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Abstract

In this paper, we incorporate diagnostic expectations into the standard small open
economy model with an occasionally binding constraint. Diagnostic expectations are
a forward-looking model of belief formation characterized by an overreaction to re-
cent news. We find that diagnostic expectations exacerbate crisis dynamics and gener-
ate realistic boom-bust credit cycles through the interaction of overreaction to news,
neglect of risk, and the borrowing constraint. Optimal macroprudential policy mainly
addresses the pecuniary externality and corresponding overborrowing in normal times,
while mitigating underborrowing induced by over-pessimism during financial crises.
Policymakers often advocate for a macroprudential policy of “leaning against the wind,”
while the standard quantitative model typically recommends “fueling the economic
boom.” By introducing extrapolative belief distortions, our framework reconciles this
disconnect and aligns the quantitative policy prescription with conventional policy-

making wisdom.
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1 Introduction

Two paradigms dominate the study of financial crises. The first, formalized in the “sudden
stops” literature, focuses on a fire-sale amplification mechanism, as described by Fisher (1933),
where individually rational deleveraging decisions collectively depress asset prices and deepen
adownturn. The corresponding policy prescription is to address the pecuniary externality which
arises because individuals fail to internalize the effect of their decisions on equilibrium prices
(Bianchi, 2011, Bianchi and Mendoza, 2018). The second paradigm, following Minsky (1977)
and Kindleberger (1978), attributes credit cycles to waves of excessive optimism and pessimism
and describes how a euphoric, credit-fueled boom can suddenly reverse into a panic-driven
crash. This second view suggests that policy should directly counter these behavioral distor-
tions (Farhi and Werning, 2020). While these two frameworks are often treated as distinct, a
crucial gap exists in formally linking them.

Identifying the specific behavioral friction that gives rise to Minskyan boom-bust dynamics
within a quantitative model remains a subject of intense research. Diagnostic expectations—a
psychologically-grounded theory in which agents systematically overreact to new information
(Tversky and Kahneman, 1983, Bordalo et al., 2018)—offer a compelling and tractable foun-
dation. As shown by Bordalo et al. (2022), models based on diagnostic expectations feature
forward-looking agents and explicitly address the Lucas (1976) critique, distinguishing them
from alternative approaches such as adaptive expectations. Furthermore, diagnostic expec-
tations closely align with empirical evidence, as they successfully account for the overreac-
tions documented in survey, experimental, and news announcement data (Bordalo et al., 2020,
Afrouzi et al., 2023, Kwon and Tang, 2025).

To bridge the gap between these two paradigms, we embed diagnostic expectations (hence-
forth, DE) within a standard small open economy model of Bianchi (2011) that features an oc-
casionally binding collateral constraint. Our approach creates a unified framework where belief
distortions drive the initial boom and subsequent bust, while a pecuniary externality dramati-
cally amplifies the crisis. This framework allows us to dissect the interaction between these two
core mechanisms and provide new insights into whether macroprudential policy should aim
to tame expectations, mitigate fire sales, or both. Additionally, while standard models exhibit
credit busts during crises, they often struggle to generate the credit booms that precede them.
In contrast, our model with a reasonably calibrated diagnosticity parameter reproduces realis-
tic boom-bust credit cycles. It successfully generates significant pre-crisis debt accumulation
driven by over-optimism, followed by sharp credit busts during the crisis.

Moreover, our model with DE encompasses endogenous states of both overborrowing and

underborrowing, given a standard parameterization. Borrowing decision rules are determined



endogenously as an outcome of the recursive equilibrium with diagnostically distorted beliefs.
As a result, diagnostic agents tend to borrow more than optimal when they are optimistic (in
response to good news) and less when they are pessimistic (in response to bad news). On aver-
age, agents exhibit overborrowing behaviors over business cycles and underborrowing behav-
iors during crises. This result complements Schmitt-Grohé and Uribe (2021), who find that the
standard small open economy model with a flow constraint can generate multiple equilibria,
including overborrowing and underborrowing, under specific parameterizations.

Additionally, incorporating DE into the standard model designed to study macropruden-
tial policy helps reconcile the disparity between theory and practice. Schmitt-Grohé and Uribe
(2017) show that the model of Bianchi (2011) recommends tightening the macroprudential
regulation during crises, which is at odds with the conventional wisdom of policymakers. We
bridge this gap by embedding DE into the model of Bianchi (2011). In the baseline exercise, we
focus on the case where the social planner holds rational expectations (henceforth, RE) while
individual households have DE. We analytically show that optimal debt taxes implemented in
the decentralized competitive equilibrium address two components: (i) the pecuniary external-
ity adjusted by interactions with DE, and (ii) pure expectation corrections between the rational
social planner and diagnostic households. In equilibrium, the optimal debt tax rate rises when
the amount of debt increases or when households become optimistic in a good news state.
Conversely, the debt tax rate should be reduced when the amount of debt decreases or when
households become pessimistic. Interestingly, the debt tax rate can even become negative (im-
plying subsidies) when households are pessimistic in a bad news state, indicating that this state
is in the underborrowing region.

As a result, the optimal debt tax becomes countercyclical with regard to output (consistent
with the conventional wisdom of leaning against the wind) in the model with DE, while the
Bianchi (2011) model generates a procyclical optimal debt tax. This is because, under DE, debt
tax rates need to be raised in response to good news and associated overborrowing, which of-
ten coincides with output booms. In contrast, the Bianchi (2011) model suggests increasing the
debt tax to address intensified overborrowing that typically leads to crises, a period when reces-
sions are likely and the borrowing constraint is also likely to bind.

To reconcile the cyclicality of optimal policy with conventional wisdom, Schmitt-Grohé and
Uribe (2017) modifies the Bianchi (2011) model by adding interest rate shocks and altering
households’ discount factors. However, these modifications do not change the sign of the cycli-
cality of optimal policy and often fail to match data, such as underpredicting the frequency of
financial crises. In contrast, our model maintains its explanatory power in matching business

cycles and crisis dynamics observed in data while successfully reproducing the countercyclical



optimal tax, aligning with conventional wisdom.! Our results on the countercyclicality of op-
timal debt taxes are robust to alternative parameterizations, including different levels of diag-
nosticity, tightness of borrowing constraints, discount factors, and the persistence and volatil-
ity of income shocks. We also consider an extension of the model that allows for production in
both tradable and non-tradable sectors. We find that the qualitative implications for optimal tax
cyclicality remain broadly similar, especially for higher values of the diagnosticity parameter.

Using simulated data from our model, we quantify the role of DE in macroprudential pol-
icy over business cycles and during financial crises. During regular business cycles, the optimal
policy primarily addresses overborrowing driven by the pecuniary externality. During crises,
however, the policy’s focus shifts to addressing the sharp reversal in sentiment, as the expecta-
tion correction term begins to dominate the pecuniary externality correction term. Moreover,
we find that the interaction between the pecuniary externality and DE is muted by a negative
correlation between the overborrowing incentives from these two sources. Specifically, follow-
ing a negative income news, agents are driven to borrow more for consumption smoothing
(strengthening the pecuniary externality), but they also borrow less due to over-pessimism.

Furthermore, we show that debt taxes become substantially acyclical around crises when
the paternalistic policymaker (a rational social planner with diagnostic households) can only
implement a simple Taylor-type debt tax rule. Ideally, the paternalistic planner corrects bor-
rowing incentives and inefficiencies arising from expectation disparities, meaning the optimal
tax rule should depend on the current news state (either bad or good). However, the simple rule
implemented by the policymaker might not be dependent on the current news, as is often the
case in the real world. This suggests that it is best not to change debt tax rates significantly when
fully state-contingent tax instruments are not implementable, since imposing taxes incorrectly
across states leads to significant welfare loss. This result aligns with empirical evidence showing
that the measure of capital controls is almost acyclical around crises in most countries (Fernan-
dez et al., 2015, Acosta et al., 2023).

Finally, we employ a global solution method to analyze the model with DE, focusing on the
case where agents form their expectations about an AR(1) exogenous process. In this environ-
ment, we first show that the sequential problem can be recast as a recursive problem under
under the assumption that agents’ memory is limited to the immediate past. We then illustrate
how this approach can be used to solve the model with DE and discuss how it differs from the

solution method based on ARMA(1,1) misperceptions.

IFlemming et al. (2019) also obtain countercyclical optimal debt tax by including a permanent component into
the endowment process. Conversely, our model achieves countercyclicality of the optimal tax without additional
exogenous shocks, as it incorporates endogenous shifts in borrowing decision rules driven by an extrapolative
expectation mechanism.



Related Literature This paper relates to two branches of literature: (i) optimal macropruden-
tial policy and (ii) financial crises with deviation from RE.

First, we contribute to the literature on optimal macroprudential policy. One branch ratio-
nalizes interventions in the competitive equilibrium based on pecuniary externalities (Loren-
zoni, 2008, Bianchi and Mendoza, 2018, Davila and Korinek, 2018, Ottonello et al., 2022). Nu-
merous papers build on the canonical model of pecuniary externality by Bianchi (2011) to ex-
plore the effects of various frictions and environments on crisis dynamics and optimal policy.”
Bianchi et al. (2016) find that incorporating news shocks with a signal extraction problem into
the model can strengthen incentives to borrow during good times, increasing vulnerability to
crises.> Schmitt-Grohé and Uribe (2017) show that the model of Bianchi (2011) generates op-
timal debt taxes that are negatively correlated with output (procyclical), which is at odds with
the conventional wisdom of policymakers who advocate for countercyclical policies. Flemming
et al. (2019) show that incorporating a permanent component into the endowment process re-
covers the conventional wisdom of optimal macroprudential policy. Kwak (2020) also finds that
firm’s endogenous default risks could reproduce countercyclical optimal debt taxes. Our con-
tribution is to identify an ingredient, DE, which reconciles the existing theoretical framework
with the practice of policymakers.

We do not assume any information frictions, which means that agents can observe the cur-
rent level of income correctly. In contrast, others study the role of information frictions or learn-
ing in open economy business cycles (Boz, 2009, Boz et al., 2011, Bianchi et al., 2012, Akinci and
Chahrour, 2018). Boz (2009) analyzes the role of optimism in emerging market crises by in-
corporating information frictions with Bayesian learning. She shows that when the economy
becomes over-optimistic due to a sequence of positive signals, a small negative noise shock can
lead to financial crises. Boz et al. (2011) and Herrefio and Rondén-Moreno (2025) investigate
the role of pecuniary externality and information frictions in shaping optimal macroprudential
policy.

Second, we contribute to the literature investigating financial crises or business cycles in
the presence of behavioral biases (Bordalo et al., 2018, 2021, Gennaioli et al., 2015, Maxted,
2024, LU'Huillier et al., 2024, Bianchi et al., 2024a, Camous and Van der Ghote, 2022). We ex-
amine the normative implications arising from the interaction between pecuniary externalities
and behavioral biases. A key contribution of our work is the explicit derivation of the optimal

debt tax, which we decompose into two components: a pecuniary externality term and an ex-

2Recent research in these areas often employs global solution methods to analyze financial crises, capturing the
tail risk and the nonlinear dynamics of such events (Bianchi, 2011, Bianchi and Mendoza, 2018, Flemming et al.,
2019, Herreno and Rondén-Moreno, 2025, Arce et al., 2025).

3See Bianchi et al. (2012), Seoane and Yurdagul (2019), and Rojas and Saffie (2022) among others for additional
modifications to models featuring optimal macroprudential policy.



pectation correction term. The closest related work is Fontanier (2025), who studies optimal
macroprudential policy under a general class of deviations from RE, but focuses primarily on
the implications of correcting behavioral externalities. Furthermore, most recent applications
of DE have focused on closed-economy settings, leaving their implications in small open econ-
omy models largely unexplored. An exception is Na and Yoo (2025), who incorporate DE into
a standard small open economy framework and solve it using local method. They show that
this modification improves the model’s ability to match key business cycle moments without
resorting to trend-driven TFP shocks. We contribute to the literature by incorporating DE into
a small open economy model with an occasionally binding constraint and solving it using the
global method.” Using the global method is essential to understand endogenous rare events, as
pointed out in de Groot et al. (2025).

The remainder of the paper is organized as follows. Section 2 introduces the concept of DE
and presents an illustrative 3-period model. Section 3 develops the baseline small open econ-
omy model with DE, defines the equilibrium with diagnostic agents, and derives the optimality
conditions for both private agents and the constrained social planner. Section 4 characterizes
optimal macroprudential policy of rational and diagnostic social planners and highlights the
implications of correcting belief distortions. Section 5 presents the main quantitative analysis.
Section 6 concludes. The Appendix provides additional details on the quantitative analysis and

supplementary results, including the nonlinear effects of DE.

2 Diagnostic Expectations and Overborrowing

2.1 Diagnostic Expectations

Diagnostic expectations build on the representativeness heuristic of Tversky and Kahneman
(1983). The central idea is that individuals place disproportionate weight on new information
that appear highly representative of recent events while neglecting less salient information. In
this sense, DE capture a systematic overreaction to recent news relative to past information.
Bordalo et al. (2018) formalize this idea into an economic model of belief formation, and sub-
sequent work demonstrates its ability to generate asset pricing anomalies, boom-bust credit
cycles, and business cycle fluctuations (Bordalo et al., 2019, 2024, 2021, 2020).

To see how DE work in belief formation regarding aggregate economic conditions, consider

arandom variable x; that follows the AR(1) process:

Xt =pXt-1+E (D

4Niemann and Prein (2024) also solve the sovereign default model under DE using global method.



where p € (0,1) and ¢; is Gaussian with a mean zero and a standard deviation o. Following
Bordalo et al. (2018), we define the diagnostically distorted distribution of x;;; as:
91
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where the normalizing constant Z ensures that ft@ (x¢+1) integrates to one, and G; and —G; rep-

P = fxe411Go) -

resent the current and reference state respectively. The crucial parameter 6 captures the sever-
ity of evaluating by representativeness. When 6 = 0, the agent has no belief distortion and thus
forms RE given the current state G; = {x; = X;} (X; is the realized current state). When 6 > 0, the
agent’s belief is distorted by a representative state. From now on, we assume that the reference
state is given by —G; = {x; = pX;_1}, which reflects information at time -1 with no news.” Then,
a diagnostic agent perceives the distribution of x,.; by overweighting the likelihood of repre-
sentative states while underweighting the likelihood of non-representative states. This also im-
plies that the current news not only modifies the objective probability of specific states but also
influences the degree of attention the agent allocates to these states. In this regard, the positive
news induces a diagnostic agent to neglect left-tail risks such as financial crisis events.

From equation (2), we can express the DE of x;,, denoted by Ef [x+1], using the formula of
the RE, E; [x:41]:

E% [x;01) = By [xp41] + O(E¢ [Xp41] — Er_1 [Xs41]). 3)

This equation shows how agents’ expectations are distorted relative to the RE benchmark. From

the equation (1), we can rewrite the DE of x4, as:

Ef [x141] = px¢ +0(px; — p°x1-1) = px; + Ope,. @)

See Bordalo et al. (2018) for the proof.°
As long as the persistence parameter is positive (p > 0), the agent with DE becomes over-
optimistic and neglects left-tail risks in response to good news (¢; > 0). When the agent receives

bad news (g; < 0), she becomes overly pessimistic.

5Bianchi et al. (2024a) generalize the reference state to time ¢ — J where J > 1 (“distant memory”) and show that
it can generate hump-shaped dynamics in New Keynesian models. For computational tractability when using the
global method, we focus on the case of immediate memory (J = 1). As shown in Appendix B.1, our model can be
cast into the recursive formulation under the immediate memory, which facilitates the use of the global method
under DE.

6The variance of ftg (x¢+1) does not depend on o2 under equations (1) and (2). Bordalo et al. (2018) discuss
time-varying variance by assuming a GARCH process in the appendix, while Bianchi et al. (2024b) extend the DE
framework to incorporate time-varying variance and show that when uncertainty is high, overreaction becomes
more pronounced.



2.2 Diagnostic Expectations and Overborrowing: A 3-period Model

For illustration, we present a three-period model in which agents receive endowments in each
period. They allocate endowments into consumption and savings. We build on the simple model
of Bianchi et al. (2024a) by adding the occasionally binding borrowing constraint and persis-
tence to the endowment process. The purpose of this illustration is to show how DE generate
overborrowing in equilibrium and amplify crisis probability by interacting with the occasion-
ally binding constraint. We will incorporate the pecuniary externality due to price variation in
the full quantitative model.

The endowment process y; follows an AR(1) process for each period 1 =1,2,3:

Vi =pYyi-1+€, where0<p<1lande,~N(0,0%). (5)
Following Bianchi et al. (2024a), we assume quadratic utility:

u(c)=d6c—- Zcz,
2
where c is consumption; § and y are constant and positive.

The agent under RE solves the following utility maximization problem:

m%x{u(cl) + Eq [u(c) + u(es)l} (6)

S.t. 61:y1+bo—b1)
Cr=Yy2+b1—bo,
€3 =y3+ bo — b3,

by = —KJ)2.

For simplicity, we assume the discount factor (f) is unity and the net interest rate (r) is zero.
A fraction x of second-period income, y», can be collateralized to issue debt (thereby reducing
the bond holding, b,).’

In the following section, we compare solutions to savings (b) under (i) RE, (ii) DE on an
exogenous variable (endowment, y), and (iii) DE on an endogenous variable (consumption, c).
Our quantitative model assumes DE on an exogenous variable like Bordalo et al. (2021), while

L'Huillier et al. (2024) and Bianchi et al. (2024a) assume DE on endogenous variables. In the

“Since the collateral constraint depends only on a current variable, lenders do not need to form expectations
to determine its tightness. Expectations would matter if the constraint incorporated future variables, such as bor-
rower income or collateral value. For instance, lenders may require that future income be sufficient to repay debt,
as in Ottonello et al. (2022). In such cases, the DE operator reflecting the lenders’ expectations can be applied to
the collateral constraint.



following propositions and proofs, we show that solutions rarely change qualitatively under DE
on either exogenous variables or endogenous variables, as long as income persistence (p) is
larger than zero.

We have the optimal borrowing decision rules of the RE agents and associated probability

of crises in the following proposition.

Proposition 1. The equilibrium under RE is characterized as follows.

Non-binding borrowing constraint If the borrowing constraint in period 2 does not bind, the

solution is given by

2 2 1
bik:—bo-l'—(l—p( +p)
3 3 2

., 11
Y1 b, =§b1+§(1—P)J/2- (7)
Binding borrowing constraint If the borrowing constraint binds in period 2, the solution is
| 1 «
b} :£b0+5[1—(1+1<)p]y1, by = —xya, (8)

where the borrowing constraint binds if and only if

bi+(1-p+2
82<5§EE— L (1 p K)pyl.
-p+2K

9)

Crisis Probability The probability that the borrowing constraint binds (the probability of crises)
is given by

Pr(e, < £XE) = F(ERE), (10)

where F(-) denotes the cumulative density function of news at time 2, €.
Moreover, if the constrained social planner takes the borrowing constraint as given, the com-

petitive equilibrium coincides with the constrained-efficient allocation.

Proof. See AppendixA.1. B

We now assume that DE are applied to exogenous variables, which aligns with the approach

of Bordalo et al. (2021). The DE agent solves the following problem with the modified expecta-



tion operator:

E%{u(c?) + B [u(e) + ue) |} (11)

0 _ 0 10
0 0 10
C; =Y2+b] — Dby,
0 0 10
C3 =Y3+by —Dbs,

b) = —xys,
where agents form DE on endowment process as follows:
E(ye+1) = Et(yes) +01E1(yis1) = B (ye41)), 620, (12)
Proposition 2. The equilibrium under DE on exogenous variables is characterized as follows.

Non-binding borrowing constraint If the borrowing constraint in period 2 does not bind, the

solution is

L 2 2( p(l+p) 1
B :§b0+§(1— . )yl—gpmp)eel, (13)
1 1 1
bo* = Zbh +=(1— — —00¢,. 14
2 =5 1+2( 0)Yy2 2/0 €2 (14)

Binding borrowing constraint If the borrowing constraint binds in period 2, the solution is

. 11 1 i}
bY :§b0+5[1—(1+K)p]y1—5(1+1<)p9£1, by* = —xys.
Crisis probability When 0 < #, the borrowing constraint binds if and only if

bi+(1—-p+2
ez<égs 1+ (A =p+2K)pn
p0 —(1—-p+2x)

, where &) < 0.

The probability of crisis is given by Pr (e, < ég) =F (ég) and decreases in the degree of diagnosticity
0:
0Pr(e, < 89) . as)
— =<
00

1-p+2x

Conversely, when 6 > , the borrowing constraint binds if and only if e, > E‘g where ég > 0.



The probability of crisis is given by Pr(ey > ég) =1- F(ég) and increases in 0:

0Pr(e, > 9) .
_— >

00 (16)

Proof. See AppendixA.2. R

Allocations, defined in the equilibrium under DE described above, are not efficient from the

perspective of the social planner who forms RE. Recall the second-period saving decision:

L1 1 1
by" = Ebl + 5(1 —P)y2— 510982-

The DE agents’ saving (bg*) decreases in response to the positive income news (g2 > 0).
In contrast, the RE agent does not respond to the income news conditional on the observed
income level y», as shown in (7). Since the RE solution constitutes the constrained efficient al-
locations, the DE agent overborrows (borrows more than the efficient level) in response to the
positive income news. Overborrowing occurs because the DE agent overestimates the increase
in lifetime income and boosts consumption. Conversely, in response to the negative income
news (&2 < 0), the DE agent underborrows. The size of the inefficiency (overborrowing and un-
derborrowing) increases with the degree of diagnosticity () and the persistence of income (p).

Unlike our main assumption of DE on exogenous variables, . Huillier et al. (2024) and Bianchi
etal. (2024a) assume that agents form DE on endogenous variables. Specifically, agents form DE
on an endogenous variable (consumption) instead of the exogenous variable (endowment). We
also illustrate the solutions under DE on endogenous variables for comparison. Under DE on

endogenous variables, the DE operator on consumption is given by:

E{(ct+1) = Er(cri1) +0(Ei(crs) = Era(crp)l, 020 (17)
The following proposition then provides the associated solutions.

Proposition 3. The equilibrium under DE on endogenous variables is characterized as follows.

Non-binding borrowing constraint If the borrowing constraint in period 2 does not bind, the

solution is

~0. 2 2 p(1+p)) 0

0

=Zhy+=|1- - 1+p(1 , 1
b} 3b0+3( 5 n 3(3+9)( +p(1+p)e; (18)
Ef’*—lb +1(1— ) Vo — 0 (1+p)e (19)
2 T IR TR TR gy TR
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Binding borrowing constraint If the borrowing constraint binds in period 2, the solution is

1-(1+x)p
2 )9 22+ 0)
Eg* = —K}>. (21)

o 1
Bo* = Sbo+ A+ 1 +x)p)el, (20)

1-p+2x
p—x ’

Crisis Probability Suppose p > k. When 0 <
if

the borrowing constraint binds if and only

bi+(1-p+2
gz 1+ —=p+2K)pn1 (22)

L) A +p)-(1-p+2x)

oMn

Er <

The probability of crisis is given by Pr(e, < gg) =F (Eg) and decreases in the degree of diagnosticity

0:
0Pr(e; < Eg) 0 23)
— < <0.
00

1-p+2x
p—x ’

the borrowing constraint binds if and only if €5 > Z‘g.

Conversely, when 6 >

The probability of crisis is given by Pr(ey > f:g) =1- F(Eg) and increases in 0:

0Pr(e, > £9)
_— >

30 (24)

Proof. See AppendixA.3.H

We find that DE on exogenous variables generates overborrowing in response to a positive
realized news. This occurs as long as the persistence of the income process (p) is greater than
zero. In the setting with DE on endogenous variables, we also find overborrowing when the
positive news is arrived. Crucially, however, overborrowing persists even with zero persistence
(p = 0), as endogenous extrapolation—similar to the mechanisms described in L'Huillier et al.
(2024) and Bianchi et al. (2024a)—is in effect.

Figure 1 graphically illustrates the quantitatively different dynamics under DE on exogenous
versus endogenous variables. We compare the borrowing coefficients in response to an income
news (g2) in (14) and (19). In panel (a), we find that overborrowing responses are stronger un-
der DE on exogenous variables for a reasonable set of parameters for income persistence (p)
and diagnosticity (0). As long as p and 0 are large enough, responses under the DE on exoge-
nous variables are stronger than those under the DE on endogenous variables. Consequently,
panel (b) shows that the crisis probability (the probability of the borrowing constraint bind-

ing) is further amplified under DE on exogenous variables as diagnosticity (6) increases above

11



the threshold level (6%), for a given level of income persistence (p). The threshold level can be
around 1.05 and 1.75 for DE on exogenous and endogenous variables, respectively, depending
on the model parameterization.

Intuitively, agents overborrow in response to good news, which increases the probability of
hitting the borrowing constraint. This mechanism is stronger under DE on exogenous variables.
In contrast, agents under DE on endogenous variables expect higher future consumption after
receiving good news. This expectation leads to increased savings and thus mutes the positive re-
lationship between diagnosticity and crisis probability. Interestingly, below the threshold level
of diagnosticity (6*), the crisis probability decreases with 6. This occurs because a higher degree
of diagnosticity also intensifies the underborrowing driven by pessimism (when €, < 0). In re-
gions far from the borrowing constraint, this effect serves to reduce the overall probability of the
constraint binding. As a result, the relationship between the crisis probability and diagnosticity
changes depending on the relative forces of overborrowing and underborrowing.

Additionally, we find that the crisis probability is lower under DE than under the RE bench-
mark (6 = 0) for values of 0 around the threshold level. Maxted (2024) also shows that, within a
baseline calibration of a financial intermediary model, the crisis probability is lower under DE
than under RE. The underlying intuition is that diagnostic pessimism prompts intermediaries
to accumulate larger equity buffers, which effectively reduces the likelihood of a systemic crisis.
Our model nests the results of Maxted (2024) for values of 6 around the threshold 6*.

(a) Overborrowing Response (Exo. DE - Endo. DE) (b) Crisis Probability

5 1.75 60 r |
|
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Figure 1: Overborrowing Response and Crisis Probability
Notes: Panel (a) plots the difference between the absolute overborrowing response coefficients for
DE on exogenous versus endogenous variables, Iagzl - Idgzl = %p@ - %(1 + p). In the region
above the bold black line, this difference is positive, indicating a larger response under DE on ex-
ogenous variables. Panel (b) presents the crisis probability-the probability of the borrowing con-
straint binding-across different degrees of diagnosticity (). Panel (b) uses the following parameters:
p=0.80,x=0.32,b;=0.5,y;=1,and o = 1.
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3 A Small Open Economy Model with Diagnostic Expectations

3.1 Model Setup

We consider the two-sector small open economy (SOE) model proposed by Mendoza (2002)
and Bianchi (2011).% The only substantial difference relative to the typical model for analyzing
Sudden Stops events is that a representative household forms her expectations diagnostically.

The economy is populated by a continuum of identical, infinitely-lived households of mea-
sure unity. Each household consumes the composite of tradable and non-tradable goods to
maximize her expected lifetime utility:

ctr
, u(C)=1 , (25)

u(cy) + E?

Z ﬁsu(CHs)
s=1

where 5 € (0,1) is the discount factor, and y > 0 is the coefficient of relative risk aversion.
The consumption basket c; is a CES (constant elasticity of substitution) aggregator between

tradable ¢! and non-tradable goods c¥ given by:

_1
cr=[oeHM+0-w)(c) T, n>-1,0e€ 01, (26)

where w is the proportion of tradable goods in total consumption, and the elasticity of substi-
tution is 1/(1 +n). In each period ¢, households receive a stochastic endowment of tradables y!
and a fixed endowment of non-tradables yV.? The log of y! follows a first-order Markov process

given by:

logy/ =prlogy/, +ef. @27

where p7 € (0,1) is the persistence level of tradable endowment process, and € is Gaussian with
amean zero and a standard deviation o 1. The agent with a DE constructs a distorted belief on
the future evolution of y!. By equation (4), the perceived process of a diagnostic agent can be

described as a lognormal process:

logy/., | logy!.el) ~ N(prlogy! + 0pref, 0%). (28)

when 0 > 0, the agent predicts their future tradable endowment by overweighting current re-

alized news as long as pr is greater than zero. As a result, current news enters the diagnos-

8We also extend the model to incorporate production in Appendix C.

9Unlike Bianchi (2011), we assume that the non-tradable endowment are fixed for computational tractability.
However, we find that this assumption does not alter the quantitative feature of the model as in Bianchi et al. (2016)
and Arce et al. (2019). See Appendix H for details.
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tic household’s decision problem as a state variable, distinguishing our approach from that of
Bianchi (2011). This difference highlights the model’s novel approach to considering the impact
of current information, or “news,” on household borrowing decisions along with the occasion-
ally binding constraint.'’

The representative agent borrows through a non-state contingent foreign bond, which is
denominated in tradable goods units and carries a fixed interest rate r, set exogenously by the
international bond market. By normalizing the price of tradable goods to one and denoting
the price of non-tradable goods as pY, the household’s budget constraint can be expressed as

follows:

bt+1+ctT+pffVc£V: bt(1+r)+ytT+p§Vy£V. (29)

where b4 is the bond holdings that the household chooses at the start of period ¢. Following
the convention of the literature, positive values of b indicate that the household holds positive
net assets, while negative values imply that the household holds debt exceeding the level of the
assets.

The amount of debt cannot exceed the sum of a k fraction of tradable income and a k™
fraction of non-tradable income. This constraint ensures that the amount of borrowing is con-
strained by a proportion of the respective incomes from both tradable and non-tradable sectors:

bri1 = -k NpNyN pxTyh. (30)

The borrowing constraint captures two key empirical facts. First, Jappelli (1990) shows that the
crucial determinant of credit market accessibility is the current income using the survey data.
Second, in emerging markets, external debt often takes the form of short-term contracts which
is denominated in a foreign currency;, effectively aligning with the fact that debt is denominated

in the unit of tradable goods in our framework.'!

3.2 Household’s Problem

The diagnostic households make their decisions considering three state variables: current trad-

able income yT, the realized tradable income news 7, and their bond holdings b. We collect

10In the previous literature incorporating “news shock,” current news shocks have a direct impact on future
endowment levels or signal a permanent component in endowments (Boz (2009), Bianchi et al. (2016), Herrefio and
Rond6n-Moreno (2025), and Flemming et al. (2019)). However, in our model, current news only distorts individual
beliefs based on representative states, rather than directly affecting the future endowment level or information set.

Httonello et al. (2022) show that both models with current income and future income exhibit similar aggre-
gate dynamics. See Drechsel and Kim (2024) for policy implications from models with alternative borrowing con-
straints: the earnings-based (debt-to-income) constraint and the asset-based (debt-to-asset) constraint.
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all of the exogenous state variables in the vector s = (yT,sT). Following Bordalo et al. (2021),
we focus on the recursive equilibrium under the DE.'? Then, the maximization problem is as

follows:

vPce(s,by= max u(c(c?, ™))+ BE? | VOe(s, b)|s 31)

b',CT,CN

subject to
b +pNeN+cl=yT+a+nb+pVyY,

where variables without a superscript refer to the current period, while those with a prime su-
perscript () denote the next period. Unlike the model presented in Bianchi (2011), in our frame-
work, individual households choose their consumption and borrowing decisions based on both
current tradable income y! and the news on current tradable income e”. Our model includes

gT

as a state variable, since the perceived distribution of future tradable income y’’ depends on
the realized news. This formulation accommodates the DE, which have distinctive implications
for how households respond to the recent news. Then, the competitive equilibrium under DE

is defined as follows.

Definition 1. (Diagnostic Competitive Equilibrium) A diagnostic competitive equilibrium is a
collection of prices{ pN , 1} and decision rules {b' (s, b), ¢’ (s, b), cN (s, b)} with associated value func-
tion V9ce(s, b) such that:

1. Given prices, the decision rules {b'(s, b), cl'(s,b),cN (s, b)} and value function voce(s, b)

solve the recursive optimization problem in (31) under the DE.
2. Markets clear: cN(s,b) = yN and c” (s,b) = yT + b1 +r) - D' (s, b).

3. Expectations of households E® are consistent with the dynamics governed by the per-

ceived income process (28).

To enhance our understanding of how borrowing constraints impact a competitive equilib-

rium, we focus on the solution in the sequential form. The first-order conditions are:

Ae=ur()'3, (32)

12Under DE on exogenous variables, the sequential problem is identical to the recursive problem as we show in
Appendix B.1. Moreover, the recursive formation has an advantage in that we can focus on the Markov stationary
equilibrium where social planner’s policy is time-consistent as shown in Bianchi and Mendoza (2018).

Bur) =u'(c) [wchH ™+ —w)(civ)—"]‘%‘1 w(chH=1
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1-w\([cl nl
N t
=—|[=%x , 33
P: (w )(cfv) (33)

Ae=PBA+1VE Ary + s, (34)
bror+NpNyN 4wy =0, with equality if u; > 0, (35)

where A is the Lagrange multiplier associated with the budget constraint and u is the Lagrange
multiplier associated with the borrowing constraint. The optimality condition (33) aligns the
marginal rate of substitution between tradable goods and non-tradable goods with their relative
price. This equilibrium condition implies that changes in ¢’ will influence the borrowing con-
straint by altering the price of collateral, p”. The pecuniary externality arises because private
agents do not internalize the effect of their decisions on equilibrium prices. Condition (34) rep-
resents the Euler equation in which the marginal benefit of additional borrowing in the current
period needs to be equalized to the marginal cost of borrowing, including interest payments
and the possibility of hitting the borrowing constraint in the future period. The DE channel
mainly works through equation (34) by affecting the agent’s borrowing decision and the associ-
ated consumption path. Equation (35) is the complementary slackness condition regarding the

borrowing constraint.

3.3 Social Planner’s Problem

In contrast to individual households, the social planner is constrained in the sense that she lets
the non-tradable goods market clear competitively, while the planner internalizes the effects of
bond holdings on the non-tradable good price. Furthermore, within this framework, we con-
sider two types of social planners who could solve the optimization problem under either RE
or DE. We can conceptualize the rational social planner as a “paternalistic policymaker” who
understands the true distribution of the stochastic process and corrects diagnostic households’
distorted beliefs. Conversely, the diagnostic social planner, interpreted as a “non-paternalistic
policymaker,” shares the same distorted beliefs about future events with households. Conse-
quently, this belief disagreement between the rational social planner and diagnostic house-
holds leads to two significant implications for welfare. First, diagnostic households, becoming
over-optimistic in response to positive economic news, may experience a reduction in welfare
compared to the optimal scenario anticipated under RE. Secondly, this disagreement may in-
tensify the pecuniary externalities, as it encourages households to increase their borrowing in

response to positive news. We will analyze these implications quantitatively in the following

16



section.

The recursive problem of a diagnostic social planner can be expressed by:

vOsr(s b) = max utc(ct,yM) + BE? | VOsP (s b s (36)
b,c
subject to

b +cl=yT+1+1r)b,

1— T \N+1
b’z—(KN w(C_) yN+KTyT,

w \yN
where s = (yT,sT) is a vector that contains the current tradable income and realized tradable
income news. The equation (33) determining the price of non-tradable goods p" is plugged in
the borrowing constraint, as the social planner internalizes the effects of aggregate borrowing
on the price. Similar to diagnostic households, a diagnostic social planner makes consumption
and borrowing decisions based on both the level of tradable income and news about current
tradable income. It is important to note that, unlike the diagnostic planner, a rational social
planner does not take the realized news into consideration. A rational social planner’s problem

is defined by the following recursive form:
VP(y",b) = max u(c(c’, y") + BE[V°P(y", b)Iy"] (37)
b,c

subject to

b +cl=yT+(1+1r)b,

1— T \N+1
b’z—(KN ww (;—N) yN+xTyT].

To emphasize the differences between the household and a constrained social planner, we

employ the sequential form of equations (36) and (37). The superscript "sp" is used to differen-
tiate the Lagrange multipliers of the social planner’s problem from those in the diagnostic com-
petitive equilibrium, while 0 is utilized to distinguish between the Lagrange multipliers of the
diagnostic and rational social planners. The first-order conditions from the sequential problem
of the diagnostic social planner are:

AP = ur(r) + 0Py, (38)

AP = g1+ N EIADSP 4+ 107, (39)

t+1
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where 19°P is the Lagrange multiplier associated with the budget constraint, and u®*? is the

Lagrange multiplier associated with the borrowing constraint for the diagnostic social planner.

The first-order conditions of the rational social planner are:

AP =ur®) + " wy, 41)
AP =pa+nEAN +uw,”, (42)
n+l1
b vizefa ) v ) ith equality if ” > 0 43
1+ x yN Yy +xy, [ =0, with equality if ¢, > 0, (43)
t

where 1% is the Lagrange multiplier associated with the budget constraint, and u*” is the La-
grange multiplier associated with the credit constraint for the rational social planner. The pecu-
niary externality term v = k¥ (n+1) (1_7“’) (;—;)n captures the effects of tradable consumption on
the non-tradable good price and thus on the borrowing capacity. Even if the credit constraint is
not binding today (/Jip = 0), these effects work through equation (42). To see concisely, suppose
that the borrowing constraint does not bind today (,uip = 0), and it binds tomorrow u;fl > 0.
Then, combining equation (41) and (42), we have the following Euler equation for the rational

social planner:

ur(9) = A+ Ee|ur(t+1) +u? (] (44)

In equation (44), the term ,u‘;flwtﬂ captures the likelihood of a binding credit constraint
tomorrow, which leads the social planner to borrow less than the household does. The higher
expectations of a binding credit constraint, denoted by E; [,u;fl] > 0, translates into a higher
marginal cost of borrowing perceived by the social planner.

Our DE problem in its recursive formulation is time-consistent. Following the approach of
Klein et al. (2008) and Klein et al. (2007), we analyze Markov stationary policy rules, which de-
pend on the state variables (b, s). Since the social planner lacks commitment power, it sets the
current policy assuming the future social planner’s rules are given. A Markov perfect equilib-
rium occurs when the policy rules assumed for future planners align with what the current
planner finds optimal. This consistency means that the planner has no incentive to deviate,
making the rules time-consistent. Similarly, Bianchi and Mendoza (2018) find that optimal pol-

icy rules are time-consistent under their recursive formulation.
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While the rational social planner does not overreact to realized news, the diagnostic planner
and households become overly optimistic about positive news and overly pessimistic about
negative ones. Thus, as in Schmitt-Grohé and Uribe (2021), individual households may borrow
less than the rational planner following a negative news. This occurs because the diagnostic
household’s pessimistic outlook amplifies precautionary-saving motives and lowers expected

future income, leading to reduced borrowing relative to the rational benchmark.

4 Optimal Macroprudential Policy

To address both pecuniary externalities and belief distortions, we consider the implementation
of a tax on foreign debt (equivalent to capital controls). The optimal tax is characterized as a
distortionary instrument designed to align the household’s Euler equation with that of the so-
cial planner. When the social planner’s credit constraint binds in period ¢, we set the tax to zero,
as the allocations of the planner and the diagnostic household coincide (see Bianchi, 2011).
Notably, the optimal tax schedule for a diagnostic social planner differs from that of a rational
social planner; whereas the rational planner corrects for discrepancies in future income expec-

tations, the diagnostic planner does not, as demonstrated in the following propositions.

Proposition 4. (Optimal debt tax of the non-paternalistic policymaker) In states where the bor-
rowing constraint of the diagnostic social planner is not binding (i.e., ,ui” ) ), the constrained-
efficient allocations of the diagnostic social planner can be decentralized as a diagnostic compet-

itive equilibrium with the following optimal debt tax:

O0,sp o
l’tt+1 1r”t+1

E0 lur(t+1)]

0
E[

0,sp _
T, =

(45)

Proof. See Appendix B.2. &

Proposition 5. (Optimal debt tax of the paternalistic policymaker) In states where the borrowing
constraint of the rational social planner is not binding (i.e., ,u;p = 0), the constrained-efficient
allocations of the rational social planner can be decentralized as a diagnostic competitive equi-

librium with the following optimal debt tax:

s _ Ei lur(t+1) + gl yin]
! EV [ur(t+1)]

1. (46)

Proof. See Appendix B.3.

As a result of the optimal tax schedule, we will show that the rational social planner may
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subsidize (T;p < 0) the diagnostic household to borrow more when bad news arrives, a result
that is distinct from the findings of the previous literature (Bianchi, 2011, Bianchi et al., 2016,
Herrenio and Rondon-Moreno, 2025).

To more precisely examine how the rational social planner’s taxing behavior varies when
facing diagnostic versus rational households, we define the optimal tax schedule for the lat-

).1* This benchmark tax schedule induces

ter case as the benchmark, following Bianchi (2011
households to internalize the effect of their borrowing on the relative price of non-tradables

and is characterized by:

sp
wsp_ Belei,win]
T, . 47)
Eilur(t+1)]
Consequently, the optimal debt tax for a paternalistic policymaker is representable as the
sum of two distinct components. This allows for a clear distinction between policy interventions
aimed at the pecuniary externality and those addressing expectation misalignments, as well as

the resulting interaction effects.

Proposition 6. (Optimal debt tax decomposition) In states where the borrowing constraint of
the rational social planner is not binding (i.e., yip =0), the optimal debt tax of the paternalistic

policymaker can be expressed as

sp_ Eilur(t+1)] 5P Effur(t+1)] - E(Z[uT(t+ 1] .

Ty = o t 9 (48)
Ef(ur(t+1)] EVur(t+1)]
PE-DE i ntem?tion corrected DE cotrected

Proof. See Appendix B.4. &

As with the “information term” in the decomposed debt tax in Bianchi et al. (2012), the sec-
ond term in (48) arising from belief differences vanishes when private agents form expectations
identically to the planner. In our framework, extrapolative beliefs about future income can ei-
ther attenuate or amplify the externality term.

Specifically, the rational social planner corrects the borrowing decisions of diagnostic house-
holds by adjusting for both the pecuniary externality, u;flw ++1, and the discrepancy between
rational and diagnostic expectations. When households overreact to favorable news, the ratio-
nal social planner implements a debt tax, T;p , that mitigates overborrowing more aggressively
than the benchmark tax schedule, T?’Sp , which would be implemented for rational households.

4By construction, the objective of the optimal macroprudential tax is to implement the allocations that a ratio-
nal social planner would choose in the problem (37) for a decentralized economy populated by diagnostic house-
holds. The allocations chosen by the rational social planner with the diagnostic households correspond to the
constrained Pareto optimum in Bianchi (2011). Thus, the social planner’s Lagrangian multiplier coincides with the
multiplier from Bianchi’s framework.
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Table 1: Baseline Parameters

Parameter Description Value
r Interest rate 0.04
Relative risk aversion 2

1/1+mn) Elasticity of substitution ~ 0.83

w Share of tradable goods 0.31
B Discount factor 0.91
kT =N Credit coefficient 0.323
yN Non-tradable endowment 1
0 Diagnosticity parameter  1.415

This result follows directly from (48): since optimism following the positive income news
raises consumption expectations and lowers the expected marginal utility of consumption, the
planner offsets this inefficiency by increasing the optimal tax. This adjustment is driven by two
factors: first, the interaction of T?’SP with the ratio of expected marginal utilities, and second,
the wedge created by the disparity between these expectations. In the subsequent quantitative
analysis, we decompose and quantify the contribution of each term. Conversely, when negative
news are realized, diagnostic households may underborrow due to excessive pessimism, ne-
cessitating a subsidy from the rational planner. Our numerical results in the following section

confirm that the optimal debt tax rule indeed turns negative in such states.

5 Quantitative Analysis

We now calibrate the model to investigate business cycles and crisis dynamics under DE. We
also explore the optimal tax schedule and assess the performance of simple policy rules includ-
ing fixed taxes and macroprudential Taylor rules (Bianchi and Mendoza, 2018) to provide more

practical policy insights.

5.1 Calibration and Solution Method

Our model is calibrated to match data from Argentina, which is adopted from Bianchi (2011).
The baseline parameters of the model are shown in Table 1.

The annual interest rate of international risk-free bonds is set to 4 percent and the coef-
ficient of relative risk aversion is set to y = 2, which are standard values in the literature. As
Bianchi (2011) discussed, the intratemporal elasticity of substitution is the crucial parameter
because it determines the magnitude of the pecuniary externality by affecting the price of non-
tradable goods in equation (33). We set the 1/(1 +7) = 0.83 which is aligning with Bianchi (2011)
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and Bianchi et al. (2016). The share of tradable goods is set to 0.31. The remaining parameters 3
and x T are used to match the long-run moments of the Argentina data. We select = 0.91 and
kT = 0.323 to ensure that the diagnostic competitive equilibrium aligns with net foreign assets
to GDP ratio (-29 percent of GDP) and a financial crisis probability of 5.5% in Argentina.

We discretize the first-order Markov process of the tradable endowment process into 21
states using the method of Tauchen (1986). Following Bianchi (2011), we set the persistence
and volatility parameters to pr = 0.53 and o ,r = 0.058, respectively. We next construct the news
grid to preserve the state space of the true endowment process. The transition probabilities for
future tradable income perceived by diagnostic agents, which depend on current income and
news, are then discretized to capture overreactions to recent news (See Appendix D). Note that
the resulting diagnostic transition matrix differs from the rational one because rational agents
do not overreact to realized news.

The model is solved using a time-iteration algorithm, a global solution method following
Bianchi (2011); further details are provided in Appendix D. We employ a global solution method
because local approximations struggle to accurately characterize the dynamics of net foreign
assets, which is an indispensable component of SOE-DSGE models, as noted by de Groot et al.
(2025). While local solution methods offer computational speed, de Groot et al. (2025) demon-
strate that they poorly capture precautionary saving motives, even when incorporating occa-
sionally binding constraints. This limitation is particularly problematic in models where the
accurate representation of savings behavior is crucial for understanding the dynamics of rare
events, such as financial crises in emerging economies.

The diagnosticity parameter, 6, is calibrated to match the empirical magnitude of the HP-
detrended credit boom preceding the Sudden Stop events identified in the dataset of Bianchi
(2011). We define a Sudden Stop as an episode in which net capital outflows rise by more than
one standard deviation relative to their sample mean. To match the HP-detrended current ac-
count to GDP ratio of -1.41% during the credit boom phase, we set 8 = 1.415, a value that lies
well within the range of estimates found in the literature.'® Figure A.8 shows that credit booms
are amplified as 0 increases, implying that incorporating DE is essential for the model to match
the magnitude of credit booms observed in the data. Conversely, the rational-expectations frame-
work in Bianchi (2011) struggles to account for the intensity of these credit booms. We also ex-
plore the implications of different values of 6 through various sensitivity exercises in Appendix
E. We find that, beyond a certain threshold of 0, the probability of crises increases, and the sub-

sequent corrections in the real exchange rate, consumption, and capital flows are significantly

15Bordalo et al. (2020) show that the estimated @ varies significantly depending on the variable being predicted,
with estimates ranging from 0.34 to 1.37. Furthermore, their 95% confidence interval includes values as high as
2.31.
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Figure 2: Bond Decision Rules in a Low Income State
Notes: This figure shows the bond decision rules in the decentralized competitive equilib-
rium under DE and in the constraint-efficient equilibrium when the current tradable income
state is one standard deviation below the trend. The gray-shaded region indicates that the op-
timal debt tax is positive, and the blue-shaded region indicates that the optimal debt tax is
negative (which implies that the planner subsidizes household borrowing).

amplified. In general, our results are quite robust to alternative values of the diagnosticity pa-
rameter 0. We also perform robustness tests regarding alternative parameterizations including
the parameter of the borrowing constraint x, discount factor, interest rates, persistence and

volatility of the income process in Appendix F.

5.2 Borrowing Decision Rules

Figure 2 presents borrowing decision rules in the decentralized competitive equilibrium and the
constrained-efficient equilibrium. We plot these decision rules for the states of good news (up-
per panels) and bad news (lower panels), and the state of tradable income is one standard devi-
ation below the trend (low income states). We also show the decision rules of the social planner
with both RE (SP with RE, left panels) and DE (SP with DE, right panels) in the constrained-
efficient equilibrium. In both right and left panels, households in the competitive equilibrium
are under DE (CE with DE).
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Figure 3: Ergodic Distributions of Bond Holdings
Notes: The ergodic distributions are computed by simulating one million
stochastic time-series data, using the policy function of each equilibrium.

Following favorable news, a rational social planner (RE) chooses a lower level of next-period
borrowing—or, equivalently, higher bond holdings—than diagnostic households (DE), for a
given level of current assets (upper-left panel). This divergence indicates that diagnostic house-
holds overborrow relative to the rational benchmark, justifying the implementation of macro-
prudential debt taxes. As current bond holdings fall below a specific threshold, the borrowing
constraint binds, necessitating deleveraging. Conversely, in response to negative news, a sub-
sidy region emerges where the rational social planner’s optimal borrowing exceeds that of di-
agnostic households (lower-left panel). Despite the pecuniary externality that typically induces
overborrowing, the rational planner incentivizes diagnostic agents to increase borrowing, as
their over-pessimism leads to underborrowing relative to the constrained-efficient level.

The existence of this underborrowing (subsidy) region distinguishes our framework from
that of Bianchi (2011). Notably, as shown in the right panels, the subsidy region disappears when
comparing the diagnostic social planner with diagnostic households. In that case, because the
planner and households share the same distorted expectations, the planner focuses solely on
correcting the pecuniary externality, which consistently leads to overborrowing.

Figure 3 presents the ergodic distributions of bond holdings, computed using the decision
rules obtained under various equilibria. To derive these distributions, we simulate the model

for one million periods. The competitive equilibrium with diagnostic households (CE with DE)
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exhibits a more dispersed distribution of borrowing than the rational benchmark (CE with RE),
as the DE borrowing rule varies significantly with the realized news state. Furthermore, as re-
ported in Table 2, the mean leverage ratio (—b/y) is higher under DE than under RE (29.69% vs.
29.32%).

This elevated leverage suggests that DE amplifies overborrowing by inducing households
to “neglect the risk” of the borrowing constraint binding. This neglect reduces the subjective
probability of a crisis, leading to a substantial increase in borrowing following favorable news.
While diagnostic agents overstate tail risks upon receiving bad news, the effect of risk neglect
during booms outweighs the impact of over-pessimism during busts. This asymmetry arises
from the nature of the occasionally binding collateral constraint: the expansion of debt during
optimistic periods is quantitatively more prolonged and significant than the sharp contraction
during pessimistic episodes. This mechanism is reminiscent of Bordalo et al. (2018), where the
neglect of risk acts as a precursor to financial crises.

The rational social planner (SP with RE) chooses, on average, to borrow less than house-
holds in the competitive equilibrium, resulting in an ergodic distribution that is substantially
skewed toward higher bond holdings. The diagnostic social planner (SP with DE) also prefers
lower leverage than the competitive equilibrium households. However, its bond distribution is
far more dispersed than that of the rational planner, as the diagnostic planner’s decision rule

remains sensitive to the current news state, leading to fluctuating target debt levels.

5.3 Financial Crises Analysis

Figure 4 plots the average aggregate dynamics surrounding financial crises. Within a simula-
tion of one million periods, a financial crisis event is identified as a period in which the credit
constraint on the diagnostic household binds and the net capital outflow exceeds one standard
deviation from its mean in the ergodic distribution. We then compute the average across all
such events to generate the event-study dynamics.

One salient feature is that DE amplify financial crisis dynamics. In the competitive equi-
librium with rational households (CE with RE), crises are characterized by a depreciation of
the real exchange rate, a collapse in borrowing (reflected by a rise in bond holdings), a decline
in tradable consumption, and a reversal in the current-account-to-GDP ratio. These variables
revert sharply toward their means following the crisis, consistent with the stylized facts of his-
torical Sudden Stop episodes.

When the model incorporates DE (CE with DE), the real exchange rate depreciation is more
pronounced, and the credit boom-bust cycle is significantly amplified. These effects stem from

the fact that diagnostic households overreact to realized news: the borrowing constraint binds
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Figure 4: Crises Dynamics: Sudden Stop Events Analysis
Notes: The panels (a), (b), and (c) are plotted as percentage differences relative to the
ergodic mean. Panel (d) shows HP detrended current-account to GDP ratio with a
smoothing parameter 10.

more severely due to a sharp reversal in perceptions—from optimistic to pessimistic—during
the crisis.

Furthermore, while the rational social planner (SP with RE) successfully mitigates these fluc-
tuations, the diagnostic social planner (SP with DE) is less effective. Because the diagnostic
planner shares the households’ distorted beliefs, its capacity to tame the cycle is more limited
than that of a rational policymaker, who correctly understands the true data-generating process
and explicitly accounts for the underlying belief distortions.

Table 2 summarizes the business cycle moments derived from the model simulations. Un-
der rational expectations (columns 1-2), the social planner substantially mitigates crises rel-
ative to the competitive equilibrium, reducing the crisis probability from 5.58% to 1.20% and
dampening both the volatility and countercyclicality of the current account. Furthermore, the
average output drop during a crisis decreases from 20.13% to 13.14%.

In contrast, the inclusion of DE significantly amplifies crisis dynamics in the competitive
equilibrium (column 3). This case is characterized by more severe output contractions, sharper

real exchange rate depreciations, and more intense capital outflows than the rational bench-
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Table 2: Business Cycle Moments

Rational Diagnostic
Expectations (RE) Expectations (DE)
€Y) 2) 3) 4)
CE Sp CE SP
A. Average Dynamics
Mean of Leverage (%) 29.36 28.35 29.81 28.80
Crisis Probability (%) 5.58 1.20 5.53 0.99
o(CAly) (%) 2.62 1.00 3.01 1.70
p(y,CAly) -0.70 -0.43 -0.78 -0.72
B. Crisis Dynamics
Consumption (%) -8.03 -4.36 -11.15 -6.26
Output (%) -20.13 -13.14 -26.83 -17.60
RER Depreciation (%) 26.10 12.79 36.05 18.37
CAly (%) 5.36 1.50 8.56 3.38

Notes: Columns (1) and (2) report business cycle moments for the competitive equilibrium (CE) with
rational households and the rational social planner’s allocation (SP), respectively. Columns (3) and (4)
report the corresponding moments for the CE with diagnostic households and the SP with a diagnostic
planner.

mark. Ultimately, the DE framework generates large real exchange rate depreciations while pre-
serving standard business cycle moments, such as the countercyclicality of the current account
and the volatility of capital flows. The diagnostic social planner (column 4) also alleviates these
fluctuations, though less effectively than the rational planner (column 2). For instance, the out-
put drop of the diagnostic planner is approximately 6.26%. Although this is an improvement

over both competitive equilibria, it exceeds the decline under the rational social planner.

5.4 Optimal Macroprudential Policy and Welfare Gains

This section examines the implementation of optimal macroprudential policy and its associ-
ated welfare implications. As characterized in the previous section, the optimal debt tax is im-
posed on household borrowing to achieve constrained-efficient allocations.

Figure 5 presents the optimal debt tax schedules required to achieve constrained-efficient
allocations under both the rational social planner (SP with RE, the paternalistic planner) and
the diagnostic social planner (SP with DE, the non-paternalistic planner). We focus on a state
of low tradable income, defined as one standard deviation below the trend.

In the case of favorable news (upper-left panel), the paternalistic policymaker implements
a debt tax to align allocations with the rational social planner’s target. The optimal tax rate in-

creases as current bond holdings decline (i.e., as debt rises), reflecting the higher marginal ben-
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efit of reducing the probability that the borrowing constraint binds. Consistent with Bianchi
(2011), the tax is set to zero once debt reaches the threshold at which the constraint binds in the
current period.

Following negative news (lower-left panel), the paternalistic policymaker’s strategy involves
subsidies. In the subsidy region (indicated by the blue shaded area), the policymaker incen-
tivizes borrowing to counteract the underborrowing driven by diagnostic households’ excessive
pessimism. However, these subsidies are phased out as debt increases toward the threshold, as
further subsidization would inadvertently trigger the borrowing constraint.

This finding stands in sharp contrast to the baseline Bianchi (2011) model with rational
expectations, which only exhibits overborrowing under standard parameterizations (Table 1).
While Schmitt-Grohé and Uribe (2021) demonstrate that underborrowing can occur in the Bianchi
model under alternative parameters, our model endogenously generates both overborrowing

and underborrowing regions within a single parameterization, depending on the realization of
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Figure 5: Optimal Debt Tax Schedule
Notes: This figure shows the optimal tax schedule of the paternalistic planner (SP with RE) and
the non-paternalistic planner (SP with DE) when the current tradable income state is one stan-
dard deviation below the trend. The gray-shaded region indicates that the optimal tax is posi-
tive, and the blue-shaded region indicates that the optimal tax is negative (which implies that
the planner subsidizes household borrowing).
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news.

The right column of Figure 5 displays the optimal policy of the non-paternalistic (diagnos-
tic) social planner. While this planner also raises taxes as debt increases to internalize the pecu-
niary externality, it never provides subsidies. Notably, the non-paternalistic planner increases
the tax rate in response to bad news, as households attempt to borrow more than the diagnos-
tic planner, thereby intensifying the pecuniary externality. Conversely, following bad news, the
paternalistic planner reduces taxes or increases subsidies in order to correct households’ ex-
cessive pessimism. This divergence in policy response explains the heterogeneous cyclicality of
optimal taxes: we find a positive correlation between detrended output and the optimal debt tax
under paternalistic policy, but a negative correlation under non-paternalistic policy. We explore
this further in Section 5.5 and Table 5.

In Section 3.3, the optimal debt tax of the paternalistic social planner (r‘;p ) was decomposed
using the benchmark debt tax (T’:’Sp ) that arational social planner would levy on rational house-
holds, as established in the literature. As shown in equation (48), the paternalistic social plan-

ner’s optimal tax can be expressed as:

7P _ Eilur(t+1)] LRp Elur(t+1)] - Eur(t+1)]
! E?[UT(ZL+ 1] f E?[UT(ZL+ 1]

v - ~ v <
) PE-DE DE corrected
interaction corrected

In this specification, the optimal debt tax is comprised of two distinct components: (i) the
baseline tax from Bianchi (2011) targeting the pecuniary externality (T:’s” ), which is adjusted
by a slope coefficient capturing the discrepancy in marginal utilities between RE and DE (the
PE-DE interaction-corrected term); and (ii) a correction for the differences in marginal utility
growth rates between RE and DE (the DE-corrected term).

Figure 6 plots the original debt tax (T:’Sp , black solid line), the PE-DE interaction-corrected
term (red dashed line), and the total optimal debt tax under DE (rip , blue dotted line). We find
that the original debt tax moves in tandem with the PE-DE interaction-corrected term across the
state space of bond holdings. In contrast, the DE-corrected term increases the optimal debt tax
following favorable news and reduces it following negative news. In this sense, the DE-corrected
term is the primary driver of the deviations between the optimal paternalistic tax and the stan-
dard macroprudential tax intended solely to address pecuniary externalities.

We simulate our baseline model under the paternalistic social planner and compute the
long-run mean of the optimal tax, E[7;"], using one million simulation periods. We find that
the average optimal tax in our model is 2.07%, which is significantly lower than the 4.15% av-
erage tax ([E[T?’Sp ]) reported by Bianchi (2011). This result indicates that the policy component

addressing diagnostic expectations (DE) offsets nearly half of the correction intended for pecu-
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Figure 6: Optimal Debt Tax Decomposition
Notes: This figure shows the decomposed optimal debt tax implemented by the paternalistic (ratio-
nal) social planner on the diagnostic private agent, when the current tradable income state is one
standard deviation below the trend. T*°7 (black solid line) represents the benchmark optimal debt
tax for the rational social planner with rational households as we define in equation (47). %7 (blue
solid line) represents the optimal debt tax of the paternalistic policymaker.

niary externalities.

Table 3 provides a further decomposition of the optimal tax. The pecuniary externality term,

adjusted for its interaction with DE, remains the primary driver at 3.82 percentage points. Con-

versely, the pure DE-correction term contributes a substantial negative component of -1.75 per-

centage points. These findings highlight the importance of accounting for DE-driven credit cy-

cles when calibrating optimal macroprudential policy. The DE-correction term is negative on

average primarily because the paternalistic policymaker reduces the debt tax below -15 percent

during crises—effectively providing a large subsidy—to counteract excessive pessimism and the

resulting credit busts.

Table 3: Optimal Debt Tax Decomposition

E(r;’] = E[PE-DE interaction corrected] + [E[DE corrected]

2.07% 3.82%

-1.75%

To better understand the interactions between the original optimal tax T:’Sp and the slope

adjusted by DE, Slope, = %

E[PE-DE interaction corrected] as follows:

=4.07%

*

, we further decompose the first term of the optimal debt tax,

E[Slope; x T:’SP] =[E[Slope,] x E[Tt’Sp] +C®\/(Slopet,r?s’g).
N e —— N v

:332% =0.98<1

=4.15%
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On average, the difference in marginal utility between rational and diagnostic agents, E[Slope,],

reduces the baseline average tax ([E[T:’SP 1) by 2 percent, resulting in a first term of 4.07 per-
centage points. Furthermore, the covariance between the slope and the tax, COV(Slope,, T’;’Sp )s
contributes an additional -0.25 percentage points. This negative covariance stems from two
opposing effects following a positive transitory income news. First, under DE, over-optimism
in response to good news induces a larger increase in consumption relative to RE, causing the
slope term to rise. Second, the baseline debt tax (r?’s” ) falls because, in high income states, the
rational agents have weaker incentives to borrow and instead save to smooth future consump-
tion, leading to lower debt levels and a diminished pecuniary externality relative to low income
states. This offsetting mechanism explains why the total PE-DE interaction term (3.82 percent)

is ultimately smaller than the original debt tax rate of 4.15 percent.

Table 4: Cyclicality of Optimal Debt Tax: Corr(Output, Tax)

SP with RE SP with DE

Households with RE Procyclical (-0.76) Procyclical (-0.89)
Households with DE  Countercyclical (0.53) Procyclical (-0.82)

Notes: Correlations between the optimal debt tax and output are reported in paren-
theses. The table is structured by type of social planner (SP) in the columns and the
type of households targeted by the policymaker’s intervention in the rows. Both the
social planner and the households are assumed to hold either RE or DE.

Table 4 presents the correlation between the optimal debt tax and output under four distinct
behavioral configurations: (i) both the planner and households are rational; (ii) the planner is
rational, while households are diagnostic; (iii) the planner is diagnostic, while households are
rational; and (iv) both the planner and households are diagnostic.

The results demonstrate that the optimal debt tax is countercyclical only when a rational
policymaker intervenes in a market of diagnostic households to achieve the rational social
planner’s allocation. In this case, the correlation between output and the optimal tax is 0.53,
aresult that remains robust across a wide range of diagnosticity parameters (see Table A.2). The
other three configurations exhibit a procyclical debt tax, aligning with Schmitt-Grohé and Uribe
(2017), who note that such procyclicality often contradicts conventional policy wisdom.

In the optimal tax formula (48), both the DE-correction term and the slope of the PE-DE in-
teraction term vanish if the households and the social planner share identical expectations (i.e.,
both are rational or both share the same degree of diagnosticity). Notably, the DE-correction
term is the primary driver of the countercyclical tax response when a rational planner faces
diagnostic households. Conversely, when the social planner is diagnostic and households are
rational, the sign of the DE-correction term flips, thereby reinforcing the procyclicality of the
tax.
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Figure 7: Welfare Gains
Notes: This figure illustrates the welfare gains achieved by correcting externalities under both
the paternalistic planner (SP with RE) and the non-paternalistic planner (SP with DE), for a
tradable income state one standard deviation below the trend. The gray-shaded area denotes
the region where the optimal tax is positive, while the blue-shaded area represents the region
where the optimal tax is negative, implying that the planner provides a subsidy to household
borrowing.

We quantify welfare using consumption-equivalent welfare gains, defined as the constant
percentage increase in consumption that makes an agent indifferent between the competitive
equilibrium and the constrained-efficient allocation. Specifically, the welfare gain W (s, b) at

state (s, b) resulting from the social planner’s intervention is given by:

Vel(s, b)(1+ W(s, b)) " = VP (s, ). (49)

The welfare gains for each planner’s allocation are evaluated under the expectations of the
respective policymaker. In particular, when discussing the welfare gains associated with pater-
nalistic policy, we compute the value functions under RE.

Figure 7 compares the welfare function W (s, b) for paternalistic (left panel) and non-paternalistic
(right panel) planners in low-income states. Paternalistic welfare gains increase with debt levels,

as higher debt raises crisis probability. Consequently, policy benefits peak when the borrowing
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Figure 8: Effects of Fixed Taxes on Probability of Crises and Welfare
Notes: This figure shows the probability of crisis and the welfare gains as a func-
tion of the fixed tax. Welfare gains are computed as in equation (49) by replacing
the value function of social planner with the competitive equilibrium which is
adjusted by the fixed tax.

constraint is most likely to bind. Paternalistic gains significantly exceed non-paternalistic ones
because the former rectifies both belief distortions and pecuniary externalities. This is partic-
ularly evident following good news—with maximum gains of 0.33% versus 0.08%—as the tax

preempts crises triggered by sudden news reversals.

5.5 Paternalistic, Non-paternalistic and Simple Macroprudential Policies

In this section, we examine simple macroprudential policies that are feasible for real-world im-
plementation and compare them against the optimal benchmarks, including both paternalistic
and non-paternalistic policies. Following Bianchi and Mendoza (2018), we define the simple

policy rule as follows:

7, =max [0, (1 + 1) (b4 /b)Y —1]. (50)

First, we determine the best fixed tax, t*, that maximizes welfare gains (as shown in Fig-
ure 8). In our simulations, this value is found to be 2.4%. Next, holding 7* = 0.024 constant, we
search for the best reference debt level, b, and sensitivity parameter, y. Under DE, the welfare-
maximizing combination is b = —0.84 and y = 0.2.'° These results suggest that the best simple

tax schedule is significantly more acyclical under DE than under RE. This occurs because ad-

16Under rational expectations (RE), the optimal value of y is 3.7, which is substantially larger and aligns with the
results in Bianchi and Mendoza (2018).
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Figure 9: Crises Dynamics: Optimal Policy and Simple Policies
Notes: The panels (a), (b), and (c) are plotted as percent differences relative to the
ergodic mean. Panel (d) shows HP detrended current-account to GDP ratio with a
smoothing parameter 10.

justing the tax rate based solely on debt levels can induce significant welfare losses. Specifically,
while the optimal policy dictates tax cuts in response to negative income news, simple, non-
news-contingent rules fail to provide this necessary state-contingent relief. Consequently, as
illustrated in Figure A.12, welfare gains decline substantially as the elasticity of the tax rate in-
creases.

Figure 9 plots the average dynamics of aggregate variables around financial crises in the
model simulation. As expected, the paternalistic social planner achieves the most significant
cyclical smoothing, followed by the simple debt tax rule, the non-paternalistic planner, and the
fixed tax.

Table 5 summarizes the welfare properties and crisis probabilities associated with different
policy regimes. We find that the paternalistic planner achieves the highest welfare gain, repre-
senting a 0.15% increase in permanent consumption, while minimizing the consumption drop
during crises to 4.63%. Importantly, our paternalistic framework reproduces a positive correla-
tion between output and the debt tax. This result aligns with the conventional view of counter-

cyclical macroprudential policy, as discussed in Schmitt-Grohé and Uribe (2017). In contrast,
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Table 5: Performance of Optimal and Simple Policy Rules

. . Non- Best Best
CEwith DE  Paternalism Paternalism Taylor Fixed
Welfare Gains (%) - 0.15 0.08 0.042 0.038
Crisis Probability (%) 5.53 1.20 0.99 0.87 1.86
Consumption Drop (%) 11.15 4.36 6.26 4.84 6.40
Tax Moments
Mean of Tax (%) - 2.07 4.12 4.06 2.40
Corr(Debt, Tax) - 0.001 0.06 0.19 -
Corr(Output, Tax) - 0.53 -0.82 0.85 -

Notes: Paternalism means the optimal policy that is implemented by the rational social planner to the diagnostic
households. Non-Paternalism indicates the economy with the optimal policy that is implemented by the diagnos-
tic social planner to the diagnostic households. “Mean of Tax” as presented under the Best Fixed column refers to
the fixed tax rate that maximizes welfare.

the original Bianchi (2011) model produces a negative (procyclical) correlation. As shown in
Table A.2, this positive correlation is robust to alternative parameterizations, provided that the
diagnosticity parameter (f) remains significantly above zero.

Figure 10 presents the average tax dynamics around the financial crises. To construct the
figure, we first simulate one million paths of the tradable endowment, yT. A financial crisis is
then defined as a period in which the credit constraint is binding and net capital outflows ex-
ceed one standard deviation of their ergodic distribution mean in the competitive equilibrium
under DE. For each simulated endowment path and the identified crisis dates, we calculate the
corresponding optimal tax paths for both paternalistic and non-paternalistic planners. The re-
sulting average paths are plotted in percentage. Panel (a) displays various debt tax rates, while
Panel (b) shows the decomposed components of the paternalistic policymaker’s tax, T;p .

Our results demonstrate that by imposing a positive debt tax during the pre-crisis period,
the planner effectively prevents crises that would otherwise occur in the competitive equilib-
rium. During a crisis, the paternalistic planner reduces the debt tax rate, primarily to counter-

act the sharp reversal in sentiment (ove1r—pessimism).18 This policy shift occurs because, during

7In our implementation, the macroprudential tax is set to zero whenever the social planners’ borrowing con-
straint binds. Importantly, however, these binding episodes for the social planner do not necessarily coincide with
crisis periods as defined by private agents under DE. At the crisis date (year 0), the probability that the planner’s
borrowing constraint binds is only 21.65% for the rational social planner and 17.96% for the diagnostic social plan-
ner. Consequently, as shown in Figure 10, the optimal tax in both the paternalistic and non-paternalistic cases
does not mechanically drop to zero during crisis episodes. This is because policymakers often succeed in avoid-
ing a binding borrowing constraint by implementing the optimal taxes ex-ante, thereby preempting the crisis that
would have otherwise occurred in a competitive equilibrium without taxes.

18The social planner is constrained to respect the borrowing constraint at all times. By subsidizing debt to ad-
dress pessimism during crises, the planner does not circumvent the constraint; rather, these subsidies boost trad-
able consumption and the real exchange rate, thereby effectively relaxing the borrowing constraint during crisis
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Figure 10: Tax Dynamics around Financial Crises
Notes: This figure shows the average dynamics of various tax policies around Sudden Stop events, based
on one million simulations of the tradable endowment, y”. A crisis is defined as a period where the
credit constraint binds and capital outflows exceed one standard deviation of their ergodic mean in the
competitive equilibrium under diagnostic households. For each simulation, we calculate the optimal
tax paths for both paternalistic and non-paternalistic planners. Panel (a) displays the average paths of
various debt taxes, while Panel (b) decomposes the paternalistic planner’s tax, Tip .

such periods, the correction for belief distortions outweighs the correction for the pecuniary
externality. This dominance results in a countercyclical optimal tax, which stands in sharp con-
trast to the procyclical tax implemented by the non-paternalistic planner.'?

In contrast, the tax schedule under the simple Taylor-type rule exhibits much more atten-
uated adjustments. This finding helps explain the observation by Ferndndez et al. (2015) that
capital controls often vary little in practice. The intuition is that it is often preferable to main-
tain a stable policy if that policy cannot be fully state-contingent. The simple debt rule (50)
is not contingent on the news state (eT) and depends solely on credit cycles (%). This cre-
ates a fundamental conflict: debt may be increasing (signaling a tax hike) at the same time that
negative news is realized (signaling a tax cut to alleviate over-pessimism). In such instances,

adjusting the tax based only on the credit cycle can induce significant welfare losses.

periods.

9Figure A.13 illustrates that output and debt levels collapse during typical crises. The combined dynamics of
the debt tax and output reveal that the optimal tax is countercyclical under the paternalistic planner but pro-
cyclical under the non-paternalistic planner. Notably, the reduction in debt is more pronounced under the non-
paternalistic regime, partly because the debt tax rises in that case while it falls under the paternalistic planner
during crises.
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6 Conclusion

In this paper, we integrate DE into the traditional small open economy model with an occasion-
ally binding constraint. Our findings suggest that DE can intensify crisis dynamics and produce
realistic boom-bust credit cycles through a combination of overreaction to new information,
risk neglect, and borrowing constraints. Our model includes scenarios of both overborrowing
and underborrowing as equilibrium outcomes. In contrast, the standard model suggests cutting
the optimal tax on debt during prosperous times, whereas policymakers advocate for increasing
debt taxes to mitigate economic booms. Our model aligns with the countercyclical optimal debt
taxes, reconciling the standard quantitative model with policymakers’ conventional wisdom.
Future avenues for research will be to incorporate more ingredients or modify features in
the model to better explain the stylized facts. One way is to modify the belief updating system
such that agents have distant memory when perceiving news, as shown in Bianchi et al. (2024a).
This modification would generate more realistic credit boom-bust cycles in which bust is fol-
lowed by slow recoveries as shown in the empirical literature on financial crises (e.g., Reinhart
and Rogoff (2014)). Another way is to incorporate financial intermediaries into the small open
economy model with DE. As most macroprudential policy and capital controls are imposed on
financial intermediaries in practice, for example in the form of capital ratios guided by the Bank
for International Settlement (BIS), the enriched model would deliver further practical policy

implications.
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Appendix

A 3-period Model Proofs

A.1 Proof of Proposition 1

Let u denote the Lagrangian multiplier for the borrowing constraint b, = —«x y». The first-order

conditions are given by

u'(c1) = E1[u' ()], (A.1)
Er[u' ()] = Ey [/ (c3)] + 12, (A.2)

where the marginal utility of consumption is u'(c) =6 — yc.
Suppose the borrowing constraint does not bind (u2 = 0). Then we can use the following

first-order conditions

c1 = Erlco], (A.3)
Eilcp] = Eqlesl. (A.4)

We proceed with the method of undetermined coefficients. Conjecture that the policy func-

tions for savings b; and b, as follows:

bik = algfbo + aﬁfyl, (A5)
by = a5 by +alhys. (A.6)

It is optimal not to save in the final period, so we have b; = 0. Next, we plug the conjectured

RE _1
b2 =2 and

solution b; into equation (A.4) with relevant budget constraints. Then we find that «
RE _ 1
5= ;1 —=p).
Given b}, plug the conjectured solution b} into equation (A.3) and we get a = § and all =

3
2 p(1+p)
3 (1 - T)

If the borrowing constraint binds (u2 > 0), we have
b; = —xys.

Given b3, plug the conjectured solution b into equation (A.3) and get
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1 1
by ==by+—=[1-(1 .
175 0+2[ (1+x)plyn

The borrowing constraint binds if and only if b; < —«x .. Plug the desired saving b; when

the constraint is slack and use y» = py; + €2 and rearrange in terms of €,. Then, we have

bhi+(1-p+2
82<5§EE— ! (1 p K)pyl.
—-p+2K

In this environment, there are no externalities or distortions that hinder the agents in the
competitive equilibrium from choosing the constrained social planner’s allocation. Thus, the

competitive equilibrium is Pareto optimum as implied by the First Welfare Theorem.

A.2 Proof of Proposition 2

Let ,ug denote the Lagrangian multiplier for the borrowing constraint b = —« y, when the agent
forms DE. For notational simplicity, we drop superscript 8 for variables y, ¢, and b. Then, first-

order conditions with DE agents are given by

c1=E[cy), (A.7)
EV(co) = EY[es] + 8. (A.8)

Suppose the borrowing constraint does not bind (pg = 0). Then we can use the following

first-order conditions:

c1=E[cy), (A.9)
EV(co] = E[c3). (A.10)

Analogous to the RE case, conjecture that decision rules for savings b? and bg are given by

0 0 0 0
by" =a), bo+ayy+ag €, (A.11)
bg* = “Z,z b + a?,,zyz + agzsg. (A.12)

By applying the DE equation (12) on y», we can verify that

EV(y,) = E1y2] + O(E1ly2] - Eoly2]) = py1 + O per. (A.13)

Under the assumption of DE on exogenous variables, we do not apply the DE operator on
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endogenous variables. Since previous saving by and income y; are known at time 1, saving at

time 1 by, defined in (A.11), is known at time 1 as well:

EV (691 = E° (68| by, 1, 1] = by. (A.14)

Similarly, we have

ES (9] = E°[BY|by, yo, €2] = bo. (A.15)

We solve the problem using backward induction. At time 2, the agents’ first-order condition

is given by
¢y = EYlc3l. (A.16)

We know that bg* = 0. Equation (A.16) can be rewritten as

y2+b?—bg:Eg[y3+bg]:py2+9p£2+bg. (A.17)

Rearranging equation (A.17) provides the solution for bg as follows:

1 1 1
o = —py+-(1- — ~p0¢,. A.18
2 =5 1+2( p)y2 2,0 £ ( )

We can verify that bg* satisfies the original first-order condition (A.10), and thus the solution
is time-consistent.

Rewrite (A.9) using the relevant budget constraints:
N+ b() —by = E?[yz +b;—by] = P +6p£1 + by — E?[bg*] (A.19)

Given the solution bg *and (A.13), we have

, 11 1 11
E9 11 ]:E§[5b1+§(1—p)y2—5pesz] = Sbi+ 50 -p)pyr +0pen). (A.20)

where ¢, is perceived as i.i.d. given y; and €, implying E‘l9 [e2] =0.
Combining the above two equations give us the solution for b‘f as follows:

2

b?* :§b0+—(1—p(1+p)

2

) —l (1+p)0 (A.21)
3 ) 3P pUEr. .

If the borrowing constraint binds (,ug > 0), we have
by* =~k .
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To define the crisis probability, note that the borrowing constraint binds if and only if bg* <

—Ky2. Plug the desired saving bg* when the constraint is slack and use y, = py; + €2 and rear-

range in terms of €,. Then, we have

[0 -1 —p+2K)]ea> b1+ (1 —p+2K)py1.

If p0 — (1 - p+2x) <0, we have

bi+(1-p+2K)pyn <0
p0—(1—-p+2x)

£2<<€'g

)

and the probability of crises is given by
Pr(e; < €9) = F(&9).

Moreover, we have
0&9 .
—£ <0.
00

Thus, the probability of crises decreases in 0:

OPr(ey < &9
—( 2 <) <0.
00

Meanwhile, if p0 — (1 — p +2x) > 0, the above equation is rearranged as

b1+ (1 -p+2x)pyn =ég>0,
p0—(1-p+2x)

&>
and the probability of crises is given by
Pr(e, > £9) =1 F(&),
where the probability of crises increases in 6 due to the following result:
&9

£<O.

A.3 Proof of Proposition 3

Again, we conjecture the solutions as follows:

0x _ 0 0 0
by —ab,1b0+ay,1y1+a£y1£1,
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(A.22)

(A.23)

(A.24)

(A.25)

(A.26)

(A.27)

(A.28)



0% _ 0 0 0
b,” = “b,zbl + 52+ Ao

If the borrowing constraint does not bind, first-order conditions are given by

= EV[cy),
EY(co) = Ed[c3).

Rewriting (A.31) and using b3 = 0, we get
E{[y2+ b1 = bs] = E{ [y + by).
By applying the DE operator (17) to the above equation, we have

E1ly2 + by — b2l + O(E1[y2 + by — ba] — Egly2 + by — b2))
= E1[ys + b2l + 0(E1[ys + b2l — Eplys + ba).

Using (5), (A.28) and (A.29), we have

E1ly2] +0(E1ly2] — Eoly2]) = py1 +0pen,
El[y3]+9(E1[y3 — Eolysl) = p*y1 +0p%e,
E1[b1] +6(E1[b1] - Eo[b1])

E1[b2] +6(E1[b2] — Eplb2])

b; +9(a + a‘g Ve,

= “bzbl +a:y2py1 +9(abz(ay1 +a51) +ay2p)

(A.29)

(A.30)
(A.31)

(A.32)

(A.33)

(A.34)
(A.35)
(A.36)
(A.37)

Since the RE is a linear operator, we can plug the above four equations into (A.33) and match

coefficients to get

1 1
6 _* 0 _ 1.
“b,z_z’ “y,z—z(l 0).

Rewrite (A.30) using the relevant budget constraints, and we have

y1+bo—by = E [y, + by — by),

and applying the DE operator (17) to the above equation gives

Y1+ bo— Dby = E1[y2+ by — bol + 0(E1 [y2 + by — bo] — Egly2 + by — bo]).

Plug (A.28), (A.34), (A.36), (A.37) into (A.40) and match coefficients to get
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(A.38)

(A.39)

(A.40)



abyl - 3, ay!l - 3

o _2 0 _E( _P(1+P)) o ___ 20
1 2 ) Agqp = 3(34_0)(l+p(1+p))£1. (A.41)

At time 2, the agent’s first-order condition is given by

¢ = E5lcs), (A.42)
or equivalently
Y2+ b1 — by = 3 [y3 + bo] = Eolys + bal + 0(EzLys + bl — Exlys + ba)), (A.43)
where we apply the DE operator (17).
Using (5) and (A.29), we have
Ex[ysl +0(Ezlys]l — Eilysl) = py2 +0pea, (A.44)
Ez[by] +0(Ez[b2] — E1bo]) = by +0(ay2 + g 2) €. (A.45)

Plug the above equations into (A.43) with (A.29) and match coefficients to get

0
0

=- 1 : A4
Ye2= 55,0 TPE (446

The solution for 1329 (19) satisfies the original first-order condition (A.31), implying that solu-
tions are time-consistent. This time-consistency result is analogous to Bianchi et al. (2024a).
If the borrowing constraint binds, we combine the first-order condition at time 1 (A.30) and

the binding borrowing constraint, Eg = —«x)». Then, we have

yi+bo—by=E[y, + b1 —bol = EV (1 + )y + by . (A.47)

Plug the conjectured solution for Bf (A.28) into the above equation and match coefficients:

1 1-(1
i, == a _1-0+xp -0 _ 0 1+ +p]. (A48)

’ a -
» 2 ol 202+0)

The proof for the crisis probability is analogous to that under DE on exogenous variables.
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B Proofs

B.1 Recursive Formation

We show that the sequential and recursive problems are identical under DE on exogenous vari-
ables.
Under the assumption of DE on exogenous variables, the DE operator on function £ at time

t + 1 conditional on time ¢ information is defined as follows:
E[hes1) = EL[A(y, ), 60, )] = f hy € Wi YOV P 0lalyl eDdylyy. (A.49)

The function h(X) is assumed to be Borel measurable and integrable, i.e., EY[|h(X)|] < oo, to
ensure that the (conditional) expectation E?[h(X)] is well-defined and finite. f%(y, |y!,e]) is
diagnostically distorted probability density function of ytT . conditional on the exogenous state
variables y! and e!. News at time 7 +1 (¢ zT+1) is a function of ytTJr1 and y!, which is implied by
the true data generating process, log ytT .1 =prlog yl+ £tT+1.

Start from the sequential problem. Let I'( y;‘r ,b:) denote the feasible set of choice variables
(c; and b41) that satisfy the budget constraint (29) and the borrowing constraint (30) at time ¢,
given y! and b,. The value function at time  then satisfies

[e.e]

Y B uley)

s=t+1

Vt(ytT,etT, b;) = max _ u(cs) + E?

CsyDs5+1 s=t

s.t. {cs, bs11} € I"(yST, bs), Vs = t and b, given. (A.50)

Exploiting the additive separability of preferences and the definition of the DE operator
(A.49), we can alternatively represent this condition recursively:

s.t. {cs,bsy1} € F(yST, bs), Vs = t and b; given.

Y B uley)

s=t+1

Vilyioe b = max_ u(cy) + EY
s:Ds+15g=¢

o0
= max [u(c)+ max Ef[ Y B uley)
ctbrs Cs,bs+1352 141 s=t+1

s.t. {cs, bsi1} €1“(ysT,bs), Vs=t+1, by given.)
s.t. {ct,bri1} € I"(ytT, by), b, given.

()

0| o —(t+1

= max |u(c)+pf max E; Et+l[ Y g ey
et b {es,bs+1}52 141 s=1+1

s.t. {cs, bsi1} € F(ysT,bs), Vs=t+1, by given. )

s.t. {cy, brs1} €T (y!, by), by given.

Z ’65—([+1) M(CS)

s=t+2

= max |u(c)+p max EY|EY (u(ci)l+EY,,
crbrs {esbs+1132 4y

s.t. {cs, bsi1} EF(ysT,bs), Vs=t+1, by given.)

s.t. {cs, bri1} € F(y[T, by), by given.
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o0
= max |u(c;) + BEY max  u(c1) + E2, Y B Vu(cey) | st {cs, bss1} €Ty, by), Y= t+1, byyy given.
ct,bi {Cs,bs+1352 141 S=1+2

s.t. {¢;, by} € F(y[T, b;), b; given.

= max u(e,) + BEC[Vii(yL el brs)] st {cr, b} €Ty, by), by given.
Ctybr+1

The law of iterated expectations has been proved to hold under DE on endogenous variables
for immediate memory (J = 1), as shown in Lemma 1 of Bianchi et al. (2024a). In the third line
of our derivation, we exploit similar property. Given the definition of the DE operator (A.49)

(under DE on exogenous variables), the law of iterated expectations holds as follows:

EJE), [Besren) = EY [Res1sn]. (A.51)

The fourth line applies the additivity property of the DE operator for any functions / and g.

Eohisn+grenl = E0 LNy nl + E21granl. (A.52)

The fifth line again applies the law of iterated expectations: E(Z E?H (u(cis1)] = E?[u(ctﬂ)]. The
final line replaces the recursive expression with the definition of the value function from (A.50).

B.2 Proof of Proposition 4

Let T?'SP be the state contingent tax charged on debt issued at time ¢ by the non-paternalistic

policymaker. Then, the Euler equation for the regulated economy under DE becomes

ur(t) = L+ A +10°PVE [ur(t+ 1)) + . (A.53)

Note that the debt tax is rebated as a lump sum transfer 7; = b;(1 + r)r(j’_slp .

Combining the optimality conditions for the diagnostic social planner (38) and (39), we have

the following Euler equation for the diagnostic social planner:

0, 0,
ur(® =BA+rE (urt+ 1)+ Tyl |+ 1P -v)). (A.54)
The constrained-efficient allocations of the diagnostic social planner consist of a set of se-
quences {CIT , ch N/ pltV , u?'s’g }r=0 that satisfies the following conditions: equation (33), market
clearing conditions in definition 1, (40), (A.54), and ,u?’s’” >0.
In contrast, the diagnostic decentralized equilibrium with the debt tax imposed by the non-

paternalistic policymaker is characterized by {ctT , c,{v ,Dii1, pf‘V NS T?'Sp , Tt} =0 that satisfies the
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following conditions: (33), (35), market clearing conditions in definition 1, (A.53), and u; = 0.

0,sp
Hig ¥ . . .
By setting the debt tax as 16 SP = Eg[:l(t:;ﬁ] the constrained-efficient allocations of the
T
diagnostic social planner are equivalent to those of the regulated economy under DE in states
0,sp
where u,”" = 0.

B.3 Proof of Proposition 5

Let Tip denote the state-contingent tax on debt issued at time ¢ by the paternalistic policy-
maker. The subsequent steps proceed analogously to Proposition 4. The Euler equation for the
regulated economy under DE, where the rational social planner imposes the debt tax, is given
by

ur(9) = BA+rA+1")E [ur(t+ 1))+ . (A.55)

Note that the debt tax is rebated as a lump sum transfer T; = b;(1+ TP .—, and the Euler equation
for the rational social planner is given by equation (44).

The constrained-efficient allocations of the rational social planner consist of a set of se-
quences {cl,cN, by, pl, ;120 that satisfies the following conditions: (33), market clearing
conditions in Definition 1, (43), (44), and ,uip =>0.

On the other hand, the diagnostic decentralized equilibrium with the debt tax imposed by
the paternalistic policymaker is characterized by a set of sequences {c], ¢V, b1, p¥, us, ij , Tid =0
that satisfies the following conditions: (33), (35), market clearing conditions in definition 1,
(A.55),and u; = 0.

sp_ E¢lur(t+1) + ,u;fll//tﬂ]
By setting the debt tax as 7, T lur (D)

for the rational social planner are equivalent to those of the regulated economy under DE in

—1, the constrained-efficient allocations

states where ,u“;p =0.

B.4 Proof of Proposition 6

The optimal tax schedule of the paternalistic policymaker (46) can be rewritten as

v _ Et[ﬂt+11//t+1] Elur(t+1)]  E lur(t+1)]

L == . g : (A.56)
E? [ur(t+1)] E lur(t+1)]  EV [ur(t+1)]

By multiplying E; [ur(f+1)] to both the numerator and denominator of the first term on the

right-hand side, we obtain

sp_ Erlur(+ D) Ee[wg¥en]  Eilup(+ D)) B lur(t+1)]
! E?[uT(t+1)] Eclurt+D]  EO(ur(t+ 1] EOlur(t+ 1))

(A.57)
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Since both optimal tax schedules (46) and (47) are evaluated at the constrained-efficient alloca-
tions of the rational social planner, the Lagrange multipliers ,uifl in the two equations coincide.
Therefore, substituting the tax schedule (47) into equation (A.57) yields

gop _ Elur@+ D] wep Erlur(t+1)]-E? [ur(t+1)]
" Elur+1] EV [ur(e+1)]

(A.58)

which is the desired result.

Note that the social planner’s Lagrangian multiplier, ,uifl, coincides with the multiplier from
Bianchi (2011)’s framework, u;flp . The reason is that the allocations chosen by the rational
social planner with diagnostic households correspond to the constrained Pareto optimum in
Bianchi (2011).
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C Production Economy

We extend our baseline endowment economy model to the two-sector production economy
following Arce et al. (2025). To study the properties of optimal debt tax policy in isolation, we
focus on the case in which the social planner controls only the level of external debt, taking

labor and goods market clearing conditions as given.

Household’s problem In each period, households are endowed with a fixed amount of labor,
h, which is perfectly mobile across the tradable and non-tradable sectors. Households supply
labor inelastically, as they do not value utility from leisure. They receive competitive wages and
firm profits, and they also choose consumption and bond holdings subject to a budget con-

straint and a credit constraint. The household budget constraint is given by

b+l +pNeN=wih+al +2¥+Q+nb,, (A.59)
where w; denotes the wage, and 7! and 7Y are profits from firms producing tradable and non-

tradable goods, respectively. The borrowing constraint is given by
bry1 = —k(weh+m] +7a). (A.60)

Firm’s problem The tradable and non-tradable goods are produced by competitive firms. Pro-

duction technologies are given by

max z; (h)" = wihy, (A.61)
ht

max pNzN (M —w,hY, (A.62)
t

T

where z! is a stochastic productivity process in the tradable sector, zV

is a constant productivity
level in the non-tradable sector, and « € (0, 1). We assume that the log of tradable-sector produc-
tivity, logz!, follows a first-order Markov process: logz! = p,log th_l + &% where p; € (0,1) de-
notes the persistence of productivity and £7 is a Gaussian innovation with mean zero and stan-
dard deviation 0. As in the baseline endowment economy, diagnostic agents form distorted
beliefs about future productivity. In particular, conditional on the current productivity level and
the realized innovation, (logz!, %), diagnostic agents perceive the distribution of next-period
productivity as

logth+1 | (logth,ef) ~ N(pzlogth+0pZ6§,0§).
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Social Planner’s problem We consider a social planner who directly controls the level of bond
holdings, taking labor and goods market clearing conditions as given. The rational planner’s

problem can be written recursively as follows:

VPT b= max  ulelc, M) +BE[VP (", b)) 2] (A.63)
b ,cTcN hT pN

subject to

cT+b =z"WH*+ A +r)b, (A.64)

cN =Ny, (A.65)

h=h"+n", (A.66)

1— T\N+1

b =—x (zT(hT)“ ;¢ (C—N) NNy |, (A.67)
w C

zT (hT)“_l_ l—w(cT)"+1 A68)

zN | hN T w \ceN ’ )

where equation (A.68) is an implementability constraint that links firms’ optimal labor demand
and households’ optimal intratemporal consumption choices. In equilibrium, this condition
ensures that the relative marginal product of labor across sectors equals the marginal rate of
substitution between tradable and non-tradable consumption, as implied by competitive labor
and goods markets.

To obtain the optimal debt tax, we identify the policy that decentralizes the rational social
planner’s allocations in an economy where households have DE.?’ Following the approach in
Arce et al. (2025), in states where the borrowing constraint of the rational social planner is not
binding, the optimal debt tax implemented by a paternalistic (rational) policymaker on the di-

agnostic households is given by

PGy
‘[‘;p _ E;[uT(t+ 1)+,ut+1‘Pt+1] _1
Etur(t+1)]

(A.69)

where ,uip denotes the Lagrange multiplier on the rational social planner’s borrowing constraint

20The problem of the diagnostic social planner is identical to that of the rational social planner, except that ex-
pectations are formed diagnostically. As a result, the diagnostic planner’s decisions depend not only on the current
productivity level but also on the realized productivity innovation, €%, which becomes an additional state variable.
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in (A.67), and \T’t is the collateral elasticity term, defined as

l1-a h
_ pcy @l
Y:,=xn+1) T A NN . (A.70)
—Q
o t ‘Th_z+(n+1)( tCtTt +1)
Ewt N _ﬁ? 7
=1y

The term v, coincides with the pecuniary externality term in the baseline endowment econ-
omy, capturing how an increase in tradable consumption raises collateral values through higher
non-tradable prices. The additional term Y ; is specific to the production economy and reflects
an endogenous labor reallocation mechanism: when tradable consumption increases, the rela-
tive price of non-tradable goods rises. Consequently, labor shifts toward the non-tradable sec-

tor, dampening the sensitivity of collateral values to borrowing. As a result, the effective col-

lateral elasticity ¥, is attenuated relative to the endowment economy. Here, T‘;p can also be
decomposed into two components as in Proposition 6:
_p_ Eilur(t+ 1) Eifuh Pl , Erlur(z+ D) — Eflur(t+1)] A7)
" Ellur(e+ 1)) Erlur(t+ 1) E[ur(t+1)]
Elur(t+1 E¢lur(t+1)] - E] [ur(t+1)]
_ tlur( )] T:(,sp n ALY t LuT ’ (A.72)
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J [ J
-
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PE-DE interaction corrected DE corrected

where T’;’Sp denotes the benchmark debt tax implemented by the rational social planner on the
rational households in the production economy.
Moreover, in states where the borrowing constraint of the diagnostic social planner is not

binding, the optimal debt tax of a non-paternalistic (diagnostic) policymaker is

0,sp 50
B ¥

t+1

0
El’

_L_O,sp —

5 , (A.73)
EVur(t+1)]

where ,u?’s’? denotes the Lagrange multiplier on the diagnostic social planner’s borrowing con-
straint and ‘TJ? is the collateral elasticity term perceived by the diagnostic planner.
We solve the model using the time iteration method under the baseline calibration of Arce

et al. (2025) with the diagnosticity parameter 8 = 1.415 as in our baseline endowment economy.
Cyclicality of Optimal Debt Tax In the endowment economy, households perceive positive

news regarding their endowments as a significant wealth effect, leading them to increase con-

sumption and associated borrowing. Consequently, households overborrow excessively in re-
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Figure A.1: Optimal Debt Tax Schedule
Notes: This figure shows the optimal tax schedule of the paternalistic planner (SP with RE) and
the non-paternalistic planner (SP with DE) when the tradable productivity state is one standard
deviation below and above the trend.

sponse to good news due to belief distortions, which necessitates a higher optimal debt tax.
This expectation-correction channel is central to generating a countercyclical optimal debt tax.

However, in the production economy, the countercyclicality of optimal macroprudential
policy is dampened. This is primarily because diagnostic households do not respond as strongly
to the current realized news, thereby reducing the scope for macroprudential policy to address
belief distortions. Since households receive income in the form of wages and profits—both of
which they take as given—their incentives are tied to firm behavior. Households understand
that firms will reallocate labor into the tradable sector in response to higher productivity in
that sector, which in turn reduces revenue from the production of non-tradable goods. Thus,
although households hold distorted beliefs regarding tradable sector productivity, they expect
that profits distributed by firms will not increase significantly in response to good news. Addi-
tionally, labor reallocation toward the tradable sector reduces the price of non-tradable goods
(p) for a given productivity level (z” and z'), as the relative marginal cost of producing non-
tradable goods falls. This implies that labor reallocation tightens the borrowing constraint, pre-

venting an excessive buildup of debt. Consequently, following positive news, households’ per-
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Table A.1: Cyclicality of Optimal Debt Tax: Corr(Output, Tax)

Paternalism (SP with RE) Non-Paternalism (SP with DE)

Baseline (0 = 1.415) -0.706 0.156
60=5.0 -0.466 0.049
6 =10.0 -0.028 -0.071
6 =15.0 0.221 -0.127

Note: Correlations between output and the optimal debt tax for diagnostic households are reported
for various values of the diagnosticity parameter. The simulated data come from the production
economy of Arce et al. (2025), extended to incorporate diagnostic expectations.

ceived wealth and the collateral value do not increase as substantially as in the endowment
economy, thereby weakening their incentive to overborrow.

Figure A.1 illustrates the optimal debt tax schedule in the production economy, confirming
the weakened expectation-correction channel.?! In the left panels, we present the paternalis-
tic planner’s optimal tax. The planner imposes a higher tax rate when the productivity level
(z7) is lower to address the pecuniary externality. Conversely, the planner raises the tax rate in
response to positive news to mitigate overreactions stemming from belief distortions. Quantita-
tively, the tax variation driven by the pecuniary externality dominates that driven by belief dis-
tortions, substantially reducing the countercyclicality of the optimal debt tax. The right panels
display the non-paternalistic planner’s optimal tax, which, as expected, responds minimally to
news. Interestingly, for a wide range of intermediate debt levels, the optimal tax is higher when
productivity is high. This occurs because the borrowing constraint binds more easily under low
productivity, driven by labor reallocation and the associated drop in non-tradable prices (p™).

As the expectation-correction channel strengthens—that is, as the diagnosticity parameter
0 increases—the countercyclicality of the paternalistic policymaker’s optimal debt tax becomes
more pronounced in the production economy as well. In particular, higher values of 6 amplify
the role of expectation-driven fluctuations relative to the pecuniary externality. When 6 = 15.0,
the correlation between the optimal debt tax and output becomes positive, reaching 0.221, as
reported in Table A.1. The requirement for such a high level of diagnosticity to generate a coun-
tercyclical tax arises because labor reallocation across sectors absorbs the direct pass-through
of productivity shocks, thereby dampening wealth effects driven by overreactions to the real-
ized news. Since such sectoral reallocation is unlikely to occur immediately in the presence of
labor market frictions, the endowment economy provides useful guidance for the optimal im-

plementation of macroprudential policy in the short run.

2lFigures A.2 and A.3 present the corresponding decision rules for bond holdings of the social planner and the
private agents under low and high productivity states, respectively.
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Figure A.2: Bond Decision Rules in a Low Productivity State
Notes: This figure shows the bond decision rules in the decentralized competitive equilib-
rium under the DE and in the constraint-efficient equilibrium when the tradable productiv-
ity state is one standard deviation below the trend.
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Figure A.3: Bond Decision Rules in a High Productivity State

Notes: This figure shows the bond decision rules in the decentralized competitive equilib-
rium under the DE and in the constraint-efficient equilibrium when the tradable productiv-
ity state is one standard deviation above the trend.
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C.1 Rational Expectations Benchmark

Figure A.4 and Figure A.5 summarize the policy functions for labor allocation in the tradable

sector, external bond holdings, and the optimal debt tax schedule under RE.

(a) Labor in the tradable sector (b) Ex-ante policy

— CE with RE —SP with RE (Ex-ante policy)
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Figure A.4: Tradable Labor Policy function and Debt Tax Schedule
Notes: The panel (a) shows the tradable labor policy function in the decentralized competi-
tive equilibrium and in the constraint-efficient equilibrium (ex-ante intervention) under the
RE, and the panel (b) shows the optimal debt tax schedule implemented by the rational so-
cial planner on the rational agent, when the tradable productivity is set at the mean value.
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Figure A.5: Bond Decision Rules
Notes: This figure shows the bond policy function in the decentral-
ized competitive equilibrium and in the constraint-efficient equilib-
rium (ex-ante intervention) under the RE, when the tradable produc-
tivity is set at the mean value.
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D Solution Method

In this appendix, we describe the numerical procedures used to solve the competitive equilib-
rium and the social-planner problems. The competitive equilibrium is characterized by policy

and pricing functions — b'(yT,e”, b), pN(y", €T, b), and ¢T (y7,e”, b) — that satisfy:

uT(CT(yT’ET’ b)’yN) = IB(]‘ + r)EgT/D,TYETuT(CT(yT,)ET,) b,(J/T,ET, b))»yN); (A74)
1
N, T .T l—a))(cT(yT,eT,b))n+

€ ,b) = , A.75

p (y e, b ( > Iy (A.75)

b'(yT el by + (kN pN (T, eT, byyN +xTyT) =0, (A.76)

Tyl el, by =+ +y" -b' (e, b). (A.77)

Discretization Before solving the model, we discretize the true AR(1) process for tradable in-
come and the perceived diagnostic transition matrix of the exogenous states for each news state
using the Tauchen method (Tauchen, 1986). The lower and upper bounds of the tradable in-
come grid, _)71T and _)_/Z;T, are set to m unconditional standard deviations around the uncondi-
tional mean u’:

W=u-mor,  ju.=p"+mor.

2
P

Note that m = 3 in the general case and ¢! is Gaussian with mean zero and variance o

Note that we do not choose the news grid arbitrarily. Instead, we recover the possible values
of the news state from the discretized tradable endowment grid using él.Tj =logj/ —p’log )7].T
for each i,j € {1,2,...,nr}, which yields up to nZT implied news realizations. We then collapse
this set to an nr-point news grid by selecting nodes that preserve the original minimum and
maximum. Let EIT << E,TlT be the news grid. This procedure ensures that the news state space
fully captures all realizable outcomes consistent with the endowment process.

Now, we define the diagnostic transition matrix as follows. Let d = j/].T - 37].T_1 and ®(-) de-

note the standard normal cumulative distribution function. If j is between 2 and nr -1, the
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diagnostic transition probability matrix, Wiej = Pr

T =T T =T .T = :
yt+1:yj |yt :yl‘ rgt :ge] lssetby

n?e,j =Pr [y]T —di2<pr+pr(y] +08) +ef,, <] + dlz] )

—Pr [ij ~(ur+pr(7f +0EN) —dizsel, < 7T~ (ur+ pr(y] +02.) + d/z] :

7= (ur+pr (G +0e) +di2) (7= (ur+pr(if +0.) - d/2
=P _® .
If j =1, then
nl, 1 =Pr{ur+pr(F] +08) +e], <y +di2],
o I = (ur+pr(FF +08.) +d/2
O¢ )
If j = nr, then
Moy =Pl Fnyp —dI2 < pr+ pr (7] +08) +€/,,],
o yZT—(uT+pT(y,-T+eée))—d/z)
o¢ '

Time-Iteration Algorithm The competitive equilibrium is solved using a modified time itera-
tion method to handle the asymmetric credit constraint.?> We interpolate the functions using a
piecewise liner approximation. Start the algorithm at an initial point by setting K = 1 and guess
the equilibrium functions at this point, denoted by clg(yT, el b, pg(yT, eT b)and blK(yT, el b).
The algorithm is as follows:

i

1. Setthe by, (7,7, b) = ~Np¥(yT, T, b)y"N + kT yT) as the maximum capacity of bor-
rowing, and calculate c£ 1 yT, el b) using the market clearing condition for the tradable
goods (A.77).

2. Compute the following equation:

EE=ur(cg,(y" et b),yN) - (1 + r)EzplyT,gT [ur(6£+1(yT’,£T’, b €T, b)),yN)],

= ur(cg, (v et b), V)

-Ba+n Y G 1y eDur(ck,, (", il e v el ), yv),
v =logyT'~pTlogy®

22This method solves the model through backward recursion by iteratively substituting the model’s optimality
conditions expressed in a recursive way.
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where 7% (yT"| yT,e7) is the diagnostically distorted transition matrix. Note that although
diagnostic agents form their expectations under the distorted distribution, they are aware
that the true DGP for the tradable endowment follows an AR(1) process. This allows us to

compute DE using the ¢!’ =logy!’' — pTlog y?.23

(a) If EE > 0, the credit constraint is binding; move to step (3).

(b) If EE <0, the credit constraint is not binding. Then, solve for ¢, , (y”,&", b) that sat-
isfies the Euler equation (A.74) with equality using a root-finding algorithm. Then,

using the market clearing conditions for the tradable goods, calculate the b'K+1 ( yT’ el b).
T T .T 1+‘I]
3. Update pj, (&7, b) = Lo (Bl )

4. Iterate these steps until the equilibrium functions, b’(yT, el b, pN(yT, el b),and cT(yT, el b,

converge.

The algorithm of solving the social planner problem is similar to that of competitive equi-

librium. The key difference is that u7 in step (2) becomes usTp = ur + p*Pw where pu*? > 0 when

n
the constraint binds and y = k¥ (n + 1) (122) (;—Z,) which arises from the internalization of the

pecuniary externality.

Z3This differs from the ARMA(1,1) misperception case, where £’ is given by e’" = log y”" — prlogy” —0pre’.
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E Effects of the Degree of Diagnosticity

To investigate the channels through which DE affect the model’s characteristics, we explore how
the degree of diagnosticity, 8, influences crisis dynamics.

Panel (b) of Figure A.6 illustrates the relationship between 6 and the crisis probability, start-
ing from values of 6 close to zero (6 = 0.1). Panel (a) of this figure also plots the ergodic distribu-
tion of bond holdings, revealing that the distribution becomes more dispersed as 6 increases.
This dispersion reflects the fact that households overborrow more frequently in response to
good news, which increases the probability of a crisis. At the same time, because a financial
crisis is defined as a period when the borrowing constraint binds, the crisis probability is mea-
sured as the cumulative density below the threshold bond-holding level. For values of § smaller
than the threshold (close to 1), the precautionary saving motive is sufficiently strong to lead the
economy to hold larger bond positions more frequently, thereby reducing the crisis probability.
Note that precautionary saving motives are further strengthened when the perceived variance
of income increases in the presence of a borrowing constraint and/or convex marginal utility
(Carroll et al., 2021). This highlights how the interaction between the borrowing constraint and
DE generates nonlinear responses in the crisis probability relative to diagnosticity 6.

Figure A.7 shows that as the degree of diagnosticity increases, variations in aggregate vari-
ables including the depreciation of the exchange rate become larger. Intuitively, this is because
a typical crisis becomes more severe as agents overreact more to the realized news. However,
we find a nonlinearity for values of 8 below 0.5. In this region, the precautionary saving motive
dominates, leading to more pre-crisis savings. Consequently, the magnitude of the subsequent
correction during a crisis becomes smaller.

Figure A.8 illustrates the average dynamics of the diagnostic competitive equilibrium around
financial crises for different values of . As 6 increases from 0.1 to 3.0, the economy experiences
more severe booms in the periods leading up to a crisis. Standard models for studying Sudden
Stop events do not easily generate such endogenous boom periods. Indeed, we match observed
credit booms to calibrate the diagnosticity parameter 6. In our model, positive news shifts the
probability density function of future tradable income (y’’) rightward; this leads diagnostic

agents to underestimate left-tail risks, thereby increasing the economy’s vulnerability to crisis.
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Figure A.6: Effects of the Degree of Diagnosticity (6)
Notes: The ergodic distributions and the probability of crises are calculated by simulating
one million stochastic time-series data, using the policy function from each value of 6.
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Figure A.7: Severity of Financial Crises and the Degree of Diagnosticity (0)
Notes: This figure depicts the variation in financial crisis severity across different values of 6.
The panels (a), (b), and (c) are plotted as percent differences relative to their ergodic mean.
Panel (d) shows the current-account to GDP ratio in percentage. For each 6, the identifica-
tion of Sudden Stops events follows the same methodology as in Figure 4.
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Figure A.8: Effects of the Degree of Diagnosticity (9) on Crises Dynamics
Notes: This figure depicts the variation in financial crisis dynamics across different val-
ues of 6. For each 6, the identification of Sudden Stops events follows the same method-
ology as in Figure 4. The panels (a), (b), and (c) are plotted as percent differences rela-
tive to the ergodic mean. Panel (d) shows HP detrended current-account to GDP ratio

with a smoothing parameter 10.
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Figure A.9 presents the degree of overborrowing and crisis probabilities calculated for each
solution under different parameterizations of the diagnosticity parameter (6) and the parame-

T = «N). The degree of overborrowing is measured as per-

ter of the borrowing constraint (k = x
centage deviations of the ergodic mean of leverage (—b/y) in the competitive equilibrium from
that in the paternalistic social planner’s allocation. We find interesting interactions between 6
and x and the associated nonlinearity. In panel (a), the overborrowing behaviors are intensi-
fied as the degree of diagnosticity increases, although there are some nonlinearities. Moreover,
the degree of overborrowing increases at higher rates when the borrowing constraint param-
eter x falls (the borrowing constraint becomes tighter). We observe similar patterns for crisis
probabilities in panel (b), although nonlinearities become more pronounced due to a complex
interaction between the threshold for tail risk and the distribution of debt as explained in the
previous section. These results suggest that emerging market economies—who face lower «
than advanced economies possibly due to lower financial development—are more vulnerable

to financial crises as agents’ beliefs become more distorted.
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Figure A.9: Alternative Parameterization: Overborrowing and Crises Probabilities
Notes: In panel (a), for each parameterization of the diagnosticity parameter () and the param-
eter of the borrowing constraint (x), the degree of overborrowing is measured as percentage de-
viations of the ergodic mean of leverage (—b/y) in the competitive equilibrium from that in the
paternalistic social planner’s allocation.

Figure A.10 plots the severity of crises measured in terms of abrupt changes in key variables.
The panels (a), (b), and (c) (real exchange rates, bond holdings, and tradable consumptions)
are plotted as percent differences relative to their ergodic mean in absolute terms. Panel (d)

shows the current-account to GDP ratio in percentage. The higher the values are, the more
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severe crises (more depreciations, more increase in bond holdings, further drops in tradable
consumption, more sharp current account reversal). We generally find that crises are more se-
vere when 0 is higher and « is higher, although nonlinearities occur. This implies that advanced
economies with high financial development (k) experience more severe crises once crisis events
are realized, while crisis probabilities in advanced economies are lower than in emerging mar-

ket economies. This pattern is more pronounced if households become more diagnostic.
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Figure A.10: Alternative Parameterization: Crises Dynamics
Notes: This figure depicts the variation in financial crisis severity across different sets of the diagnos-
ticity parameter 0 and the borrowing constraint parameter x. The panels (a), (b), and (c) are plotted
as percent differences relative to their ergodic mean in absolute terms. Panel (d) shows HP detrended
current-account to GDP ratio with a smoothing parameter 10. In all panels, higher values imply more
severe crises. For each 6 and «, the identification of Sudden Stops events follows the same methodology
as in Figure 4.
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F Sensitivity Analysis

This section investigates sensitivity of the model regarding alternative parameterizations, in-
cluding the degree of diagnosticity 8, discount factor §, interest rate r, the borrowing constraint
parameter x, and persistence p! and volatility o of income process.

Table A.2 presents results on welfare gains, average debt tax rates, correlation between out-
put and debt tax, correlation between debt and debt tax, and mean of leverage under various
equilibria. Regarding welfare gains, we calculate the consumption needed to compensate the
agent (in percentage change) so that she wants to move from the allocation set by the social
planner to the allocation implied by the competitive equilibrium with diagnostic households.
Such welfare gains are calculated for two cases: rational social planner (RE-SP) and diagnos-
tic social planner (DE-SP) where the reference economy is in the competitive equilibrium with
diagnostic households. For each type of social planner, we also obtain average debt tax rates,
correlation between output and optimal debt tax, and correlation between debt and optimal
debt tax, using simulated data from the model. The mean of leverage is calculated for each al-
location under (i) competitive equilibrium with rational households (RE-CE), (ii) constrained
Pareto optimum with the rational social planner (RE-SP), (iii) competitive equilibrium with di-
agnostic households (DE-CE), and (iv) constrained Pareto optimum with the diagnostic social
planner (DE-SP).

Table A.3 shows similar results on the probability of crises along with severity of those crises
measured in terms of changes in consumption, real exchange rate (RER), and current account
to GDP ratio (CA/y).
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Table A.2: Sensitivity Analysis: Tax Moments

Debt-to-Output Ratio

Welfare Gain (%) Taxon Debt Corr(Output,Tax) Corr(Debt,Tax) RE DE

RESP DESP RESP DESP RESP DE SP RESP DESP CE SP CE SP
baseline (0=1.415) 0.15 0.08 2.07 4.12 0.53 -0.82 0.001 0.06 29.36 28.35 29.81 28.8
0=3 0.38 0.02 -1.57 4.18 0.63 -0.41 -0.04 0.56 - - 29.83 29.27
0=2 0.25 0.06 0.74 4.24 0.60 -0.69 -0.02 0.30 - - 2990 29.11
0=1 0.09 0.08 2.87 4.07 0.33 -0.84 0.05 -0.05 - - 29.64 28.57
0=0.1 0.08 0.09 4.09 4.16 -0.75 -0.77 0.09 0.05 - - 29.38 28.37
B=0.93 0.06 0.05 0.54 2.18 0.52 -0.85 0.10 -0.03 28.65 27.65 29.05 28.05
B =0.89 0.22 0.11 3.86 5.97 0.55 -0.75 -0.04 0.13 29.75 28.73 30.12 29.2
r=0.06 0.06 0.05 0.67 241 0.53 -0.85 0.10 -0.02 28.7 27.69 29.14 28.14
r=0.02 0.19 0.11 3.72 5.7 0.54 -0.75 -0.04 0.13 29.75 28.73 30.07 29.17
xk =0.34 0.13 0.09 2.14 4.32 0.53 -0.84 -0.002 0.06 30.46 29.34 30.81 29.8
x =0.30 0.14 0.06 2.17 3.85 0.52 -0.79 0.03 0.05 27.79 26.86 28.29 274
pr (15 % more) 0.17 0.07 1.74 4.15 0.53 -0.76 -0.09 0.12 29.63 28.67 30.06 29.22
or (15 % less) 0.11 0.08 2.52 4.09 0.49 -0.84 0.15 0.02 29.16 28.07 295 284
ot (15 % more) 0.14 0.08 1.71 3.96 0.53 -0.83 0.04 0.02 28.78 27.63 29.3 28.16
or (15 % less) 0.15 0.07 2.28 4.29 0.53 -0.79 -0.01 0.10 29.91 29.05 30.26 29.43
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Table A.3: Sensitivity Analysis: Crises Moments

Severity of Financial Crises

Prob. Crisis Consumption RER CAly
RE DE RE DE RE DE RE DE

CE SP CE SP CE SP CE SP CE SP CE SP CE SP CE SP
baseline (0=1.415) 5.58 1.2 553 0.99 8.03 436 11.15 6.26 26.1 12,79 36.05 1837 536 15 8.56 3.38
0=3 - - 6.5 291 - - 12.8 9.38 - - 4259 285 - - 113 7.55
0=2 - -  6.18 1.82 - - 1174 7.49 - - 38.39 226 - - 9.78 5.19
0=1 - - 54 0.77 - - 1024 5.67 - - 32.81 165 - - 7.27 247
0=0.1 - - 581 127 - - 1052 4.97 - - 34 1453 - - 745 1.65
=093 416 087 234 036 104 58 1034 6.13 3462 1735 3294 178 6.84 199 6.65 2.33
$=0.89 726 146 82 167 763 393 11.21 63 2469 1145 363 185 543 152 9.19 3.88
r=0.06 447 085 263 044 1014 571 1075 6.27 33.58 17.05 34.38 182 6.54 192 7.06 2.48
r=0.02 722 151 756 1.65 815 4.21 11.03 6.35 26.68 1242 3588 18.6 594 1.71 8.98 3.88
kK =0.34 094 094 4.05 0.73 9.89 496 12.26 6.62 33.78 14.73 40.74 19.6 7.07 1.78 9.47 343
x =0.30 719 141 7.87 146 6.18 3.64 9.18 569 192 1049 2853 1648 3.76 1.14 6.82 3.16
pT (15% more) 63 12 6.04 131 6.84 389 1083 6.57 2201 11.32 3478 194 45 147 8.7 4.15
pT (15% less) 549 124 498 0.78 9.48 4.81 10.81 594 31.28 1424 3497 173 643 153 7.75 2.63
ol (15% more) 524 122 435 0.74 9.78 548 1215 7.11 33.14 1649 4009 21 651 19 89 351
ol (15% less) 691 131 692 132 6.75 353 989 542 2136 10.21 313 157 466 132 7.89 3.17
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Figure A.11: Optimal Tax Decomposition in a High Income State
Notes: This figure shows the decomposed optimal debt tax imposed by the paternalistic (rational) so-
cial planner on the diagnostic private agent, when the current tradable income state is one standard
deviation above the trend. 7*°? (black solid line) represents the benchmark optimal debt tax for the
rational social planner with rational households as we define in equation (47). 757 (blue solid line)
represents the optimal debt tax of the paternalistic policymaker.
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Figure A.12: Probability of Crises and Welfare Gains from Simple Debt Tax Policies
Notes: This figure shows the probability of crisis and the welfare gains as a function of y, which is
the elasticity of the tax with respect to the excess of the borrowing compared to a target b = —0.84.
Welfare gains are computed as in equation (49) by replacing the value function of social planner
with the regulated competitive equilibrium, adjusted by the simple tax rule.
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Figure A.13: Crisis Dynamics in Levels: Optimal vs. Simple Policies
Notes: This figure displays the average dynamics of various tax policies surrounding Sud-
den Stop events, presented in levels. A financial crisis is defined as a period in which the
credit constraint binds and net capital outflows exceed one standard deviation of their er-
godic mean in the competitive equilibrium under DE.

72



H Rational Expectations Benchmark

For comparison with the baseline model under DE, we also solve for the RE equilibrium and the
corresponding social planner allocation. A further distinction from Bianchi (2011) is that the
only source of uncertainty in our model arises from tradable income. However, this assump-
tion does not alter the qualitative dynamics relative to Bianchi (2011), as illustrated in Figure
A.14. The figure shows that the bond policy functions under a VAR(1) process and an AR(1) pro-
cess with fixed yV are qualitatively similar. Quantitatively, the VAR(1) specification implies less
borrowing than the AR(1) process. The reason is that under the VAR(1) process, agents face an
additional stochastic income source: even when tradable income is low, there remains a pos-
itive probability that non-tradable income will be high, which would reduces the incentive to
borrow. Figure A.15 and A.16 plot bond decision rules and optimal debt taxes along with asso-

ciated welfare gains under the rational competitive equilibrium and the rational social planner.
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—— AR(1) y" with yN=1
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Current bond holdings
Figure A.14: Bond Decision Rules: VAR(1) process vs. AR(1) process with a fixed yv
Notes: This figure compares the bond decision rules in the competitive equilibrium under RE using
both an AR(1) process with ¥V = 1 and a VAR(1) process as in Bianchi (2011) when the current
tradable income state is one standard deviation below the trend and the non-tradable income
state is set at the its mean value.
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Figure A.15: Bond Decision Rules in a Low Income State
Notes: This figure shows the bond decision rules in the decentralized com-
petitive equilibrium under the RE and in the constraint-efficient equilib-
rium under the RE when the current tradable income state is one standard
deviation below the trend.
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Figure A.16: Tax Schedule and Welfare Gains in a Bad Income State
Notes: This figure shows the welfare gains from correcting the externality and the optimal tax schedule
implemented by the rational planner on the rational households, when the current tradable income
state is one standard deviation below the trend. The grey-shaded region indicates the optimal tax is
positive. Welfare gains are computed as compensating consumption variations that equalize expected
utility across the competitive equilibrium and the constraint-efficient equilibrium under the RE in
both equilibria.
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