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Debt Taxes During Crises, a Blessing in Disguise?

Julian A. Parra-Polania and Carmifia O. Vargas™

Models with an occasionally binding credit constraint are used to study
financial crises. We examine the welfare effects of implementing a policy de-
signed for a specific type of constraint when the economy is facing a different
one. To this purpose we analyze the implementation of ex ante (macropru-
dential) versus ex post debt taxes across four possible constraint scenarios
(depending on whether creditors assess current or future and total or dispos-
able income of debtors). Our main conclusion is that a debt tax applied only
during potentially constrained periods (ex post) is a better policy in three of
the four possible cases.
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1. INTRODUCTION

A strand of economic literature has analyzed financial crises in the con-
text of open economies that are occasionally credit constrained. Recent
studies (Vargas & Parra-Polania, 2021; Ottonello et al., 2022) highlight
the importance, in this analysis, of the information creditors use to assess
the borrowing capacity of potential debtors, namely, the specific form of
the credit constraint. Do creditors evaluate borrowing capacity based on
current or future income? Moreover, do they focus on pre-tax income (total
income) or post-tax income (disposable income)?

The relevance of the characteristics of the financial constraint raises sev-
eral questions. A central one concerns the welfare implications of imple-
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menting a policy designed for a particular type of credit constraint in an
economy actually facing a different one. For instance, what happens if a
macroprudential debt tax—recommended in the literature as welfare en-
hancing under a current-income borrowing constraint—is applied in an
economy that faces a future-income constraint? This paper addresses such
questions by examining the welfare effects of implementing one of two pol-
icy interventions: an ex ante (macroprudential) debt tax or an ex post debt
tax. These policies are evaluated across four potential credit constraint sce-
narios, derived by combining current/future income with total/disposable
income.

Since there are many possible intervention policies that could be consid-
ered, we limit the analysis to these two because they are shown to equalize
the decentralized equilibrium to the one obtained by a benevolent social
planner operating under discretion and, following common practice in the
literature, with restricted planning abilities (i.e., subject to both the same
financial constraint and the same pricing rule as private agents. See, e.g.,
Lorenzoni, 2008; Bianchi, 2011; Benigno et al., 2016). We do not consider
the social planner’s problem under commitment.

We find that imposing a debt tax during periods when the economy is po-
tentially constrained® (referred to as an ex post debt tax) is more beneficial
for welfare than a macroprudential one (i.e., a debt tax that applies during
normal periods only) if the economy faces a disposable-income constraint
(whether based on current or future income) or a future-income constraint
(whether based on total or disposable income). On the one hand, a macro-
prudential debt tax improves welfare under a current-income constraint
but reduces welfare under a future-income constraint. Under a current-
income constraint, a macroprudential debt tax reduces debt variability,
thereby mitigating the adverse effects of binding constraints. Instead, un-
der a future-income collateral constraint borrowing decisions are already
constrained efficient, therefore implementing a macroprudential policy dis-
torts those decisions, reducing welfare. On the other hand, an ex post debt
tax (returned to households via lump-sum subsidies) increases disposable
income but does not affect total income, and hence has a welfare-improving
impact when the economy faces a disposable-income constraint and has no
effect under a total-income constraint.

To give more context to our findings let us briefly recapitulate some
results obtained in the related literature. Previous studies establish that in
an economy under a current-total-income credit constraint, private agents
internalize the social cost of their borrowing decisions if a macroprudential
debt tax is used (e.g., Bianchi, 2011; Korinek, 2011). This result also

1We refer to “potentially” constrained periods since the implementation of the policy
may render the borrowing constraint non-binding in some periods that would otherwise
be binding.
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holds for the case of an economy under a current-disposable-income credit
constraint (Vargas and Parra-Polania, 2021). In economies under future-
total-income constraint, private agents make constrained-efficient decisions
(Ottonello et al., 2022) and hence no policy intervention is required to
internalize their social cost (eventhough their shadow value of borrowing is
different from the social planner one). In the present paper we demonstrate
that in this case (under a future-total-income constraint), there is an ex
post debt tax that entirely equalizes private agents’ equilibrium with that of
the social planner: that is, not only their borrowing decisions but also their
shadow values of borrowing are made equal. This result is a theoretical
curiosity with no policy-relevant effects (since in the absence of such an
intervention borrowing decisions were already constrained efficient). In
contrast, when facing a future-disposable-income constraint an ex post debt
tax increases debt capacity as it affects future disposable income positively:
it is expected to be collected in every potentially constrained period and
to be returned to households via lump-sum subsidies.?

We use a standard small open economy model (proposed by Mendoza,
2002) for which we only change the collateral constraint form to consider
the four possible abovementioned cases. We theoretically derive, for a gen-
eral model with an implicit utility function, the mentioned results by im-
posing state-contingent debt taxes on debt acquired in the current period,
either as a macroprudential policy, or as an ex post debt tax. To illustrate
our theoretical results, we assume a specific and standard utility funcion
(CRRA), simulate the different scenarios using standard parameter values,
and calculate the welfare effects of each.

The remainder of this paper is organized as follows. Section 2 presents
the theoretical framework and derives the core results. Section 3 presents
and discusses numerical examples. Section 4 concludes.

2. THEORETICAL FRAMEWORK

We adopt a canonical small open economy model with tradable and
nontradable goods and borrowing subject to collateral constraint.

The economy is populated by a continuum of households of size one.
A representative household seeks to maximize its lifetime expected utility
function expressed by

U=F , (1)

Z Bu(Cy)

2This requires lenders to expect the ex post debt tax to apply during future crises. We
assume this expectation holds, as this is a time-consistent policy, i.e., the policymaker
has no incentive to refrain from implementing it in subsequent crises (see Section 2.2 for
details).
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where F[-] is the expectations operator, u (-) is the well-behaved period
utility function, S is the discount factor and C; is the consumption index
which aggregates tradable (T') and nontradable (N) goods:

c,=c(cl,cl). (2)

Every period, this household receives a stochastic (and exogenous) bun-
dle of tradable and nontradable goods, Y, and YV, and has access to
international credit markets through one-period loans B;i; at an interest
rate r (R =1+ 7). The budget constraint, expressed in units of tradable
goods, is

ol + PNCYN + BB, = YT + PNYN 4 Byyy, (3)

where P} is the price of nontradables; the price of tradable goods operates
as the numeraire.

The household faces a collateral constraint; that is, it can borrow By
up to a fraction & of its income, such that B;y; < k% (INCOME). We con-
sider four types of collateral constraints depending on the income used for
assessing borrowing capacity. These four types arise from the combination
of two different features: a) whether the relevant income is the current one
or the next-period income; and b) whether the relevant income is the total
or the disposable one. This way, the four possible collateral constraints
are:

1. Current-total-income collateral constraint:

B <k (Y +PNYN). (4)

2. Current-disposable-income collateral constraint:
B <k (Y, +BYYN -T,), (5)

i.e., borrowers’ debt capacity is evaluated considering income after deduct-
ing taxes (T; > 0) or adding subsidies (T} < 0). T is taken as exogenous
by the household.
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3. Next-period-total-income collateral constraint:3
B < kB [Kﬁ?—l + nlilptl-\lf—l} : (6)
4. Next-period-disposable-income collateral constraint:

Bt-‘rl < K'Et I:Y;TH_ + }/t{l\{lptjil — Tt-‘rl] . (7)

As mentioned in the introduction, the specific form of the collateral con-
straint is decisive for the analysis of financial crises. An economy with a
collateral constraint determined by current income exhibits a pecuniary ex-
ternality and overborrowing. Instead, in an economy with a collateral con-
straint determined by future income, the decentralized (DC) equilibrium is
constrained efficient, and therefore there is no need for policy intervention
to equalize it to the allocations obtained by a benevolent social planner
(SP) under discretion.

Following common practice in the literature, we assume that private
agents and the policymaker observe the current values of all variables in
the model and know the probability distribution of the exogenous income
variables (Y7 and Y,V). Regarding the collateral constraint, we assume
that private agents know the specific form that they are facing while the
policymaker does not know it. For the sake of simplicity, we do not as-
sume that the policymaker assigns probabilities to the possible collateral
constraint forms. Instead, we analyze the consequences of the policymaker
assuming each form at a time, as if certain that it is the collateral private
agents are facing.

2.1. Solution to the household’s maximization problem

We denote by p; and A\; the Lagrange multipliers associated to the bud-
get and credit constraints, respectively. Non-tradable consumption is de-
termined by the market-clearing condition of that market, i.e., CN = Y,V.
The other first-order conditions for maximization in this decentralized (DC)
economy make up the following equation system:

pe = REEip 1 + A, (8)

3For this and the next case we consider the expected value operator (E[]) as in
Devereux et al. (2019). In contrast, Ottonello et al. (2022) use the minimum operator
(min []) but, as they remark, their results also hold for the expected-value case. In
terms of the environment to support the microfoundation of these constraint forms, the
minimum operator ensures debt repayment in every possible state; however, as shown
by Ottonello et al. (2022), the economy does not feature sudden stops and hence they
need to add other type of shocks (either stochastic volatility or shocks to the share of
income pledge as collateral). No additional shocks are needed in the expected-value case
for the economy to feature sudden stops.
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ury (CF) = pu, 9)
un, (CF)
pN=— " 10
t UT,t (CtT> ( )
CI'+ RB;, =Y/ + By, 1, (11)
>\t [K/ X (INCOME) — Bt+1] = 0, (12)

which includes the market-clearing condition for tradables, i.e., Equation

(11), and where ur, (C}) = v’ (Cy) (8C;/OCE) and un, (CF) = o/ (Cy) (9C/OCH).
This five-equation system provides a solution for C}', us, A, Biy1 and PN

for given values of {By, Y7, Y} } and the (consistent) expected values of

future variables.

If the economy is financially unconstrained in period ¢, then By <
k x (INCOME) and hence A; = 0, from Equation (12). Given this (and
the expected value of 11;41), p; is determined by Equation (8), in turn C}
is determined by Equation (9), and then P and B, are determined by
Equations (10) and (11), respectively.

If, instead, the economy is constrained, then A\; > 0 and Equation (12)
turns into Byy; = £ X (INCOME). The solution of the system depends
then on whether the relevant income in the collateral constraint is the cur-
rent or the future one. If it is the current one, then C{, B,;; and PN
are determined by the sub-system of Equations (10)-(12). Next, Equa-
tion (9) determines u, and finally Equation (8) determines \; (given the
expected value of pgy1). If instead the relevant income in the collateral
constraint is the future one, Byy; is determined by Equation (12) (given
the expected value of either total or disposable next-period income), then
CF is determined by Equation (11), P/ in turn is determined by Equation
(10), subsequently Equation (9) determines p¢, and finally Equation (8)
determines \; (given the expected value of pt41).

2.2. Policy interventions and welfare effects

This class of models, with occasionally binding collateral constraints that
are themselves a function of aggregate endogenous variables of the econ-
omy, are common in the study of sudden stops. With occasionally binding
constraints, individual private agents may not internalize the effect of their
decisions on the aggregate borrowing limit, leading to pecuniary external-
ities and inefficient borrowing. In this environment, a social planner (SP)
who faces the same borrowing constraint as the private agents (i.e., a con-
strained SP) but takes into account the consequences of her choices on the
market value of collateral would face a lower probability of being financially
constrained relative to a DC economy.
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These models have been extensively used for the analysis of optimal pol-
icy interventions that would reduce the probability and severity of sudden
stops, as well as their welfare implications. The interventions are focused
in two general sets of state-contingent policies: (a) macroprudential or ex
ante policies (i.e., policies implemented in good times to mitigate the fre-
quency and severity of financial crises in the future)*, and (b) ex post
policies aimed at dealing with the financial crises once it is in motion (i.e.,
policies implemented in potentially® constrained periods)®. Within these
two general sets (ex ante vs. ex post), there are also many possible poli-
cies depending on whether they are subsidies or taxes, whether they are
levied on nontradable or tradable consumption, or on their corresponding
prices, or on debt. Regarding optimal interventions, they can be derived
as optimal under discretion or under commitment.

Since there are many possible intervention policies that could be consid-
ered, in the present paper we limit the analysis to those two that equalize
the DC equilibrium to the one obtained by a benevolent SP under discre-
tion: an ex ante debt tax, that equalizes DC and SP equilibria in economies
under current-income credit constraints (e.g., Bianchi, 2011; Korinek, 2011;
Vargas and Parra-Polania, 2021), and an ex post debt tax, that equalizes
DC and SP equilibria in economies under future-income credit constraints
(as shown in Proposition 3 below).”

Specifically, the interventions we analyze are state-contingent debt taxes
(1¢) which are issued on debt acquired in period ¢ (i.e., Byy1). As a macro-
prudential policy, the debt tax would be positive during unconstrained
times and nil during credit-constrained periods. As an ex post debt tax,
it would be positive only during potentially constrained periods and nil
during the unconstrained ones. In both cases, the corresponding tax is
returned to the household in the same period through a lump-sum subsidy

Tt = —’TtBt+1 < 0.

4e.g., Bianchi, 2011 ; Bianchi and Mendoza, 2018; Jeanne and Korinek, 2019.

5By using the expression “potentially constrained periods”, we want to emphazise that
the ex post debt tax applies only in those periods when, were the tax not issued, the
economy would be financially constrained. As a result of the tax, during those periods
the economy might still be financially constrained but with lower severity, or it might
not be financially constrained altogether.

6e.g., Benigno et al. 2016; Bianchi 2016; Jeanne and Korinek 2020

"While we consider four possible scenarios for the credit constraint, we solve only two
distinct SP problems: one based on current income and the other on future income.
In both cases, total income is used because the SP problem does not involve taxes
or subsidies, and therefore, there is no distinction between pre- and post-tax/subsidy
income. In the standard Ramsey framework for optimal taxation, taxes and subsidies
serve as instruments for the policymaker in a decentralized economy to internalize the
social cost of private decisions. Consequently, they are not part of the SP problem itself.
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Either as an ex post or an ex ante policy, the debt tax 7, changes Equation
(8) in the system of first-order conditions to

(]. — Tt) Mt = RﬁEt/LtJrl + >\t~ (81)

Equations (9)-(11) remain unchanged.®

In what follows, we describe the theoretical implications of implement-
ing these debt-tax policies in each one of the models determined by the
collateral-constraint types described in Equations (4) to (7).

Current-total-income collateral and macroprudential debt tax

In an economy described by Equations (1) - (3) and a collateral constraint
determined by current-total income, as in Equation (4), a macroprudential
debt tax implements the SP solution in the DC economy (demonstrated
in, e.g., Bianchi, 2011; Korinek, 2011). That is, a macroprudential debt
tax reduces the probability of being financially constrained, implements
constrained-efficient allocations, and thus increases social welfare.

Current-total-income collateral and ex post debt tax

PROPOSITION 1. In the economy described by Equations (1) - (3) and
the collateral constraint that depends on current-total income, as in Equa-
tion (4), an ex post debt tazx leaves unchanged the equilibrium allocation.
Therefore, social welfare is not affected by levying such a taz.

Proof. During constrained periods, an ex post debt tax 7; is nonzero but
it only affects the determination of A; (as explained in subsection 2.1), and
CF | Biy1 and PV are determined independently of Equation (8.1). During
unconstrained periods, an ex post debt tax 7; is nil. Therefore, the final and
unique effect of 74 on the equilibrium is rescaling \; during constrained peri-

ods. |

The current-total-income collateral constraint is the most commonly used
financial constraint in the related literature. As a conclusion from the
above results, when the collateral constraint is determined by current-total
income, the policy intervention that implements the SP solution and in-
creases social welfare is a macroprudential debt tax. Instead, as demon-
strated in Proposition 1, an ex post debt tax causes no effect on social
welfare and in that sense it is equivalent to implementing no policy.

8Notice that as the debt tax is returned to the household as a lump-sum transfer in
the same period, they cancel each out in the budget constraint.
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Current-disposable-income collateral and macroprudential debt tax

Vargas and Parra-Polania (2021, Proposition 4) prove that the SP solu-
tion can be implemented in a DC economy described by Equations (1) - (3)
and facing a current-disposable-income constraint (Equation (5)) by means
of the same macroprudential debt tax that implements such a solution
in that DC economy but instead facing a current-total-income constraint.
Consequently, imposing the macroprudential tax is welfare improving in
this case.

Current-disposable-income collateral and ex post debt tax

PROPOSITION 2. In an economy described by Equations (1) - (3) and
with collateral constraint that depends on current-disposable income, as
in Equation (5), an ex post debt tax increases borrowing capacity during
potentially-constrained periods, and hence welfare is improved. Further-
more, the higher the debt tax, the higher the borrowing capacity, and the
higher the welfare.

Proof. The first statement of the proposition is straightforward and
follows from the corresponding collateral constraint, Equation (5): dur-
ing potentially-constrained periods (i.e. when the economy would be con-
strained in the absence of any policy intervention), the debt tax is col-
lected (7 > 0) and it is returned to households via a lump-sum transfer
—T, = 1, By41, increasing borrowing capacity.

Furthermore, as explained above in this subsection, an ex post debt tax
transforms Equation (8) into Equation (8.1) during potentially-constrained
periods and, as explained in subsection 2.1, this only affects A. Therefore
the only relevant change for the determination of the equilibrium allocation
that results from implementing such a tax is the partial (or even total)
relaxation of the financial constraint, thereby making feasible allocations
that yield higher levels of utility.

The last statement of the proposition can be derived from Equation (5)
as well. When an ex-post debt tax is levied, this collateral constraint can
be rewritten as follows

Bi1 <[5/ (1= wm)] (V" + PYYY).
The right hand side of this equation (i.e. the borrowing capacity) is increas-

ing in 7. |

Although borrowing capacity cannot be infinitely increased ( if 7, — 1
borrowing capacity tends to [/ (1 — k)] (YT + PYY)), for some parame-
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ter combinations the impact might be sufficiently high such that the collat-
eral constraint is not binding in any period, as we illustrate in our numer-
ical example below (see Section 3). However, as remarked by Vargas and
Parra-Polania (2021) regarding this type of results, implementation issues
should be considered as it seems unfeasible to use debt of a specific pe-
riod to increase the borrowing capacity on which that same debt depends,
particularly considering that such a capacity is assessed before the loan is
disbursed.

In conclusion, when the collateral constraint is determined by current-
disposable income, both policies (a macroprudential and an ex post debt
tax) increase social welfare. The macroprudential debt tax implements
the SP allocation and an ex post debt tax has the potential to make the
economy financially unconstrained. Although both interventions increase
social welfare, the macroprudential debt tax results in a specific welfare
gain, i.e., the one derived from implementing the SP allocation in the de-
centralized economy. Instead, the welfare gain from an ex post debt tax
arises from increasing repayment capacity (mitigating the negative impact
of the financial constraint) and, therefore, varies with the tax level im-
posed. This positive welfare effect is increasing in the level of the debt tax.
Consequently, in many instances the policymaker could raise the tax level
to obtain a welfare gain greater than the one obtained with the macro-
prudential policy. In fact, as we illustrate in Section 3 for a specific but
standard set of parameter values, it is possible for the policymaker to make
the economy financially unconstrained, through a sufficiently high ex-post
debt tax.

Future-total-income collateral and ex post debt tax

Ottonello et al. (2022) show that the DC equilibrium in an economy
under a future-income collateral constraint (as in Equation (6)) is already
constrained efficient; that is, there is no difference between the SP equilib-
rium allocation and that of the DC economy (these equilibria only differ
in their shadow values of borrowing A\#” vs );). Therefore, implementing
an ex-post policy in this case does not affect the DC allocation. It only
rescales A in the same way that such a policy does in the economy with a
collateral constraint that depends on current-total income.

For the subsequent discussion it is useful to show that there is a policy
intervention that equalizes all values of both equilibria (DC and SP), i.e.,
including the Lagrange multipliers \¥" and );. To this purpose let us start
by recalling that since each household has an insignificant impact on the
market, it takes prices as given. Instead a SP, subject to the same financial
constraint, internalizes the effect of borrowing and consumption decisions
on prices. Following the constrained-efficiency criterion (i.e., as mentioned
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in the introduction, we assume the SP is constrained by the same pricing
rule of the DC equilibrium), it can be verified that the first-order conditions
for the SP equilibrium are equal to those for the DC equilibrium, Equations
(6) and (10)-(11), except for the case of Equation (8) that turns into

= REE L + N7 (L+ Belh) (82)

where E,5F, = HEt[ m( P;jff’/actﬂfp)( crs /aBtH)} Re-
member that during unconstrained periods A = 0, and hence these equa-
tions, (8) and (8.2), only differ during constrained periods.

PROPOSITION 3. For the DC economy described by Equations (1) - (3)
and under the future-total-income financial constraint (6), there exist an
ex post debt tax rate that implements the SP equilibrium. This tax does not
alter the welfare level.

Proof. In this economy, private agents make constrained-efficient de-
cisions; then, the DC and SP equilibria are equal except for their shadow
value of borrowing (Ottonello et al., 2022). To implement the SP equilibria
it will be enough to equalize Equations (8.1) and (8.2) during constrained
periods. It can be easily verified that the following debt tax fulfills that
purpose:

M B
Kt ’

where we have taken into account that, as a result of this tax, both equilib-
ria are exactly the same, including ¥4 = @[Jtsﬁ. Notice that during normal

times (i.e., Ay = 0) the tax is nil. ||

Tt =

The implementation of this debt tax that equalizes the SP and the DC
equilibria is a theoretical curiosity with no policy relevance since the SP
and DC allocations are already equal in the absence of any intervention,
and the only difference between both equilibria is the fact that the shadow
value of borrowing for the SP is a rescaled version of that for the DC
economy.

Future-total-income collateral and macroprudential debt tax

As mentioned in the previous case, decisions in a DC economy facing a
future-income constraint are already constrained efficient, and therefore no
intervention is required to equalize SP and DC allocations.

PROPOSITION 4. Implementing the macroprudential debt tax in a DC
economy described by Equations (1) - (3) and under future-total-income
collateral constraint, Equation (6), reduces welfare.
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Proof. As explained above in this subsection, the macroprudential debt
tax transforms Equation (8) into Equation (8.1) during unconstrained pe-
riods. As explained in subsection 2.1, this change affects the determination
of CF', Byy1 and P} equilibrium values.

Furthermore, as the relevant income for the collateral constraint is the
total rather than the disposable one, there is no effect on borrowing capac-
ity associated to lump-sum transfers. Therefore the implementation of the
macroprudential tax does not relax the financial constraint but distorts the
equilibrium allocation that was, in the absence of the tax, constrained effi-
cient (as demonstrated by Ottonello et al., 2022) thereby reducing wel-
fare. |

In conclusion, when the collateral constraint is determined by future-
total income, the DC equilibrium is constrained efficient and hence equilib-
rium allocations are equal to those of the SP equilibrium without the need
of any intervention policy. On the one hand, implementing a macropru-
dential debt tax reduces social welfare since then private agents’ decisions
would deviate from the constrained efficient ones. On the other, an ex
post debt tax does not affect consumption and future debt decisions and
in that sense it is equivalent to implementing no policy (as in the current
total income case). Such a tax is a theoretical curiosity that equalizes the
shadow value of borrowing of the DC equilibrium to that of the SP, with
no effect on allocations.

Future-disposable-income collateral and ex post debt tax

PROPOSITION 5. In an economy described by Equations (1) - (3) and
under a collateral constraint determined by future-disposable income, as
defined in Equation (7), an ex-post debt tax increases the borrowing ca-
pacity of the economy during potentially-constrained periods (as long as in
those periods there is a positive probability that the economy will remain
constrained in the next period). As a result, welfare improves.

Proof. Tt follows from Equation (7) and the fact that the relevant income
for determining current borrowing capacity is the one expected for the next
period. To the extent that there is a positive probability that the credit
constraint will bind in the next period, there is also a positive expected
value of tax collection (Fy7¢11 > 0) that will be returned to households
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via a lump-sum transfer —F;Ty11 = Eym11 B2 > 0, increasing current
borrowing capacity.’

Furthermore, as explained above (in this subsection) an ex post debt tax
transforms Equation (8) into Equation (8.1) during potentially-constrained
periods and, as explained in subsection 2.1, this only affects A. Therefore,
the only relevant change for the determination of the equilibrium allocation
that results from implementing such a tax is the partial relaxation of the fi-
nancial constraint, thereby making feasible allocations that yield higher lev-

els of utility. |

In general, the expected effect on welfare would be small in this sce-
nario (as illustrated below in the numerical example) since the impact on
borrowing capacity depends not on a sure-to-occur transfer, like in the
current-disposable-income case, but on the expectation of a transfer (i.e.,
it will occur with some probability). Furthermore, since decisions in the
future-income models are constrained efficient in the absence of interven-
tions, it is in general expected that the space for welfare improvement be
smaller than the one in the current-income models.

Future-disposable-income collateral and macroprudential debt tax

Equivalent to the scenario with future-total-income collateral constraint,
the DC equilibrium under the future-disposable income collateral is con-
strained efficient. Therefore, implementing the macroprudential debt tax
has a negative effect on social welfare since it distorts decisions that are, in
the absence of the intervention, constrained efficient. However, because in
this scenario the relevant income for the collateral constraint is the future-
disposable one, the macroprudential debt tax also has a positive effect
since the borrowing capacity of the economy is increased due to the proba-
ble next period transfer (which will occur if the economy is unconstrained
in the next period and hence the macroprudential tax applies). The final
effect on welfare is in principle ambiguous and will depend on the parame-
ter values. In particular, it is negative for our numerical example (see next
section) which employs very standard values.

Notice that this policy is time inconsistent because of the timing of the
effects: the expectation of the tax applying in the future yields a positive
effect today but, when the time comes to activate it, the policymaker has
incentives not to do so since there will be a negative impact on welfare (as
a consequence of distorted decisions). Consequently, the activation in the
future of this macroprudential tax would be noncredible.

9This requires that if the credit constraint binds again in ¢+ 1 the debt tax will apply.
Notice that the policymaker will have no incentives to not activate the tax since it causes
no harm to the economy in that period (i.e., it is not a time-inconsistent policy).
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In conclusion, if the collateral constraint is determined by future dispos-
able income, an ex post debt tax is expected to have a positive welfare
effect, while a macroprudential policy would be time inconsistent and thus
not credible (assuming full credibility, its final effect would be negative for
standard parameter values).

TABLE 1.

Welfare effects of debt tax policies for each collateral constraint type

Macroprudential
debt tax

Ex-post debt tax

Current total income

Implements SP allocation.
Increases welfare.

No effect on allocations.
No effect on welfare.

Current disposable income

Implements SP allocation.
Increases welfare. Same ef-
fect as with current-total-

income.

Positive effect on borrowing
capacity. Effect increasing
on debt tax level. Increases
welfare.

Future total income

It distorts agents’ decisions
during unconstrained peri-

No effect on allocations.
Therefore, no effect on wel-

ods, reducing welfare. fare.

Future disposable income

Effect is ambiguous. For
standard parameter values,
there is reduction in welfare.

Time-inconsistent policy

Table 1 summarizes the derived social welfare results of applying either
a macroprudential debt tax or an ex post debt tax under each of the four
types of collateral constraints considered. The macroprudential debt tax
increases welfare in economies with a collateral constraint that depends
on current income, either total or disposable. Instead, in economies under
constraints that depend on future income, the macroprudential debt tax
distorts decisions that are already constrained efficient, reducing welfare.
With regard to an ex post debt tax, this policy has no effect on welfare when
the collateral constraint depends on total income; however, it increases
welfare, by increasing borrowing capacity, when the collateral constraint
depends on disposable income.

Another relevant consideration for policy makers would be the size of
the welfare effects obtained from implementing one or the other policy in
each context. In the next section, we present numerical results based on
simulations for the scenarios considered under standard parameter values.

Positive effect on borrowing
capaci ty Increases welfare.




DEBT TAXES DURING CRISES, A BLESSING IN DISGUISE? 721

3. NUMERICAL EXAMPLES

For the simulations, we solve the model using a global nonlinear method
similar to the one described by Bianchi (2011). It is based on a basic
iteration algorithm that takes into account the existence of the credit con-
straint and its occasional activation. Initial values are assumed for the
endogenous variables and for the relevant expectations of future variables
(according to each case). An initial solution of the equation system is ob-
tained for each state - i.e., for given values of { B, Y7, Y} }- (as described
in subsection 2.1). The consistency of this solution (expectations and the
binding/nonbinding condition of the constraint in each state) is verified
and (according to a tolerance level) it is determined if a new iteration is
required until there is convergence.

TABLE 2.
Parameter values for each type of collateral constraint
Parameter Value

Interest rate R 1.04
Coefficient of relative risk aversion o 2.00
Intertemporal elasticity of substitution 13 0.83
Average value of tradable endowment process yT 1.00
Autocorrelation of tradable endowment ot 0.50
Standard deviation shocks to tradable endowment or 0.04
Weight of tradables in CES w 0.31

Current | Future

Income | Income
Subjective discount factor 154 0.91 0.93
Credit constraint parameter K 0.32 0.29

We suppose that the household’s utility function is of a CRRA form,

the total consumption aggregator is a CES function between tradable and
nontradable consumption. For the models with the financial constraint
expressed in terms of current income, we set the same parameter values
assigned by Bianchi (2011), with the non-tradable endowment Y, nor-
malized to one and the tradable endowment Y,I following a log AR(1)
process (See Table 2). Under the current-total-income financial constraint
these parameter values imply a frequency of crisis equal to 6.2%.19 For
the models with the constraint determined by future income, we use the

10As is standard in the previous literature, a crisis period is defined by the presence
of two events: a) the collateral constraint is binding, and b) the current account value
is at least one standard deviation above its steady state average.
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same parameter set except for two that we recalibrate to match the same
frequency of crisis: the discount factor £, and the coefficient in the credit
constraint x. The resulting values are equal to those used by Ottonello
et al. (2022) in their model with future income and financial shocks, i.e.,
£ =0.93 and k = 0.29.

The following analysis is based on the results for the stochastic steady
states of the corresponding models, i.e., using the ergodic distribution of
{B,YT}, obtained from 100-thousand-draw simulations. Specifically, we
compute the welfare gain (loss) of implementing a specific policy following
the consumption-compensating variation, that is to say, as the percentage
reduction (increase) in consumption -across all periods and states- that
would make the consumer indifferent between the equilibrium with the
policy implemented and the one with no intervention. As in the theoretical
section, in all cases we solve the model under discretion, and hence do not
consider solutions under commitment.

Results for collateral constraints with current income

For the current-income collateral economy, as stated in the abovemen-
tioned theoretical results, implementing the macroprudential debt tax gen-
erates welfare gains. Furthermore, those gains are equal for both the total
and the disposable-income financial constraints. The mean of the welfare
gain is 0.12% of consumption and the standard deviation 0.01%.! The left
panel in Figure 1 shows the (ergodic) distribution of the welfare gain, which
takes values between 0.09% and 0.15%, and the right panel illustrates how
the welfare gain varies according to the initial level of debt and for three
different initial levels of income: low (dashed line), medium (solid line),
and high (dash-dotted line) which are, respectively, the lowest, the aver-
age, and the highest levels of tradable endowment Y,” in the distribution
considered. The right panel shows that the welfare gain from implementing
a macroprudential debt tax is, in general, increasing in the initial level of
debt; however it becomes decreasing for combinations of low initial lev-
els of income and high initial levels of debt. For those combinations, the
crisis probability is high; therefore, the macroprudential debt tax has a
low probability of mitigating or preventing the upcoming crisis and hence
the welfare gain is lower (of course, it still has a mitigation effect on more
distant potential crises).

For the case of an ex-post debt tax implemented in an economy under
current-total-income financial constraint, as we demonstrated in Proposi-

HFigure Al, in the appendix, displays the tax value varying (between 0% and 14.8%)
across levels of income and debt. They correspond to the optimal values of the macro-
prudential debt tax, i.e., the ones that equalize the DC to the SP equilibrium (under
discretion) for the current-income collateral economy with the parameter values of Table
2.
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FIG. 1. Welfare Gain: macroprudential tax in the current-income case
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tion 1, there is no effect on the equilibrium allocation, and thus there is no
welfare change.

Instead, as proved in Propositon 2, issuing an ex post debt tax when
current-disposable income is the relevant one in the collateral constraint
results in a welfare gain which, in addition, increases with the level of the
debt tax. It is even possible to avoid being financially constrained. For the
parameters considered, we find that an ex post debt tax that lies between
1% and 44.5% (conditional on the circumstances: increasing in the level of
debt and decreasing in the level of income), which applies only when the
financial constraint would bind (in the absence of the tax), it is possible
to reach a nonbinding collateral constraint equilibrium.'? The mean of the
welfare gain is 0.38% and the standard deviation 0.34%. The left panel
of Figure 2 shows the (ergodic) distribution of the welfare gain, which
takes values between 0.19% and 3.0%, and the right panel illustrates how
the welfare gain varies according to the level of initial debt and for low
(dashed line), medium (solid line) and high (dash-dotted line) initial levels
of income. The welfare gain from an ex post debt tax in this economy
is increasing in the initial level of debt. Since in this case the debt tax
prevents being financially constrained, the greatest impact on welfare is
reached for combinations of low initial levels of income and high initial
levels of debt.

Results for collateral constraint that depends on future income

12Fjgure A2, in the appendix, displays the tax value varying across levels of income
and debt. In this case we have made a search for values of the ex post debt tax that
are sufficiently high (see Proposition 2) to reach a nonbinding collateral constraint equi-
librium in a current-disposable-income collateral economy with the parameter values of
Table 2.
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For the future-income collateral constraint economy, we know from the
result found by Ottonello et al. (2022) that there is no difference, in terms
of welfare, between the DC equilibrium and the one obtained by the SP
(under the same constraint). In the case of the future-total-income financial
constraint, the ex-post debt tax has no effect on welfare (Proposition 3) and
the macroprudential debt tax only distorts constrained-efficient decisions,
thereby deteriorating welfare (Proposition 4). By implementing the same
values of the macroprudential tax from the current-income case, we obtain
a reduction in social well-being.'® The mean of the welfare loss is 0.016%
and the standard deviation 0.002%. The left panel of Figure 3 shows the
(ergodic) distribution of the welfare loss, which takes values between 0.01%
and 0.02%, and the right panel illustrates how the welfare loss from a
macroprudential debt tax varies according to the initial level of debt and
for low (dashed line), medium (solid line) and high (dash-dotted line) initial
levels of income. The welfare loss is increasing in the initial level of debt
and decreasing in the initial level of income.

FIG. 2. Welfare Gain: ex post tax in the current-disposable-income case
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Results are somewhat similar when levying a macroprudential debt tax
under the future-disposable-income financial constraint. The mean of the
welfare loss is 0.012% and the standard deviation 0.002%. However, as
mentioned above, this scenario presents an offsetting effect coming from
the fact that debt capacity is increased due to the expected lump-sum
transfers (which reimburse future debt tax payments) and the welfare loss
is therefore lower than in the total-income case. The benefit from increasing
debt capacity is greater in cases with low initial levels of income and high
initial levels of debt such that for those states the welfare loss becomes

13We assume that the policymaker applies the optimal macroprudential debt taxes
from an economy under current-income collateral constraint in this economy that actu-
ally faces a future-total-income collateral constraint.
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FIG. 3. Welfare Gain: macroprudential tax in the future-total-income case
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decreasing in the initial level of debt -at least for the particular calibration
considered here- (see Figure 4).

FIG. 4. Welfare Gain: macroprudential tax in the future-disposable-income case
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These results have been obtained for illustration purposes under the as-
sumption that the future activation of the macroprudential tax is fully
credible; however, it must be remembered that, as explained in the previ-
ous section, this scenario corresponds to a time-inconsistent policy.

Finally, let us consider the case of an ex-post debt tax implemented in an
economy under a future-disposable-income financial constraint. As proved
in Proposition 5, such a policy causes no distortion to constrained-efficient
decisions (unlike the macroprudential policy) and increases debt capacity
due to the expected transfers, improving welfare. For the particular cal-
ibration considered here, those welfare gains are relatively small'#: the

MWe consider an ex post tax level between 0.06% and 30.7% -increasing in the level
of debt and decreasing in the level of income-. With such a tax the frequency of crisis
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mean of the welfare gain is 0.013% and the standard deviation is 0.002%

(see Figure 5).

FIG. 5. Welfare Gain: ex post tax in the future-disposable-income case
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Table 3 summarizes all the welfare results from the simulations carried

out in this section.

TABLE 3.

Welfare gain (consumption-compensating variation in %) by collateral

constraint and debt tax policy

Welfare gain Macroprudential | Ex post
debt tax debt tax
Current total income | Average 0.12 0
Standard deviation 0.01
Current disposable Average 0.12 0.38
income Standard deviation 0.01 0.34
Future total income Average —0.016 0
Standard deviation 0.002
Future disposable Average —0.012 0.013
income Standard deviation 0.002 0.002

4. CONCLUSION

The specific form of the collateral constraint is not innocuous for the
analysis of financial crises. As previous literature has shown, an econ-
omy with a collateral constraint determined by current income exhibits a
pecuniary externality and overborrowing. Instead, in an economy with a
collateral constraint determined by future income, the DC equilibrium is

reduces to 2.2%. Figure A3, in the appendix, displays the tax value varying across levels
of income and debt.
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constrained-efficient, and therefore there is no need for policy intervention
to equalize the DC and SP optimal allocations.

In this paper, we study the welfare consequences of implementing a pol-
icy designed for a particular type of credit constraint in an economy that
is actually facing a different one (e.g., implementing a macroprudential tax
— suggested by the related literature as the convenient one for a current-
income borrowing constraint — in an economy actually facing a future-
income constraint). Particularly, we analyze the welfare effects of imple-
menting either of two policies: an ex ante (or macroprudential) debt tax or
an ex post debt tax, across the four possible collateral constraint scenarios
(derived by combining current/future with total/disposable income).

We find that imposing an ex post debt tax is a more favorable inter-
vention policy — with regard to welfare — than a macroprudential debt
tax in three of the four scenarios considered. The macroprudential debt
tax is welfare improving when the economy faces a current-income credit
constraint but welfare reducing with a future-income one (whether total or
disposable). Under a current-income collateral constraint, a macropruden-
tial debt tax reduces debt variability which helps to mitigate the negative
effects when the credit constraint binds. In contrast, with a future-income
collateral constraint, borrowing decisions are already constrained-efficient,
and the macroprudential policy reduces welfare by distorting these deci-
sions. Instead, an ex post debt tax (returned to households via a lump-
sum subsidy) increases disposable income but does not affect total income,
and hence it has a welfare-improving impact when the economy faces a
disposable-income credit constraint and no effect when it is a total-income
one.

For the scenarios considered, the macroprudential debt tax reduces wel-
fare when applied in an economy with a collateral constraint determined by
future income. To avoid unintended welfare reductions, the most favorable
policy is an ex post debt tax. At worst, it does not affect welfare, and
at best, it can increase welfare when the collateral constraint depends on
disposable income.

APPENDIX

Figure A1 displays the optimal values of the macroprudential debt tax
(i.e., the ones that equalize the DC to the SP equilibrium under discretion)
varying across levels of income and debt for the current-income collateral
economy with the parameter values of Table 2.

Figure A2 presents an example of ex post debt tax values, varying
across levels of income and debt, that are sufficiently high (see Proposi-
tion 2) to reach a nonbinding collateral constraint equilibrium in a current-
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Figure Al. Macroprudential tax values
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disposable-income collateral economy with the parameter values of Table
2.

Figure A2. Ex post tax values for the current-disposable-income
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The debt tax is nonzero for potentially constrained periods only.

Figure A3 presents an example of ex post debt tax values, varying across
levels of income and debt, to illustrate that in an economy with a future-
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disposable-income collateral constraint -and under standard parameter val-
ues (see Table 2)- implementing such a tax yields welfare gains, albeit very
modest ones. With these tax values, the frequency of crisis drops signifi-
cantly, from 6.2% to 2.2%; however, the average welfare gain is small, just
0.013% (see Table 3).

Figure A3. Ex post tax values for the future-disposable-income
case
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