I (T e O]

:81<B* R/ (s*)>1+4r L

SR I S T T R R Y ot o) R e

:81<B* R/ (st)>1+r L

SRGEL I VI M <1+r>ﬁwiea}—v'<za>dd%].

:81<B* R (s")>1+4r L

= (B"=0) > T |u(ch)

:81<B*, R/ (s*)>1+r L

{-
{-
= (-8 Y wG|{-0rmd
{
{

iB1<B* R (s1)> 147 L

= (8- > ' (ch)

:81<B* R/ (s*)>1+r L

= (B"-9) > ' (ch)

81 <B* R (s7)>1+r L

We can now move the curly-bracket term above out the error term into the first welfare effect
term, and thus rewrite the marginal welfare effect as

ey = e 2w () = 5 = A+ ed)

R/ (s*)>1+4r
* i i 1 i,c 1 T2 y2 zc
- A Zm‘yi |:T1A'lr,g (1_7_15 1+T1_7_1yz €91 +P)]
K2

-\ Z WileiEiAi,g (C4)

N——

+ (5*—5) Z ' (ch ) Alrl_ (1—72)212(_512)

fi<B

In the last term, the subsetting over i : R'(s*) > 147 is no longer needed due to A% = 0 whenever
R'(s%) = 1+ r. Substituting in the expressions for gi* = u/(c})/A\* and g&* = B*(1 + r)u'(c}) and

then substituting in for u/(c}) using the Euler equations, we may rewrite the welfare effects

10
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as

dw* 1 Z i g (1 T+r /3*)
- = - e — =
d(1—3) » Ut MU TR B

i i L+r
+ 71 Z Y191 <1 - R/(Sl))
:8i=p* R/ (s!)>1+r

; i T1 ic 1 T2 y% i,c i
- iy [TIAZ, ( €1+ — € P
Zi: g 1+rl—my

+ ZﬁileiA;g (C5)

* ix
e I e (RSB N)
8 <p
In the first term, welfare gains from intertemporal consumption smoothing among impatient
borrowers decrease with paternalism. If the relative “paternalistic wedge”, 5*/3, exceeds the
interest rate wedge, R'(s%)/(1+7), then welfare gains from intertemporal smoothing are negative.
This effect, however, is partially offset by being away from the envelope, and thus obtaining
welfare gains from reduced labor supply in the second period (last term).?” The government not
only wants impatient workers to consume more in period 2—they also want workers to enjoy more
leisure. Nevertheless, we recognize that there may be cases, with very strong paternalism (3*//3
is large and 8° < * for many workers), where the total marginal welfare gains are negative.
Interestingly, this then implies that negatively delayed taxation is optimal. Negatively delayed

taxation is equivalent to forced saving (as in social security).

The preceding analysis allows us to formalize the key differences between paternalistic and
non-paternalistic welfare evaluation of delayed taxation. The following proposition summarizes

how equation (C5) differs from the baseline case.

Proposition 5 (Marginal Welfare Effects of DT under Paternalism) Assume: (i) a sub-
set of agents share a common discount factor B < 3* (all others have 3* = 3*); (ii) no subsidized
lending (x = 0); (i) the interest rate on delayed tazes is r + € with € > 0 small so indifferent
savers do not delay; (iv) the marginal reform is evaluated at the benchmark with no delay (6 = 1);
and (v) R'(s") is locally constant. Then the marginal change in social welfare from introduc-
ing delayed tazation is given by (C5) and differs from the non-paternalistic case in exactly two

channels:

1. Consumption smoothing. Borrowers (s' < 0) enjoy the same experienced gain propor-

tional to (1 — RI,J(;Z)), but its social contribution is reweighted under paternalism:

(k%)

R/(s%)
1+r -

which turns negative when ’BB* >

3TThis hinges on €%, < 0, which must be the case. Both the substitution and income effects of lower period-1 taxes
reduce period-2 labor supply with standard preferences.

11



2. Leisure gains. Because the planner values future wutility more (6* > (), the planner
prefers less period-2 labor than the agent. A marginal delay lowers period-1 distortions and,

via €9 < 0, reduces period-2 labor, creating an additional positive welfare term:

B* - B 1 gl* i 1 . .
3 Z ' R/(Zsz’) "1-n (1 —72) y5 (—€la),
1:50<0

which is positive because iy < 0 (a lower period-1 tax raises period-1 consumption and

reduces period-2 labor).

All other behavioral-revenue and fiscal terms are identical to the non-paternalistic baseline and

are omitted here for brevity; see (C5).

D Bunching Analysis Appendix

D.1 Identification of Labor Supply Elasticities via Bunching
Overview

The identification of elasticities via bunching at tax kinks was established by Saez (2010) for
static models. In these static models, bunching identifies the compensated (Hicksian) elasticity
because income effects are approximately the right size to move the estimand from the Frisch
elasticity to the Hicksian Elasticity. The residual (i.e., income effects in excess of what the
Hicksian should contain) is assumed to be small (i.e., “second order”). The typical assumption
needed for the income effect residual to be small is that the change in the marginal tax rate at
the kink is small. However, Bastani and Selin (2014) demonstrated subsequently via simulations
that the zero residual income effect approximation holds well even for large kinks. Chetty (2012),
section 4.4, conjectured that in life-cycle models, bunching instead identifies the Frisch elasticity
because “the income effects of locating at the kink versus slightly above it are spread across the
lifecycle.” Kleven (2016) reiterates this point. The idea is that when income effects are spread
over the life cycle, they become small enough for the bunching estimator to identify the Frisch

elasticity instead of the Hicksian.

This appendix formalizes Chetty’s conjecture and extends it to settings with financial fric-
tions. The key insight is that income effects determine whether bunching identifies the Frisch
or Hicksian elasticity. In standard life-cycle models, income effects are spread over the planning
horizon; as the horizon grows, they vanish and bunching identifies the Frisch elasticity. With
financial frictions, the present value of lifetime wealth is reduced (due to discounting at higher
borrowing rates), which amplifies income effects and widens the gap between the identified elas-
ticity and the Frisch. Financial frictions thus effectively shorten the planning horizon, pushing
the identified elasticity toward the Hicksian.

This section is currently being revised, some known errors and wrong references to be

fixed

12



D.1.1 Model Environment

Consider a T-period life-cycle model. The agent chooses consumption ¢; and labor supply ¢;

to maximize lifetime utility:

1—0 gl-&-l/k

T
U— N
;ﬁ [1—0 51—1—1/k‘

(D1)

where ¢ > 0 is the coefficient of relative risk aversion, £k > 0 governs the curvature of labor
disutility (and equals the Frisch elasticity), 8 € (0, 1] is the discount factor, and £ > 0 is a scaling

parameter.

Delayed Taxation. We now define how delayed taxation enters our model environment. The
general identification results in Section D.1.2 require only that @Qp be interpreted as a discount
factor scaling the effective tax rate; the specific application to delayed taxation developed here
is included to match our empirical setting. The agent faces a dynamic budget constraint where
earnings are received in period ¢, but the associated tax liability may be paid with a delay D >0
periods (D = 0 for contemporaneous taxes, D > 0 for delayed taxation). We define the discounting
factor Qp as the present value of one unit of currency paid in period t + D relative to period t.
If the tax liability accrues interest at the policy rate r but the agent discounts at the marginal

return on savings R'(s) (which may exceed the market rate when borrowing):

(147)P

Op = H5=1 R’(3t+u)

(D2)
For contemporaneous taxes, ()o = 1. For delayed taxes with constant borrowing rate ry > r, we
have Qp = [(1+7)/(1 +14)]P. The effective marginal tax rate faced by the agent is the present

value of the statutory rate:
=7-Up (D3)

We allow the gross interest rate R; to vary over time, capturing, e.g., the life-cycle transition from

high-interest student loans to lower market rates.

Lifetime Wealth. Iterating the budget constraint forward, we define lifetime wealth in present

value at t = 1, evaluated at the equilibrium allocation, as:

W1 = i (t_l Ru1> [wtﬁt(l - 7~—t) + Gt] <D4)

t=1 \u=

where 1—7; is the effective retention rate on labor earnings and G denotes transfers. For borrowers
with r, > 7, future income is discounted more heavily, so W7 is lower than if discounted at the

market rate.

Elasticities. We define elasticities in terms of log-changes. Let A = u/(¢1) denote the marginal

utility of consumption in period 1; when the Euler equation holds, this pins down the marginal

13



utility in all periods via A\ = A- H;;ﬁ (BR;)~1. The Frisch elasticity is the response of labor supply

to the effective net wage w;(1 — 7¢), holding A constant:

© T w1 - A,

Given the isoelastic disutility function v(¢) = &0+1/ /(141/k), the first-order condition is ££1/% =
Aw(1 — 7). Taking logs:

1

z In¢ =1In A+ Infw(l — 7)] + const

Differentiating while holding A constant yields (1/k)(d¢/¢) = d[w(1 — 7)]/[w(1 — 7)], so !’ = k.

The Hicksian (compensated) elasticity is the response holding lifetime utility U constant:

Gln[wt(l — 7~—t>] U

To derive £ for the static case, note that A = u/(c) = ¢ 7, so the FOC becomes &0V/F =
¢ %w(l — 7). Let s = wl(l — 7)/c denote the share of after-tax labor income in consumption;
when non-labor income is present, s < 1. Taking logs and differentiating the FOC:

ldt _U@ n dlw(1 —7)]

k¢ c w(l—17)
Holding utility constant requires u/(c)dc = v'(£)dl, i.e., ¢ dc = £0Y/%dl. Using the FOC, this
gives dc = w(l — 7)dl, so de/c = w(l — 7)dl/c = s - dl/L. Substituting:

1 1-

( ) dt dlw(l —T)] % k (D5)

— _———_—-— - = = ——
/-c+08 14 w(l—7) © 1+kos

Since 0,5 > 0, we have " = k > k/(1 + kos) = ¢ .38

D.1.2 General Identification Theorem

Consider a convex kink at earnings y* = wi£* in period 1, where the statutory marginal
tax rate rises from 7~ to 77 = 7= + A7. Below the kink, taxes are paid contemporaneously,
so 7~ = 7. Above the kink, the marginal increment A7 is subject to delayed payment, giving
7t = 77 + QpA7 and hence AT = QpAr (the standard case with no delay on the marginal
increment corresponds to @p = 1). We assume the standard small-kink approximation conditions
hold.? We further assume this is the only kink the agent faces (or that future kinks are sufficiently

far into the future).*?

38 This formula mirrors Bastani and Selin (2014), Section 6.

398pecifically, At is small enough that log-linearizations are valid. The debt-conversion threshold involves a large
statutory change (A7 & 0.50), which pushes the limits of this approximation. However, the effective tax change
faced by students is much smaller, A7 = Qp AT =~ 0.44 x 0.50 = 0.22. Moreover, bunching methods are primarily
biased when the behavioral response Ay™ is large; given the small observed elasticities, this concern is mitigated.

4%Tn our empirical setting, the rapid earnings growth of graduates in our sample implies that they quickly move
away from the (low-income) debt-conversion threshold.
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Theorem 1 (General Identification) Assume the agent is at an interior solution for saving.

Define the income effect parameter:

The bunching estimator identifies:

k

bunch __ i
=00

(%)

Proof. Let state A be the counterfactual (linear tax at 77—, agent earns y* + Ay*) and state
B be the actual choice at the kink (agent earns y*, facing effective marginal rate 7 for any

additional earnings). The labor FOC &Y% = \w(1 — 7) applies with the relevant marginal rate

eNYE o
¢B SN 1 Ft

Taking logs and using In(¢4/¢8) ~ Ay*/y* (since y = wf) and In(1 — 77) — In(1 — 7) =

AT/(1—717):
1 Ay* A AT

in each state. Taking the ratio:

We now derive the change in marginal utility In(A*/AP). The Euler equation ¢; 7 = SRy
implies ¢; = ¢1T'y where T'y = H;;ll (BR;)'/°. Substituting into (D4):

T [t-1 N
c1 Z (H W;%)l) =W (D7)

t=1 \j=1 J

=A

where A is the annuity factor. Reducing earnings by Ay* lowers lifetime wealth by AW; =
(1 —77)Ay* (gross income lost minus tax saved). Since ¢; = Wj /A, the consumption response is
Ac; = AWp/A. Using A = ¢~ :

WM JAa o (-m)Ay A (- )Ay
/\B N C1 - .A W1 - W1

Rewriting in terms of percentage changes and using the definition of ¢:

m (M) ¢ Ay
\B ko y*

Substituting into (D6) with AT = QpAT:

1Ay"  ¢Ay"  QpAr
k y* k y* Cl—7
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Ay*'l—i-(biQDAT
y* E 1—7

The bunching estimator relates the behavioral response Ay* (the earnings reduction of the

Ay* bunch | _A7 41 bunch

marginal buncher) to the statutory tax change via > — € == Solving for ¢

gives the result. m

D.1.3 Discussion of Identification Theorem

Recovering the Hicksian Elasticity. In the absence of either financial frictions or delayed
taxation, @Qp = 1, and the theorem simplifies to eP™h = k/(1 + ¢). In the static case (T' = 1),
lifetime wealth reduces to single-period consumption, Wy = ¢, so (1 — 77 )y* /W71 = s where s is
the labor income share. Then ¢ = kos and e”"h = k/(1 + kos) = | recovering the expression

for the Hicksian in equation (D5), and confirms consistency with Saez (2010).

Chetty (2012) conjecture. In the life-cycle case with SR; = 1 and constant earnings (y; = y),
the Euler equation implies flat consumption. Hence A = T and the income share at the kink is
1/T. Then ¢ = ko /T and

bunch __ k

=—— >k T —
1+ ko/T awdTree

which formalizes Chetty’s (2012) conjecture: income effects are spread over T periods, so bunching
identifies the Frisch elasticity up to an O(1/T) correction. With quasi-linear preferences (o = 0),
income effects vanish (¢ = 0) and bunching identifies the Frisch elasticity k regardless of horizon.
In the quasi-linear case, the Hicksian equals the Frisch, hence the bunching estimator also identifies

the Hicksian, .

Financial frictions and delayed taxation. Financial frictions and delayed taxation mod-
ify these benchmark results through two channels. First, delayed taxation with Qp < 1 pro-
portionally scales down the identified elasticity. This scaling applies equally whether bunching
identifies Frisch or Hicksian: in the life-cycle limit ¢ — 0 and ™" — Qp - k, while in the
static case ¢ = kos and e”™M = Qp - k/(1+ ¢) = Qp - k/(1 + kos). Second, borrowing con-
straints reduce lifetime wealth Wj by discounting future income more heavily. This raises the
ratio (1 — 77 )y* /W1, which increases ¢ and pushes the identified elasticity toward Hicksian. In
the limit (1 — 77)y*/W; — 1, we have ¢ — ko and eP™® — Qp - k/(1+ ko). Financial frictions

thus effectively shorten the planning horizon.

D.2 Numerical Illustrations

We calibrate the model to our empirical setting: T = 40 years, 8 = 0.97, 0 = 5, k =
0.3.42

“1Since the behavioral response is driven by the effective change A7 = QpA~, but the bunching formula uses the
statutory change A7, the factor Qp appears in the identified elasticity.
42We abstract from optimization frictions, which would scale bunching elasticities by a factor ¢ < 1 (see Section 5).
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Application to de facto Delayed Taxation For Students. We assume students near the
delayed tax threshold face r = 0.02, and a high borrowing rate, R = 1+, = 1.20, for ten years.*3

This generates a discounting factor of

1+r\'0  71.02\"
— =(—=) =~0.1969.
@p (1+rb> (1.20)

We define after-tax life-time wealth as

Gstlpend 5 y* 1 40

(1—7— yI
: D8
 (1+7p) Zl 1+7“b (1+Tb)D;(1+T)t*D (D%)

after-tax __
4% = Z

where G51Pe" is a student stipend given for 5 years, y* is the (average) labor income for the next

five years, and 39 is the after tax income starting in year six.

We set D = 10 (average maturity on student loans), G5!Pend = 32500, y* = 120 162 (mean
delayed tax kink), y9 = 281 707 (median after-tax income at ¢+ 5, see Table A.1), and 7~ = 0.25.
This yields ¢ = 0.0833

Applying the theorem:

1 1
bunch
-k =0.1969 - ———— - k£ = 0.0545. D9
e =0p 1+ 8.33% (D9)

Income effects provide a modest correction (about 8.3%), and the ratio is primarily determined
by @p.
D.2.1 Comparing elasticities across samples when income effects differ

This subsection illustrates how we can back out differences in interest rates (1) across samples
when income effects may differ across samples.
Notation for contrasting samples. We start with some notation that draws from the previous
subsections. We write the estimated elasticity for some sample, ¢, as

k

= Qb (D10)

where ¢’ should be considered the net-of-present-value-tax labor supply elasticity inferred from

bunching at the delayed tax threshold. We write the discount factor as

D D
: 147 1.02
i = ) = : D11
@b <1+r;,> <1+r;,> ’ (b11)

where D is the duration of the tax delay. We assume that rg is constant during the D-year long

period (alternatively: we consider r}; to be the geometric average.) The income-effect adjustment

43Note that Qp depends on the duration of binding borrowing constraints, not the tax payment delay per se; years
where the agent discounts at the market rate contribute equally to numerator and denominator and thus cancel.
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term is written

(D12)

where k and o are considered constants. We consider W7} to be the sum of present-value incomes,

given by
5 Gt 5 — i\, %0 40 i
1 — T b b 1 g7
Z % el pa ey (D13)
t=1 1+T'b t=1 (1+rb) (1+Tb) t—6 (1+T)

*t i the annual labor income for the next 5

where G' is a student stipend given for 5 years, y
years, and y9% is the after tax income starting in year six. Note that we need 5 < D for the

present-value calculations to be defined properly.

Ratio of estimands. The ratio of estimands across two samples, A and B, can be written

EA:Qgiﬁk:%1+¢B
f Q&g bk QP L+¢"

(D14)

Computing implied interest-rate wedges. We solve this through iteration. We assert that

r;f‘ = 0.15. Our iteration starts by first assume that 11?’4 = 1. We then obtain that

R A (D15)
1—{—7“;>4N eB ’

which allows us to solve for ¥ given rbA = 0.15. We then use these r} values to compute W7 and
WE and then ¢4 and ¢”. In the next iteration, we then use these parameters (gbA and ¢?) and
equation (D14) to solve for Q4 5/ QB  again, and thus obtain another solution for rb (still assuming
r{' = 0.15). We keep iterating until the ratio (1+77)/(1+7{') changes by less than 0.0001.

In the applications below, we set D = 10, roughly the average maturity for student loans.

We calibrate using statistics from Table 3 and Appendix Table A.1.
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Application: interest rate wedge, students above (A) and below (B) median liquidity.

We parameterize by setting

et = (1.84/120.162)/(0.4666/0.75) = 0.0246 (D16)

B = (0.72/120.162)/(0.4666,/0.75) = 0.0096, (D17)

y = 120162, (D18)

y B = 120162, (D19)
Y9 = 297419, (D20)
Y98 = 269512, (D21)
GA,GE = 32150, (D22)
rt = 0.15, (D23)

oA B = 0.25, (D24)

The initial approximation (assuming no differences in the income-effects adjustment) yields an
interest rate ratio of (14 r5)/(1+74) = (0.0246/0.0096)'/10 = 1.0987. We then use our iteration
procedure, iterating 4 times, to obtain a ratio of 1.0916 (see Table A.2 for the iteration steps).
Under the assumption that r4 = 0.15, the interest rate difference is 1.0916 x 1.15 — 1.15 = 10.53

percentage points.

D.3 Income effects in bunching estimates: summary statistics and numerical
solutions

TABLE A.1: SUMMARY STATISTICS FOR INCOME-EFFECT ADJUSTMENTS

This table presents summary statistics used for calculating income-effects adjustments for the bunch-
ing estimates for different samples. After-tax income is measured five years after the individual is
observed in any of the bunching samples. Stipends are calculated by dropping students who are
above the delayed tax threshold (since their stipends would be crowded by higher student loans).
We otherwise use the same sample restrictions as in Table 3.

p50
Delayed tax sample, above-median
After-tax income, t + 5 297,419
Delayed tax sample, below-median
After-tax income, t + 5 269,512
Delayed tax sample, all
After-tax income, t + 5 281,707
Delayed tax sample
Stipends, ¢ 32,150
Regular tax sample
After-tax income, t + 5 267,783
All students below delayed tax threshold
Stipends, ¢ 33,110
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TABLE A.2: INCOME EFFECTS IN BUNCHING ESTIMATES: NUMERICAL SOLUTIONS

This table provides the iteration steps and solutions when accounting for differential income effects across bunching samples.

Iteration re wit wi o o A +r8)/Q +rh

Iteration steps for above-median (A) versus below-median (B) sample

0 0.26350 2,438,868 1,028,608 0.05543 0.13141 1.09870
1 0.25456 2,438,868 1,094,498 0.05543 0.12351 1.09092
2 0.25552 2,438,868 1,084,297 0.05543 0.12467 1.09176
3 0.25533 2,438,868 1,086,251 0.05543 0.12444 1.09159
4 0.25537 2,438,868 1,085,968 0.05543 0.12447 1.09163

D.4 Additional figures

FIGURE A.1: LITTLE EVIDENCE OF “NEGATIVE-BUNCHING” AT DEBT-CONVERSION-CAP
THRESHOLD

Panel (A) provides a scatter plot, in green, of the relationship between debt accumulation and student earnings around
the debt-conversion-cap threshold. This is the threshold above which additional earnings do not increase future student
debt because there is no more stipends to convert to debt. Panel (B) provides a graphical illustration of how the bunching
estimate. See Figure 6 for further info on the methodology.
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FIGURE A.2: BUNCHING AT DEBT-CONVERSION THRESHOLD FOR WORKERS
WITH SALES AND HOSPITALITY OCCUPATIONS

We repeat the exercise in Panel (B) of Figure 6 on a subset of workers with hospitality (4-digit “STYRK-
98”occupation code = 5123, waiters and bartenders) and store sales/clerk jobs (4-digit occupation code =
5221.

1500

1000
1

Frequency

500
1

-50 25 0 25 50
Income - Threshold (NOK 1000)

D.5 Individual-level bunching elasticities

We expand here on how individual level elasticities are constructed (see main text section
5.8).

In the standard bunching framework, b is the the relative excess mass in the bin right below
the kink, where all bunchers in the (wider) bunching region are assumed to be in the one bin
below the kink. We discuss how to map this more visual notion of excess mass into relative excess

probabilities.

First, the estimated excess mass can be written

A

B = [Ply; € BR]- N*™P'* — P*f[y; € BR] - N*""'¢| x Bin width. (D25)

Then to obtain B, we need to divide by the baseline mass. That is, the counterfactual mass of

individuals at the single bin right below the kink.

. |Plyi € BR]- Nsomrle — pefly, € BR] - N*omPle| x Bin width
b= . (D26)

Cf 3 . .
% x Nsample x Bin width

Note that, in the denominator, we divide P°/[y; € BR] by the number of bins in the bunching
region, NBRBins t5 get an estimate of the probability that someone is in the single bin right

below the kink. We simplify to get

| Plyi € BR] - P[y; € BR]|
b= PeTEET . (D27)
“NEBR Bims
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From this we can define an individual level b; as

_ 1[y; € BR] — P“/[y; € BR]

bi PI[y,€BR| ’ (D28)
~NDR Bins
which satisfies the property that
E[b:] = b, (D29)

namely that the sample average of b; equals b.

Now, in order to obtain an individual-level elasticity, we divide b; by y* (as in equation 41)
and then further by the relative change in the after-tax wage.
D.5.1 Dynamic Uncompensated and Compensated Elasticities

In dynamic economies, Frisch elasticities impose restrictions that are helpful in obtaining
simple elasticity expressions in cases where accounting for the full range of substitution effects
across periods would be intractable. In this section, we derive unrestricted elasticities that allow
for intertemporal substitution in the context of our two-period framework.

D.5.2 Derivative of period-1 labor supply w.r.t. §n

We first differentiate c¢; using the first-period budget constraint of agent ¢, allowing 71 and

8% to vary.

dCl == d£1w1(1 - 57‘1) — Elwld(éﬁ) — dS. (D?)O)

Since s # 0, we can use the period-2 budget constraint to obtain an expression for s’ and

differentiate it to obtain

ds =

R’l(S) [dea + frwnd {(1 = 8)(1+7)mi} + (1 8)(1 + ryunmidéy — (1 — m)wadls).  (D31)

Substituting (D31) into (D30), and using the expression for §%, yields

1
g
I

dCl = d€1w1(1 — giTl) — flwld(SiTl) — (1 — 7‘2)1112(%2. (D32)

1
R/(s)
Now we can differentiate the second period intratemporal FOC (8) to get dfs = %wé(l —Ta)dca

and substitute this into (D32) and collect multiplicative terms on dcs to get

d61 = dﬁlwl(l — 52'71) — flwld(SiTl) — R/(ISZ) <1 — [(1 — 7’2)w2]2 1;7/2;;;) dCQ. (D33)
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Similarly, we use the differentiated intertemporal FOC, u”(c1)de; = Bu"(c2) R'(s)des, to replace

dco with an expression that includes dc;.

u'(co)\ u'(c1) 1 B - -
dcy {1 + (1 — [(1 — 7-2)w2]2 1)”([2)) 5u”(02> R’(3)2 = d€1w1(1 -0 7’1) — elwld(é 7’1). (D34)

Now, we wish to substitute out dc; with a term that only contains dl;. We obtain this by
differentiating the FOC for [} (equation 11, which relies on the Euler equation 9):

uf(c)hwl (1= 6'7) dey — o/ (c)wid (6'm) = " (¢})dly. (D35)

We then substitute (D35) into (D34). We denote the term in the brackets in (D34) as /.

U//(gzi)dgzi N u’(c’i)wﬁd (51’7_1)

— — — — = dbwi (1= 8'm) — Gwrd(8'm). (D36)
uf () w? (1 — 517'1) uf (&))w} (1 — 517'1)

Then we re-arrange to obtain

ar_w(ewid — fuiul(cuf (1-0) D37
AEm) () — w1 - (el (1-5m)
This may also be written as
A _ wld)uir - Guiu(c)o) (D38)
d(6'm) (€)= wyug (e

Writing out the * and w} terms, we get

—u(chyuf [L+ (1 OSRE ) wel] — dufu (e (1 - 5n)

szl v”(é%) "(c )531(51')2
Si - . Wi (1—15)12u" (b w(ch . . —. 2 ’
d(5 Tl) Ull(gzl) |:1 + <1 - [ 2(1 v”Q()f]é) ( 2)) uugcé; 6R/%Si)2:| - Ulll(czl>wzl2 (1 - (517—1)

(D39)

which depends explicitly on an individual’s marginal interest rate, R’'(s%).

D.6 Period 1 income effects

dei
d(oir)”
(a) We use the period-2 budget constraint to substitute in for s in the period-1 budget

We want to have an expression for All derivations assume s* # 0.

constraint to get an expression for ¢; and differentiate.
1
d01 = dGl + wldfl + m((l — TQ)deEQ — dCQ) (D40)
s

(b) Now find an expression for dfs. We use the implied intratemporal FOC for labor (14), and
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differentiate it to get

N wg(l — 7'2)’0”(51)
W = RS (6)

dey. (D41)

(c) Now find an expression for dey. We differentiate the Euler equation (9).

u”(cl)

0 = SR syl (c2)

d01 (D42)
(d) Now find an expression for dc;. We differentiate the intratemporal FOC for ¢, (11), which
relies on the intertemporal FOC, (9).

U”(fl)

u(eq)wy

de, = dy. (D43)

(e) Now substitute the expressions found in steps (b) and (c) into (a).

1
dep = dGy + w1 dl + —— ((1 - 7'2)w2

wa (1 — )0 (41) u’(c1)
R’(S) d£1 d01> (D44)

BR (sywyv" () BR(s)u"(c2)

(f) Now substitute in the expression for dc; found in step (d).

’U”(gl) . - 1 _ w2(1 — 7'2)1),/(61) _ u”(cl) ’U//(fl)
md€1 = dG1 + wrdly + 7R/(S) ((1 Tg)wg 5R,(8)’LT)11)”(£2) dly ,BR/(S)UH(CQ) u”(cl)u?l dgl)

(D45)

(g) Reorganize by collecting terms on d/;.

( V() 1 [[w2(172)]%"(41) 1 V" (4y)

lenm T R(s) | BR()on"(l) AR () (ea) Ddﬁlszl (D46)

(g) Reorganize by collecting terms on d/;.

( v (£y) 1 [[wg(l — 79)]20" (¢1) 1 v (4y)

w(c)w  R(s) | BR(s)iv"(6)  BR(s)u(co) wll"wO‘Ml=dG1 (D47)

(U//(ll) ll —u"(c1) . l[w2(1 — )l !

BR/(s)* V() u”(CQ)H a wlu”(cl)“h) by = u"(c1)w1dGh

(D48)

(U//(ll)

1+(Llwu—mww@0uwm |

v (€2) u’(c2) 5R’(S)2] - UN)IUH(CI)@I> déy = ' (c1)dndGy

(D49)
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(i) Finally, we may write the income effect term as

dGh v (04) [1 + (1 — [wé(l_m)]?“”(cé)) wie) 1 } wiu" (¢ )wi’
1 v" (£3) u’'(ch) BR!(s%)? 1 e
or using the definition of ¢/,
ary u () )y (D51)

dGr V(0 — wyu (ch)wh’

D.7 Slutsky application to obtain period-1 compensated labor supply elastic-
ity

We may use the results in the previous two subsection to get an expression for the compen-

sated period-1 labor supply elasticity, szlljl_n as follows.

By Slutsky,
dei dei\© aei .
e . 4 D52
di] (dmg) e (D52)
If we keep &' fixed, dwt = —8twndr = Siwld(l — 71). Hence, the relevant Slutsky equation
becomes
dei e\ ae
= 2 5wh. D
d(l —1) (d(l — 7'1)> dGy (D53)

Substituting in for the LHS using equation (D39) and the second-term on the RHS using (D51),

we obtain

/' (c})wie’ — Lwiuf(c))w] dty ‘ (e}
JWr _ ¢ Cwis. (D54
ai-mny) T wid'. (D5)

v"( 1) wzlulll(cl)wi 1-7n — v’ (c 1)“’1

Rearrange and cancel out to get

dr c u () wii?
(1 )) =8 ( 1)% L. (D55)

d(l1—m fﬁ)b' - wlul(cl) wy

In terms of an elasticity, we can write it as

PR S S (1T
R 0 () — i ()l

(D56)

We may rewrite this using the intratemporal FOC (11), which says that u/(c})@i = v'(¢1) and
v'(¢1) to get

thus o/(c))w} = — 51

(W 1-— 1 U’(ﬂl) i
1— im0 o"(01) — wiuf (c})w]

&1m = (D57)
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C
€1,1—

Writing out the ¢/ terms, we get

_. ' _ [wy(—me)Pu(ch) \ W) 1
O v'(fy) {1 + <1 v (€3) ) u'(ch) 5R’(si)2:|

Fiin = 1—0dim O [wy (1=T2)]2u"(c5) \ w’(c}) 1 =i (i (D58)
v (61) 1 + 1-— ’l}”(ﬁé) u”(c%) ﬁR/(s'L)Q - wlul (Cl)wl
Writing out the @! and 8% terms, we get
O  1-n fwh(1-a)2u(ch) | w’(¢)) 1
T e e 1 (1 - MR ) S et

71 = i wi (1—79)12u (ct w (¢t i12 r 2 .

V(1) [1+ (1_ i) u)) wie) BR,%SQQ] —[wi)? (1= 7 [0+ (1= 0) 5] wi(

(D59)

E

Data for calibration

We first use microdata from the 1990 and 2011 censuses to compute micro-level data on

(proxies for) effective hourly wages.

Wages in 1990

To construct a measure of effective wages in 1990, we first construct a measure of hours
worked. The 1990 census (“folke- og boligtellingen”) contains categories for usual weekly
hours worked, [1,10], [11,20], [20,30], [30,35], or full time (37 hours). We assign numeric
values of 5, 15, 25, 32.5, and 37 to these categories. This variable is defined as typical hours

worked.

We calculate a measure of minimum hours worked as 37.5 hours x 47 weeks X number of

reported months of full time work / 12 months.

The survey also includes information on the number of months worked full-time and part-

time. We sum the number of months to get a measure of total months worked.

Our final measure of weekly hours worked is then max(typical hours worked x 47 weeks X

total months worked / 12, minimum hours worked).

We replace hours worked as missing if either the number of months worked is less than 2 or
the total hours worked is less than 47 x 7.5 (i.e., we require an average of 7.5 hours worked
per week).

We calculate the 1990 wage as annual labor income divided by the number of hours worked.
To avoid low wage outliers, we replace as missing whenever the wage is below 25% of the
median wage. This drops about 3.5% of the observations. To avoid high wage outliers, we

winsorize at the 99.9th percentile.
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Wages in 2011

o Using the 2011 Census, we calculate hours as the number of contractual weekly hours x 47

weeks.
o We then calculate wages as annual labor earnings / hours worked. We take the same
approach to dealing with outliers as for 1990 wages.

e Finally, we deflate the 2011 wages by 1.5576, which is the ratio of the 2011 to 1990 Consumer

Price Index from Statistics Norway.

We then keep only observations for which the age in 1990 was between 20 and 30. For
individuals under the age of 25, we further require that their age exceeds 7 (first year of education)
plus the number of years of education reported in the 2011 census by one year. We also require
that we observe effective wages for the individual in both 1990 and 2011.

Wage trajectories for calibration

Using the microdata above, we calculate the median wage within each 1990 decile and each
2011 decile. This gives us 100 different (wi,w3) combinations: ¢ = 1,...,100. For each wage

combination, we assign 7; using the empirical probabilities in the microdata above.

TABLE A.3: WAGE TRAJECTORIES FOR CALIBRATION

This table provides summary statistics for the wage trajectories used in our calibration

Panel A: Exogenous wage heterogeneity

p5 p25 p50 p75 P95 mean
w1 0.53 0.80 0.95 1.20 1.75 1.03
w2 0.76 1.38 1.73 2.55 5.13 2.16
wa /w1 0.80 1.45 1.94 2.69 4.15 2.16

TABLE A.4: WAGE TRAJECTORIES FOR CALIBRATION UsING PSID DAtTa

This table provides summary statistics for the wage trajectories used in our calibration to the U.S. PSID Data.

Panel A: Exogenous wage heterogeneity

p5 p25 p50 p75 P95
w1 0.42 0.70 0.97 1.35 2.06
W2 0.33 0.68 0.99 1.45 2.49
wa /w1 0.30 0.59 1.02 1.68 3.30
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F Additional quantitative results

FIGURE A.3: MARGINAL BORROWING RATES

This figure provides a scatter plot of R/(s?) against rp, where each 7y corresponds to a different set of allocations
optimal under the benchmark (age-independent, no delayed taxation, no subsidized lending) policy. The figure shows
that, as ry, increases, more and more individuals respond by reducing their borrowing (and thus increase s?) into the
region where R’(s?) lies between 7 and 7. Essentially, more and more individuals bunch at zero saving/borrowing, and
the spread between nominal interest rate, 7, and average marginal interest rates, R’(s) becomes larger.
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TABLE A.5: EXTENDED TABLE: OPTIMAL TAX SCHEDULES AND ALLOCATIONS

This table provides summary statistics for different policy combinations as in Table 1. The first column provides statistics
for the benchmark economy. The second column allows for delayed taxation. The third column allows for subsidized lending.
The fourth column allows for subsidized lending and delayed taxation. The fifth and sixth columns consider an age-dependent
baseline policy; and the seventh and eight consider an nonlinear-HSV policy. The present value function calculates present
values according to 1+ r. The (money-metric) welfare gain is the exogenous shock to revenue that the government must
experience in the benchmark economy to be equally well off as with the given policy reform(s). This number is measured
as a fraction of the aggregate period-1 consumption, C;. Govt loan limit is the uniform subsidized loan given under the
subsidized lending reform. B is the amount the government borrows to satisfy its first-period budget constraint. IL is the
implied amount that the individual borrows from the government, including delayed taxes (see Appendix H).

Tax schedule and allocations with 7, = 20%

Benchmark + DT Lending + DT AD + DT HSV + DT

T1 0.65 0.68 0.65 0.68 0.36 0.40

T2 0.65 0.68 0.65 0.68 0.69 0.70

G 0.54 0.56 0.54 0.56 0.43 0.46 0.48 0.39
G2 0.54 0.56 0.54 0.56 0.43 0.46 0.48 0.39
a1 (HSV) 042 051
as (ASV) . . . . . . 042 051
ki (HSV) . . . . . . 014  0.33
k1 (HSV) 0.14  0.33
1-946 0.00 0.31 0.00 0.31 0.00 1.00 0.00 1.00
Tdtas 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
Govt loan limit 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00
B 0.12 0.37 0.13 0.37 0.23 0.59 0.12 0.54
Welfare Gain, % C1

(rel. to Benchmark) 0.00 2.21 0.40 2.21 7.66 9.62 0.10 3.87
A Welfare . 2.21 . 1.80 . 1.96 . 3.77
means

liwy 0.82 0.74 0.80 0.74 0.88 0.84 0.82 0.76
lows 1.68 1.91 1.71 1.91 1.68 1.79 1.66 1.88
PV (liwi,laws) 1.72 1.77 1.73 1.77 1.78 1.80 1.71 1.77
PV (liwi7i,lowaTr) 1.11 1.20 1.12 1.20 0.94 1.01 1.11 1.14
(TaxPaidy — G1) /w1 -0.08 -0.30 -0.09 -0.30 -0.17 -0.26 -0.07 -0.37
(TaxPaids — G2)/y2 0.26 0.36 0.27 0.36 0.36 0.36 0.26 0.41
Iy 0.80 0.73 0.79 0.73 0.88 0.84 0.81 0.75
l2 0.83 0.92 0.85 0.92 0.80 0.83 0.82 0.90
Net savings, s -0.05 0.04 -0.07 0.04 0.03 0.32 -0.05 0.21
Impl. govt loan amount, IL 0.00 0.04 0.00 0.04 0.00 0.02 0.00 0.17
GDP 0.85 0.78 0.84 0.78 0.91 0.88 0.86 0.80

G Micro-foundation for higher interest rates on borrowing

Below, we discuss a possible micro-foundation for a wedge between the interest rate on
borrowing, r,, and the interest rate on saving r. The environment we lay out allows workers to
default on liabilities but supports a no-default equilibrium as in, e.g., Holmstrém and Tirole 1998,
Rampini and Viswanathan 2010, Davila and Hébert 2023. However,

where the possibility of (off-equilibrium-path) defaults imposes costs on lenders. The envi-
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ronment requires lenders to pre-pay for a collection technology that eliminates lender losses from

default (not default itself), and this upfront cost determines the interest rate spread.

Environment. Agents can choose to borrow up to a limit of @ in period 1. They then owe a
payment of a(1+ ) in period 2. Agents can choose to default on any payments (on, e.g., private

loans, delayed taxes, loans from the government).

Private lenders can pay an up-front period-1 fee to seize the agents’ labor incomes in the event
that the agent does not repay (with interest) in period 2. This fee is equal to z x a, where z > 0 is
a fee parameter. This technology cost is proportional to the loan amount and independent of the
rate, which yields a simple break-even condition. In Holmstrém and Tirole (1998) terminology,
the lender must pre-pay to make the workers’ income pledgeable. However, we acknowledge that
the government cannot commit to letting any defaulting agent endure zero consumption. Instead,
we assume that the government will provide some non-seizable monetary transfer, Y, to any agent
that defaults.** A natural candidate for Y is the second-period transfer, Go. This transfer amount

does not require the government to condition transfers on whether borrowers default.

Private lending break-even condition. We assume that private lending is competitive
and thus subject to a break even condition for each dollar of lending that accounts for both the
time-value of money (r) and the upfront cost (z). This equation determines r,. Assuming that

the lender pays the upfront fee and there are no (ex-post) defaults, we have that

1+7”b
1+7r

I+r)(14+2)=04r) <z= 1, (G1)

where 1+ r is the time value of money. This term is multiplied by 1 + z which is the money not

saved in period 1 due to lending and paying the upfront cost.

The setup so far also resembles costly-state-verification models (Townsend, 1979). Lenders
must pay a cost, which is reflected in the interest rate, to seize assets. The fact that lenders can
seize assets disincentivizes default. The key difference in our setup is that this cost is due up
front (before and regardless of whether default occurs), which is how we obtain a credit penalty

without default occurring on the equilibrium path.

The government’s cost of capital. We assume that the government faces a fee parameter,
29, potentially different from z. The government can choose to not break even on a loan (or delayed
taxes), but their cost of capital—the interest rate with which they discount future repayment in

a no-default equilibrium—is determined by
Q4+7r)(1+29) =(1+1y). (G2)

The left-hand side is the opportunity cost (in period-2 money) of lending $1 today, which involves
giving up 1+ 29 today. Had 1 + 29 been saved, the government would receive (1 + 7)(1 + 29) in
period 2.

No-default equilibrium with private borrowing. Suppose that there is no delayed

44We could alternatively assume that they may work but be subject to a high marginal tax rate, but the subsistence
transfer assumption is analytically simpler.
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taxation (1 — 0 = 0.) If the lender(s) pay the upfront collection fee, the agent does not supply
labor when they default, because all earnings would be seized. Hence, unlike Holmstrém and Tirole
(1998) and related work by Rampini and Viswanathan (2010), we only have “legal pledgeability”.
Workers are still free to effectively divert future labor income by choosing not to supply any
labor. Thus, in the event of default, in period 2, workers only consume the non-seizable transfer,
Y and have no disutility from supplying labor. Accordingly, their second-period utility is u(Y).
Anticipating this, defaulting agents borrow the maximal amount, @ in period 1. Ensuring no

default thus requires that
V(71,72,G1,Ga,a | 6 = 1) > u(G1 + t{wi (1 — 1) + a) — v(£)) + Bu(Y), (G3)

where V is their life-time utility when not defaulting and ¢¢ is their period-1 labor supply if they
choose to default in period 2. Note that V' potentially depends on a.

The existence of an equilibrium without default and where a never binds intuitively depends
on Y. If Y were zero, agents would never default to avoid negative-infinity utility. We verify
below (see 32), using the allocations from the simulations and solving for optimal choices given
default, that there exists economically meaningful (i.e., “generous”) values for Y that allow for

an equilibrium where there are no defaults and the borrowing limit, a, does not bind.

For example, when r, = 20%, setting Y equal to the government transfer amount, G = 0.5134,
implies that the smallest a that ensures no defaults is equal to 12.5755, whereas the maximal

borrowing amount is 0.0895 (min; s* = —0.0895).

Note that we can obtain a no-default-lending equilibria even when de facto pledgeability is
zero due to the fact that diversion is costly (unlike, e.g., Holmstrom and Tirole 1998, Rampini and
Viswanathan 2010). This utility cost arises because diverting (not working) reduces consumption,

and the disutility of lower consumption exceeds the utility of not working.

No-default equilibrium with private borrowing plus delayed taxation. Now suppose
there is delayed taxation (1 — ¢ > 0). We are interested in the conditions under which there is
neither default on regular debt nor default on delayed taxes. Since all disposable income is
assumed to be seized regardless of the type of default, borrowers either do not default or default
on both debt and delayed taxes. Hence, the utility given default for an individual agent is similar
to before. The only difference is that the effective tax rate under default equals 7 instead of

T1.
V(Tl)7—27 le G27a7 5) > U(Gl + chllwl(l - 57—1) + C_”) - U(E(li) + /BU(X)u (G4)

This setup causes the right-hand-side value to increase (less taxes paid in period 1) which favors
default, but delayed taxation also increases utility for borrowers which increases the left-hand-side
(no-default) utility. Since delayed taxes are subject to a low interest rate of 3% = r < r, = 10%,
the incentives to default on delayed taxes are much weaker than on regular debt. In addition,
since delayed taxation crowds out private borrowing, there are also weaker incentives to default

(since there is less high-interest debt to default on). Quantitatively, we find that the LHS increases
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by more. With delayed taxation, the lowest a that ensures no default increases. For example,
in the same scenario as above (1, = 20% and government borrowing is unrestricted), setting
Y = G = 0.5259 implies that the smallest a that ensures no defaults is equal to 15.9684, which
is higher than the benchmark economy. We verify that this borrowing cap does not bind: the

largest observed borrowing amount (private borrowing plus delayed taxes) is only 0.1306.%°

No-default equilibrium with government lending. We now consider an environment
without delayed taxation but with subsidized lending from the government, in which workers can

borrow up to a uniform limit of . The no default condition says that
V(7—177_27 G17 G27 :Z-’ a ‘ 0= 1) 2 U(Gl + gtliwl(l - 7—1) +a+ i.) - v(gcll) + BU(X) (G5)

The left-hand-side is now different because agents may borrow at a subsidized rate up to a cap
of . The right hand side is different because defaulting borrowers will exhaust both the private
borrowing cap, a, and the government cap, z. Ceteris paribus, a higher  increases the utility from

defaulting (on the right-hand side), thus necessitating a lower private borrowing cap, a.

When 7, = 20%, and the government’s own borrowing is unrestricted, Y = G = 0.5430,
and x = 0.1692, we have that the necessary a + & = 12.4969. The largest amount of borrowing
(including from both government and private lenders) is 0.1321. Hence, the a is not close to
binding.

Agent’s optimization when defaulting. As mentioned above, we verify that there exist
economically meaningful values for Y that allow for no-default equilibria by solving for the optimal
choices of an agent who chooses to default. Assuming additively separable preferences, an agent’s

utility when defaulting is given by

leo' 1 1+%
default __ 1 L 1
V = max — —— §1+% + pu(Y), (G6)
s.t. et =G+ (1 — (57’1)61101 +a. (G7)

The agent optimally chooses not to work in the second period, since any income would be seized by
creditors. Since the agent will default, they will always borrow up to the cap a, hence a appears as
unearned income in period 1. We assume that all (seizable) disposable income is seized regardless
of whether the agent defaults on regular debt or delayed taxes. Hence, if an agent defaults, the

agent defaults on both types of liabilities.
The FOC is

7o (1= o )wy = 0y, (G8)

4>Total borrowing amounts, for this comparison, are computed as —min(s®,0) + I LY. Where IL" is the implied
loan amount from the government as defined in Appendix H.
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which may be written

Hence, the optimal ¢; is given by

1 1/c 1
|:((ZT1)U}1] 61 ke = G + (1 — (57’1)[111)1 +a. (GlO)

This equation implicitly defines the optimal labor supply ¢ for a defaulting agent as a function of
the model parameters. Using this solution, we can compute V9@t and verify that for econom-
ically meaningful values of Y, the no-default conditions in the preceding analysis are satisfied,

ensuring that equilibria without default exist.

Government versus private lending costs. Our analyses focus on the case where 29 = z
and thus the government faces the same cost of capital in lending to workers as private lenders
do. However, we find this to be a conservative baseline. A possible justification for 29 < z is
that public agencies already have tax collection systems in place that are either complementary
to loan (and delayed tax) collection technology, or these systems have slack and are partially
substitutable.

Lucas and Moore (2010) perform a detailed estimation of the costs associated with govern-
ment involvement in the student loan market. In doing so, they highlight several potential sources
for a 29 — z wedge: no securitization fees, lower contracting costs (legal expenses), and higher
recovery rates due to government collection technology (e.g., Treasury Offset Program and ad-
ministrative wage garnishment). In the student loan context, they argue that larger loan amounts
have lower default rates due to these borrowers attending more elite institutions. The analogy
in our context is that delayed tax amounts are mechanically linked to pre-tax earnings levels,

implying that delayed taxes are less risky (in a per dollar sense) than regular borrowing.

H Notes on numerical solutions and R(s)

The simplicity of some of our theoretical results rely on R(s?) being locally linear at s' for all
i. One way to satisfy this is by assuming that R(s) is piecewise linear with a kink at s = 0 and no
agents are located with s' = 0. In our quantitative framework, we instead employ a continuously-
differentiable R(s) function that approximates such a piecewise linear function. This allows us
to avoid computational issues with a kinked budget constraint and ensures that the first-order

conditions (i.e., the Euler equation) always holds. Specifically, we define

s _ 14+ —mi1(s+m2)
Ris.me) = | R’(s)ds=<1+r>s—”;nfln( - (H1)
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where the derivative with respect to the first argument, s, equals

B r 4+ exp(—mq (s + ma))rp
= T ep(om (s +ma)) (H2)

Here, ry is the borrowing rate parameter, m; is a smoothing parameter, and ms is a shifting

parameter, and T is another shifting parameter that we will discuss shortly.

When mo = 0 and m; — oo, then these functions converge to their theoretical counterparts
(for s # 0). However, given numerical constraints, we need to choose the smoothing parameter
my large but finite. We therefore set m; = 100. To ensure that virtually no one with s > 0 has
R'(s) > 1+ r when Z = 0, we set the shifting parameter mo = 0.1. The orange line in figure A.4
shows R(s) when r = 0.03, r, = 0.10, m; = 100, £ = 0 and my = 0.1. With these assumptions,
the nonlinearity primarily takes place in the interval [—0.15, —0.05].

R(s,m) R'(s,1p)
T I I I
1 8 0.1} .
=
S
— O | N o)
= g
_1 [ | g
<
0.03 |- s
| | | | | | | | | | | |
-0.3 -0.2 —-0.1 0 0.1 0.2 -0.3 —-0.2 —-0.1 0 0.1 0.2
S S
FIGURE A .4

Government’s cost of capital. Appendix G provides the theoretical foundation for the

interest rate on private loans (r;) and the the government’s cost-of-capital for providing loans or

delayed taxation (r{). For the government, we use eqs. (H1)—(H2) using r{ instead of 7, and

letting z = 0:
R(s,r{,0) and R'(s,r],0). (H3)

Fiscal costs of lending. We assume that the cost of lending L, either via a subsidized loan

program or by delaying taxes, to a worker is given by

s 1+r
LO(L,s) = / . (1 - w) . (H4)

The first term inside the brackets equals the initial outlay. The second term is the present value

of the marginal repayment. Repayment occurs at a gross interest rate of 1+ r and is discounted
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by the marginal interest rate R'(s,r{). This specification makes implicit assumptions about the
(partial-equilibrium) timing. That is, agents first borrow in private markets, then s is determined,
and then the government’s lending costs are determined by s. Since R'(s,r]) is weakly decreasing
in s, the more an agent borrows, the higher the government’s lending costs. We write out the

analytical expression for LC' below.

s 1+
LC(L = 1o ——"° 4 5
(£,9) /s—L R'(s,r{,0) ° (H5)
? 147
a /S_L b | 4 rrepCmi(stma))ry ds (H6)

1+exp(—mi(s+m2))
ry—r <1+7“+(1—i—rf)exp(—ml(s—L—Fmg)))

mi(1+r]) 1+r+ (1+7r))exp(—mi(s + my)) (H7)

Note that LC(s,0) = 0. We plot LC(s,d) below, fixing L = 0.25 and r{ = r, = 10%
(annualized). We see that LC(s,0.25) > 0 for s equal to, e.g., 0.1. This occurs because the loan
amount exceeds net savings (by about 0.15). Hence s — L = —0.15, and thus the (final dollar of)
subsidized loans are discounted at R'(—0.15,77) > r. Also note that LC(s,0.25) ~ 0 for large
s. This is a desired property. For large s, individuals are indifferent about whether to take the
loan. Hence, everyone would be equally well off if they did not delay, hence for large s, delayed

taxation or subsidized loans should not impose any costs onto the government.

LC(s,0.25)
0.2 T T T T T T
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N
)
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-0.3 -0.2 -0.1 0 0.1 0.2
s

FIGURE A.5: Present-value cost of lending L.=0.25 via either delayed taxation or subsidized
lending

We also note that LC(s, L) as defined above is consistent with a different implementation of
delayed taxation. Suppose that the government instead guarantees the period-2 repayment of a
loan of at most L. This removes default risk, and the lender only requires an interest rate of r.
The marginal period-2 cash flows would be 1+ r (payment to private lender) and 1+ r (payment
from agent). The payment to the lender would be discounted by 1 + r while the repayment from
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the agent would be discounted at R'(s — L,r{,0). Simplifying the marginal costs, and taking the

integral from s — L to s produces the same formula, LC(s, L).

Implied borrowing needs. When implementing restrictions on government borrowing, we
require a measure of the implied loan amount relevant for calculating the government’s borrowing
needs. We define the implied loan amount, z, by equating values of interest subsidies for a liability
L = z+d. In the hypothetical linear interest scheme case, the value is z(r,—7). In the simulations,

the value equals the right hand side in the following expression.
S S
IL(s, L) (ry — 1) = / R (z,r)dz — / R(z,r)dz, (HS)
s—L s—L

where the first term, on the left hand side, is the interest payment for someone with savings
equal to s when nominal borrowing rates equal 7. The second term is the interest payment when
nominal borrowing rates equal . This second term can be rewritten (14 r)L. We can thus write
that

[2 L R(z,mp)dz— (1+7r)L

IL(s,L) = P , (H9)
1 1 4 e~ma(stma)
= —-In (1 G ) (H10)

This simplified expressions follow from letting the (1 + )L and then the r, — r terms cancel out.
This expression has some intuitively appealing properties. (i) For a fixed s, as L grows large,
IL(s, L) approaches L. That is, when someone borrows a large amount from the government,
this amount equals the implied borrowing amount. (ii) For a fixed L, as s grows large, IL(s, L)
approaches zero. That is, when someone is a net saver, far from the interest kink, the implied
loan amount is zero. These are the individuals who are indifferent to receiving subsidized loans
or delayed taxes. (iii) As s — —oo, IL(s,L) — L. That is, for deep borrowers, the implied

borrowing amount equals L.

For the purpose of calculating government borrowing needs, we thus ignore tax-payment
reductions and subsidized loan cash-flows in period 1 to calculate implied government borrow-
ing,

B=— Zm lﬁyi -G — IL(SZ'7 (1 =68yt + a:) — M117 (H11)

where x > 0 is the uniform subsidized loan amount and M; is the exogenous period-1 revenue

requirement.
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