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Summary

In my PhD thesis, I have explored a variety of issues in macroeconomics. The common
thread throughout this work has been my passion for the economic method and inter-

esting economic problems rather than a specific topic.

In Chapter 1, I study, together with Javier Gonzalez-Morin, the effect of forward gui-
dance in the New Keynesian model commonly used to analyze the impact of monetary
policy. In the standard model, forward guidance is excessively expansionary : the effect
on current output grows without bounds in the promised length of a zero-interest-rate
path — the so-called “forward guidance puzzle.” We propose augmenting the model with
limited commitment and reputation concerns and find that, once these considerations
are taken into account, the effect of forward guidance remains bounded but positive.
We then show, among other things, that the persistence of demand shocks has a non-

monotonic impact on the effectiveness of forward guidance.

In Chapter 2, I jointly with Chenchen Huang study the distributional consequences of
a property value tax. We propose a model where households have non-homothetic pre-
ferences over housing and non-durable consumption, and we find that a higher property
value tax increases wealth inequality while reducing consumption inequality. While this
may appear puzzling at first, this is because higher property taxes discourage future
home ownership for households with low wealth, and they respond by reducing savings

and increasing non-durable consumption.

In Chapter 3, I investigate whether gender inequality in labor markets emerges before
parenthood due to expectations about caregiving responsibilities. I develop a theoreti-
cal model where women face higher caregiving risk and firms cannot observe workers’
future caregiving roles. Under asymmetric information, firms hire fewer women into
high-productivity, inflexible jobs, creating an inefficient glass ceiling. The model high-
lights how statistical discrimination and caregiving expectations jointly reinforce gender

disparities.



Résumé

Dans le cadre de ma thése de doctorat, j’ai exploré diverses questions en macroécono-
mie. Le fil conducteur de ce travail n’est pas un sujet spécifique, mais plutot mon intérét

pour la méthode économique et pour 1’étude de problémes économiques stimulants.

Dans le chapitre 1, avec Javier Gonzalez-Morin, nous analysons l'effet de la forward
guidance dans le modéle keynésien moderne utilisé pour étudier 'impact de la politique
monétaire. Dans sa version standard, la forward guidance produit des effets excessive-
ment expansifs : 'effet sur la production actuelle croit indéfiniment avec la durée pro-
mise d’un chemin de taux d’intérét nul, phénomeéne connu sous le nom de « puzzle de la
forward guidance ». Nous proposons d’enrichir le modéle en y intégrant des contraintes
de commitment limité et des préoccupations de réputation. Nous montrons alors que
I'effet de la forward guidance reste positif mais borné. Par ailleurs, nous démontrons
que la persistance des chocs de demande influence de maniére non monotone 'efficacité

de cette politique.

Dans le chapitre 2, avec Chenchen Huang, nous étudions les conséquences distributives
d’une taxe sur la valeur immobiliére. Nous construisons un modéle dans lequel les mé-
nages présentent des préférences non homothétiques pour le logement et la consomma-
tion non durable. Nos résultats indiquent qu'une augmentation de la taxe immobiliére
accroit les inégalités de richesse tout en réduisant les inégalités de consommation. Ce
P ) . . P 2 P
résultat, apparemment paradoxal, s’explique par le fait que des taxes plus élevées dé-
couragent ’accession future a la propriété pour les ménages modestes, qui réagissent en

réduisant leur épargne et en augmentant leur consommation non durable.

Enfin, dans le chapitre 3, j’étudie ’émergence des inégalités de genre sur le marché du
travail avant la parentalité, en lien avec les attentes concernant les responsabilités de
soins. Je propose un modele théorique ot les femmes sont confrontées & un risque de
charge de soins plus élevé, que les entreprises ne peuvent observer. Dans ce contexte

d’information asymétrique, les entreprises recrutent moins de femmes pour des postes



a haute productivité et peu flexibles, générant ainsi un plafond de verre inefficace. Le
modeéle illustre comment la discrimination statistique et les attentes liées aux soins se

renforcent mutuellement, accentuant les disparités de genre.
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Chapter 1

Forward Guidance with Limited

Commitment and Reputation

Javier Gonzalez-Morin ! & Emil Mortensen 2

Abstract

We argue that reputational concerns and limited commitment help overcome the for-
ward guidance puzzle. Specifically, we study monetary policy in a New Keynesian model
with a recurrent Zero Lower Bound where 1) the central bank is unable to commit to
future policy, and 2) has private information about its discount factor giving rise to
type-based reputation. Limited commitment imposes an upper bound on the length of
sustainable promises while reputational concerns imply that forward guidance remains
a useful policy tool at the Zero Lower Bound. Quantitative exploration shows that
there is a non-monotonic relationship between the potency of forward guidance and the
persistence of the Zero Lower Bound when the central bank cannot commit, while it
is monotonically decreasing with full commitment. We find that the optimal length of
forward guidance is 5 quarters with limited commitment compared to just 1 quarter

with full commitment.

Keywords: The forward guidance puzzle, limited commitment, reputation
JEL classification: E58, E52

1. Toulouse School of Economics. Email: javier.gonzalez-morin@tse-fr.eu

2. Toulouse School of Economics. Email: emitm@outlook.dk. We are grateful to Fabrice Collard,
Christian Hellwig and Sara Shahanaghi for providing valuable feedback on earlier versions of the paper
as well as for helpful comments. We also thank Patrick Féve, Eugenia Gonzalez-Aguado, Andreas
Schaab, and participants at the TSE Macro Workshop, TSE Theory Workshop, 2023 “Challenges of
Europe", 2023 EEA-ESEM, and 2023 SMYE conferences.
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1.1 Introduction

The welfare cost of the Zero Lower Bound (ZLB) depends on the effectiveness of the
unconventional monetary policy tools that the central bank can resort to, among which
forward guidance. In the baseline New Keynesian model, forward guidance is exces-
sively expansionary: the effect on current output grows without bounds in the promised
length of a zero-interest rate path — the so called "forward guidance puzzle" Del Negro,
Giannoni, and Patterson (2012). Hence, any recession can be abated by a sufficiently

generous promise about future interest rates McKay, Nakamura, and Steinsson (2016b).

In this paper, we take seriously one important, but overlooked, aspect of forward guid-
ance: time inconsistency. We abandon the strong assumption that central banks can
commit to a time-inconsistent policy, and we assume that forward-looking households
understand the incentives of the central bank to keep its promise. We argue that this

is sufficient to overcome the forward guidance puzzle.

We make two departures from a baseline New Keynesian model with recurrent ZLB
events. First, we add limited commitment to capture the idea that central banks have
an incentive to promise an expansionary future path of interest rates at the ZLB, but
as soon as the economy leaves the ZLB, they would like to fulfill their actual mandate
instead of sticking to the promised path of interest rates. Second, we add type-based
reputation that we model by introducing private information of the central banker about
her preferences. We assume that a central banker is only in charge of the central bank
for a finite period, while the central bank is infinitely-lived. The central banker can be
of two types: she may either be 1) a forward-looking one who wants to maximize the
lifetime utility of infinitely-lived households, or 2) a myopic central banker who only
cares about the utility of the households when she is in charge of the central bank.
Modeling type-based reputation allows us to study how the effectiveness of forward
guidance evolves over time as a function of the central bank’s past policy decisions. In

this environment, we first derive some theoretical properties of forward guidance under

15



limited commitment. We then develop new insights by exploring the effect of forward
guidance under limited commitment quantitatively, and we see how this effect compares

to a model with full commitment.

In our model, the key decision faced by a central banker is whether to honor a past
promise to keep interest rates low. The central banker trades off the cost of an excess
expansion upon exiting the ZLB to honor a past promise against signaling its will-
ingness to keep promises, which builds reputation. When ZLB events are recurrent,
reputation is valuable to the central bank as it determines the effectiveness of forward
guidance, and hence the severity of recessions in future ZLB episodes. An economy with
a myopic central banker will not face an excess expansion upon exiting the ZLB while

a forward-looking central banker may be willing to incur this cost to gain reputation.

We prove that the effect of forward guidance is less potent once agents factor in the
incentives of the central bank to keep its promise. In particular, we show that there
are realizations of the demand shock such that no promise is ever kept. We further
prove that there exists a maximum duration of forward guidance that can be sustained
in equilibrium. Any promise of a longer duration is not credible and hence futile. As
a corollary, the marginal effect of increasing the promised duration of zero-interest is

negative at this length.

We then calibrate the model to the US economy to explore the quantitative features of
our model. We find that the effect of forward guidance is much mitigated once agents
factor in the incentives of the central bank to keep its promises. The effect on output
gap of promising one quarter of forward guidance is only half as powerful under limited
commitment compared to full commitment. As agents realize that more expansionary
promises are harder to keep, this mitigation is increasing in the promised duration of
keeping the interest rate at zero. For instance, the effect of promising forward guidance
for three quarters is a 0.55 percentage points increase in the output gap under limited

commitment while it is 1.4 percentage points under full commitment. For our calibra-
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tion, the maximum sustainable length of forward guidance is five quarters, which is also
the optimal duration of forward guidance, while the optimal length is one quarter with

full commitment.

The incentives to keep a promise are linked to the persistence of ZLB episodes, result-
ing in a non-monotonic relationship between this persistence and the effect of forward
guidance. More persistent ZLB episodes decrease the probability of exiting to a more
expansionary state where interest rates are still kept at zero. This reduces the effect
of forward guidance. Yet, the persistence of the ZLB under limited commitment also
determines the value of having a high reputation. The more persistent the ZLB and
therefore the more severe the drop in output and inflation, the more important it is for
the central bank to have a high reputation implying that they will be more likely to
honor its past promise. With full commitment, this latter effect is absent and therefore

the effectiveness of forward guidance is monotonically decreasing in the persistence of

the ZLB.

We then move on the compare our paper with the discounted Euler literature which is
one of the more prominent attempts of solving the forward guidance puzzle. The main
difference is that attenuation in our paper works though expected interest rates not
responding fully to announcements about forward guidance while fully credible changes
in expectations are still as potent as in the standard New Keynesian model. One possi-
ble way to distinguish our paper from that literature would be to look at how the yield
curve responds to policy announcements. In our framework, we would not expect the
yield curve to respond perfectly to forward guidance which is consistent with the results
in Campbell et al. (2019) that the FED has only limited influence on expected future
interest at long horizons. We also relate our paper to Bhattarai, G. B. Eggertsson, and
Gafarov (2023) which show that quantitative easing serves as a commitment device for
forward guidance and hence is complementary. We find that these two policies can
actually be substitutes as quantitative easing is already reducing the expected future

Interest rates.
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The paper is organized as follows. Section 1.2 relates our paper to the existing litera-
ture. Section 1.3 introduces forward guidance in a New Keynesian model augmented
with limited commitment and reputation. Section 1.4 presents the main results. Sec-
tion 1.5 explores some quantitative features of the model. Section 1.6 relates our model
to the literature on the discounted Euler equation. Section 1.7 extends the model to
study the interaction between forward guidance and quantitative easing. Section 1.8

concludes. Appendix 1.C contains all the proofs.

1.2 Related Literature

Our paper is related to four strands of literature: forward guidance, time inconsistency

of monetary policy, reputation, and loose commitment.

Forward guidance has been the subject of a large and growing literature. G. Eggertsson
and Woodford (2003) shows that the possibility of engaging in forward guidance may
significantly reduce the welfare cost of the ZLB which is consistent with the view ex-
pressed in Bernanke (2020), while Bilbiie (2019) solves for the optimal level of forward
guidance in a New Keynesian model with full commitment. Nevertheless, the large im-
pact of forward guidance predicted by the plain vanilla NK model has been questioned
by Del Negro, Giannoni, and Patterson (2012), which has given rise to the well-known
"forward guidance puzzle." This puzzle has spurred a literature trying to solve it where
a common approach has been to mute the importance of expected future output on
current output by assuming some kind of bounded rationality as in Farhi and Werning
(2019), Gabaix (2020) and Garcia-Schmidt and Woodford (2019) or lack of common
knowledge as in Angeletos and Lian (2018). Another approach is to assume incomplete
markets as McKay, Nakamura, and Steinsson (2016b), yet the degree to which mar-
ket incompleteness provides a solution to the forward guidance puzzle depends on the
cyclicality of risk as remarked by Werning (2015), and elaborated further by Acharya

and Dogra (2020). One common implication of these papers is that they give rise to
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a "discounted" Euler equation which attenuates the effect of higher expected future
output. Nakata et al. (2019) show that this implies the prediction that to obtain the
same effect of forward guidance as in the standard model, interest rates should be kept

low for longer time.

Since the seminal contribution of Kydland and Prescott (1977) and Barro and Gor-
don (1983), it has been known that optimal policies may be time inconsistent, which
implies that there are gains to commitment. Forward guidance is a perfect example of
this. The ability of committing to a low future interest rate at the ZLB can enhance wel-
fare but the policy is time-inconsistent: once the economy exits the zero lower bound,
the central bank would be better off by setting a higher interest rate than promised
to stabilize current economic outcomes. Related to this observation, Barthélemy and
Mengus (2018) argue that central banks should increase inflation prior to the ZLB to
make forward guidance more credible while Bhattarai, G. B. Eggertsson, and Gafarov
(2023) shows how quantitative easing can serve as a commitment device to keep future
interest rates low. Following Stokey (1991) and Chari and Kehoe (1990), we study for-
ward guidance in a model where central banks cannot commit to future policy, and the
usefulness of forward guidance therefore depends on the extent to which it constitutes
a sustainable plan in the sense that honoring past promises is sequentially optimal.
Similar to Walsh (2018) and Nakata (2018), we exploit the recurrence of ZLB events,

which provides incentives to honor past promises.

Another strand of literature that is relevant to our paper is reputation as pioneered
by Kreps and Wilson (1982) and Milgrom and Roberts (1982). King and Lu (2022)
estimate how the reputation of the FED has evolved assuming that the FED has private
information about its discount factor, and Lu, King, and Pasten (2016) solves for opti-
mal reputation building in a New Keynesian model. Dovis and Kirpalani (2020) study
a model where the government can be of a commitment type or an optimizing type.
The optimizing type chooses policy sequentially which also happens to be the case in

our framework for the myopic type. Contrary to them, we don’t assume that some type
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can perfectly commit, and the subject of study is different as they study how the effect
of fiscal rules depend on the reputation of the government. Loisel (2008) shows how
the inflation bias and the stabilization bias can be overcome by a reputation-concerned
central bank if the punishment length is at least a few years. This can induce the
central bank to implement otherwise time-inconsistent optimal monetary policy in the

NK model.

Finally, our paper is also related to the literature on loose commitment as developed
in Debortoli and Nunes (2010), Debortoli and Lakdawala (2016), and Debortoli, Maih,
and Nunes (2014). These papers assume that the policy maker re-optimizes each period
with some exogenous probability, while in our model the probability that a promise is
kept is endogenous to the promise given. This endogeneity is key to solving the forward

guidance puzzle.

The paper which is most closely related to ours is Nakata (2018), which uses a trig-
ger strategy to sustain the optimal Ramsey plan in the tradition of Chari and Kehoe
(1990). Our main departure from Nakata (2018) is that credibility arises as an equi-
librium outcome of a signaling game with reputation & la Kreps and Wilson (1982)
and Milgrom and Roberts (1982). Consequently, while the effect of forward guidance
is constant in Nakata (2018), it varies over time on the equilibrium path in our model.
This arises as the probability that a promise is kept is an equilibrium object that varies
over time. This probability increases upon promise keeping, which is not the case in

Nakata (2018), and it decreases upon deviations from the promise.

1.3 A Model of Forward Guidance

We consider a plain vanilla New Keynesian model where demand shocks can bring the
economy to the ZLB. Following G. Eggertsson and Woodford (2003) the central bank
engages in forward guidance once the nominal interest rate reaches the lower bound of

zero. We first define this policy with full commitment, and we then re-define it under
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the assumption of limited commitment. Forward guidance under limited commitment is
modeled as a reputational game where the central banker can be of two types: myopic or
forward-looking. Uncertainty about the discount factor captures the idea that forward
guidance is a policy entailing a dynamic trade off and hence valued differently by the
two types of central bankers. One natural way of thinking about these types is that
there is uncertainty about how accommodative the central banker is to pressure from

politicians to stabilize current economic outcomes.

1.3.1 New Keynesian model with a ZLB

We consider a standard New Keynesian model summarized by the New Keynesian
Phillips curve and the IS curve following the text book treatment by Woodford (2003)
and Gali (2015).

Ty = 5Et[77t+1] + Kyt (PC)

Yo = Bi[ye1] — %(Zt — E[m] — 7)) (IS)

where & is the slope of the New Keynesian Phillips curve, i.e. it measures the sensi-
tivity of inflation to the output gap, and 7 is the coefficient of relative risk aversion.
The natural rate of interest (r}') follows a persistent stochastic process with bounded
support. Following the New Keynesian literature, we interpret a change to this rate as

a demand shock.

As is standard in the New Keynesian literature, we need to close the model by making
an assumption about how the interest rate is determined. We assume that monetary

policy is determined by a central banker with the following quadratic loss function
0o o) = K
L({yt}t:O> {ﬂ't}t:o) = Z (St ()‘th + 7Tt2)7 A= 5
t=0

where the notation follows Woodford (2003), except that we allow the central banker
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to have a discount factor ¢ that may differ from that of the representative household.
When § = 3, this loss function represents an approximation to the level of expected
utility of the household under some regularity conditions for an appropriately chosen

weight on the output gap (\).?

We assume that a central banker is only in charge for one period, and that she cannot
commit future central bankers. As the cental banker cannot commit to future policy,

she faces a sequence of static problems and therefore solves the following problem (MP):

min \y; + 77 (MP)
1t,Yt, Tt
subject to
Ty = BEmes1] + Ky (PC)
1 n
Ye = Eilye] — E(Zt — Eq[mea] — 1) (IS)
i >0 (ZLB)

Where we impose that the central bank is constrained to choose a non-negative nominal
interest rate, which gives rise to ZLB events. We notice that the actual discount factor
of the central banker does not enter in the loss minimization problem due to the lack

of commitment.

1.3.2 Forward Guidance with Full Commitment

Once the constraint i; > 0 is binding (i.e. the ZLB is hit), we assume that the central
bank engages in forward guidance with full commitment which we define as a binding
promise on future interest rates. This promise specifies a commitment to keeping the

interest rate at zero for 77'¢ periods.

3. The conditions are that the disturbances are small enough, the outcomes are close enough to the
allocation around which the expansion is taken, and finally that distortions are small enough Woodford
(2003).

22



Definition 1.3.1. Forward guidance with full commitment is an exogenous integer
¢ € N that prescribes the binding duration of a zero nominal interest rate path after

exiting the ZLB.

We thus consider a form of Odyssean forward guidance where the central bank gives
a promise about future policy rates rather than Delphic forward guidance where the
central gives a prediction about future output and inflation. We define the effect of

forward guidance as follows:

Definition 1.3.2. Let yzrp(7, 1) be the level of the output gap at the ZLB under
forward guidance. The impact response of output to forward guidance is IR, (7% o) =

Yze(TFC ") — yzr5(0,r7). Forward guidance is called effective if IR, (7¢,r*) > 0.

Hence, the impact response is the change in output at the ZLB when there is a promise

of keeping the interest at zero for 77¢ periods.

A well-known result emphasized by for instance Del Negro, Giannoni, and Patterson
(2012), Farhi and Werning (2019) and Garcia-Schmidt and Woodford (2019) is that the
response of the output gap grows without bounds in 7. This has become known as
the "forward guidance puzzle." The IS curve illustrates the root of this puzzle. Future
increases in expected output increase one-to-one output today. Hence, any changes in
future interest rates that are believed with probability one can have arbitrarily large

effects on current output.

1.3.3 Reputation and Limited Commitment

We add type-based reputation and limited commitment to the New Keynesian model
with a ZLB. To model type-based reputation, we assume that the central banker may
have a different discount factor than households as the central banker faces a finite
mandate as she is replaced each period while households live forever. In particular,
the discount factor of the central banker is § € {0, 5}. We assume that this discount

factor is private information to the central banker with common prior py € A({0, 5}).
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In words, we imagine that monetary policy is conducted by a central banker who can
be of two types: 1) she can be a myopic one who only cares about consumer welfare
during her mandate, or 2) she can be a forward-looking central banker who cares about
consumer welfare even when she is not in charge. We assume that a mandate lasts for
one period causing the myopic central banker to have a discount factor of zero while

the forward-looking one has a discount factor of 5.

We suppose that the central banker is replaced by someone with the same type as her-
self with probability 1 — ~, while she is replaced by someone with a different type with
probability v < % This gives rise to stochastic and persistent types, which is meant to

capture stability of the central bank as an institution.

Each central banker engages in forward guidance at the ZLB under limited commitment.

We define this as follows:

Definition 1.3.3. Forward guidance with limited commitment is an exogenous integer
7 € N that prescribes a non-binding promised duration of a zero nominal interest rate

path after exiting the ZLB.

Hence, we consider whether some exogenously given 7 can be sustained as an equilib-
rium. The definition of the impact response to forward guidance under full commitment

extends naturally to the case under limited commitment.

As there is limited commitment, the central banker faces the strategic choice of whether
to stick to the promised zero interest rate path or deviate to discretion in any of the 7
periods upon exiting the ZLB. Following Maskin and Tirole (2001), we restrict atten-
tion to stationary Markovian strategies such that the central banker bases her decision

on the following state:

Definition 1.3.4. A state is a triplet (v}, ps, Py) such that:
— 1y € R is the natural interest rate at time t

— M € A({O, 6}) is the private agents’ belief distribution over types at time t
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— P, e P=A{0,1,...,7} is the number of periods for which forward guidance is

honored at calendar time t.

The first dimension is the natural interest rate r;'. The second dimension is the private
sector assessment about the distribution of types, u;, namely reputation. The third
dimension P; is the number of times that a promise has been kept at calendar time t¢.
For instance, P, = 0 means that so far a promise has not been kept at time ¢, while
P, = 3 means that at time ¢, the central bank has kept the promise in period ¢t — 2,
t — 1, and t. The state contains all the payoff relevant variables as inflation and output

gap are pinned down by the natural interest rate, reputation and monetary policy.

For each state of the economy, the central banker needs to decide whether or not

to honor a past promise. Hence, we define strategies as follows:

Definition 1.3.5. Fiz a promise 7. For each calendar period t and type 0, a strategy
o prescribes the probability of transitioning from the promise period P,_1 € P to the

promise period P, = P,_; +1 € P with natural real interest rate r} and reputation fu_;:

0:{0,8} x R x A({0,8}) x P — [0, 1]
(57T17€L7Mt—17pt—1) — IP(Pt|Pt_ 1arf7ﬂt—175)

We only consider pure strategies, so the possible transition probabilities are either zero

or one. Instead, under full commitment o = 1.

All actions are publicly observed, so the private sector will learn about the likelihood
of each possible type, and the central bank perfectly tracks the evolution of agent’s
beliefs. The prior distribution puy € A({O, 6}) is common knowledge. The private
sector is composed of Bayesian agents, such that beliefs after promise keeping evolve

according to:

o0, P) s 0)_ ps
ZS 0(67 T -1, Pt) : ,Mt71<(5)

(8 e, P) =)
5
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where

for 6,0 € {0, 8}, where v < 3.

Whenever there is no promise in place, reputation mechanically evolves following the
transition probabilities, as there is no strategic choice being made by the central banker,

and hence households do not update from policy.

1.3.4 Equilibrium

An equilibrium in our limited commitment-reputation model is to constitute both a
macroeconomic equilibrium, in the sense that the macroeconomic variables are given
by the New Keynesian model, and a strategic equilibrium such that the strategies of the
central bankers together with the private sector’s beliefs constitute a Perfect Bayesian

Equilibrium.

Definition 1.3.6. An equilibrium is a tuple (o, u,y, 7, 1) such that:
— Given (y,m, 1), the pair (o, ) is a Perfect Bayesian Equilibrium:
— Beliefs o are consistent with the strategies o of the central bankers on the
equilibrium path.
— Strategies o of the central bankers are sequentially rational given the beliefs
1.
— Given strategies and beliefs (o, i), output gap y, inflation 7, and nominal interest

rates i satisfy (IS) and (PC).

1.3.5 Computation of the Equilibrium

To solve for the macroeconomic equilibrium, we first notice that for each pair (o, u)

there is a subset Z,, C R such that the ZLB binds if and only if r} € Z,,. At the
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ZLB, output gap and inflation are given by the New Keynesian Phillips curve and the
IS curve, imposing that the nominal interest rate is zero. We report the full set of
equations characterizing the macroeconomic equilibrium in Appendix 1.B. Below we

report the expression for the IS curve at the ZLB.
Z 1 n
yr = Ely] + 5<E[7Tt+1] + )
where expected output gap is given by 4

Blysi] = B |y2u 100 € Zou} +1{ri & Zouh (9B 0 0)] + 0 B (1 = 0(0)] )

/

~~ ~~

(a) (b) ()

The operator E denotes the expectation over 77, given ', E* denotes the expec-
tation with respect to ¢ using distribution u;. Z denotes the zero lower bound, P
denotes promise keeping and D denotes discretion. Hence, y! is output under promise
keeping, and y” is output in discretion. We emphasize that output gap and inflation

depend on the state of the economy but we have suppressed it for the sake of exposition.

To better describe how to calculate the expectation, we decompose expected output
gap into three terms. The term (a) corresponds to output gap whenever the ZLB is
binding again. Terms (b) and (c) refer to a realization of the natural rate of interest
such that the ZLB is not binding. Term (b) is output gap under promise keeping, i.e.
the output gap that prevails if the central bank chooses i;11 = 0, multiplied by the prob-
ability that the central bank keeps its promise, Ef*[c(d)]. For notational convenience,
we have suppressed the dependence of this probability on the state of the economy.
Finally, term (c) is output gap in normal times, which is multiplied by the probability
that the central bank breaks the promise, E{*[1 — o()].

Having explained how to solve for the macroeconomic equilibrium at the ZLB, we

4. Expected inflation can be obtained similarly.
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now explain how to solve for the macroeconomic equilibrium in normal times, i.e. for
any shock ' € Z,,, and P, = 0. As the central bank follows optimal discretion, mone-
tary policy is set to minimize the instantaneous loss function such that the first order

condition reads:

—KTy = Ay

Output gap and inflation are then given by the New Keynesian Phillips curve and the
IS curve. The full system of equations is reported in Appendix 1.B.

Finally, the economy can also be in promise keeping, i.e. it is away from the ZLB
(r} & Z,,) and there is a promise in place (P > 0). The central banker then decides
whether to keep the promise or not for another period as captured by the strategy o.
Finally, the economy can be in the last period of promise keeping out of the ZLB, in
which P, = 7 and no strategic choice is made. This follows as the economy simply
transitions to either discretion or the ZLB depending on the realization of the natural
interest rate. If the economy were to hit the ZLB in the sense that the desired interest
rate is negative, we assume that the central bank renews the promise of length 7. This

helps us gain a recursive structure.
Assumption 1.3.1. If P, >0, and v}, € Z,,,, then P, = 0.

The problem of the central bank given the state of the economy at the ZLB is given by

L(8) = Mu? + (57 + 0B | LE1 (00117 € Zo,)

(a)

+ min {aLf,0)+ (1= )20, (0) J{rian € Zoy}
2€{0,1} el ——_—_—
(0) (c)

The loss at the ZLB depends on the current realization of output and inflation and the
discounted expected future loss. The future expected loss can be decomposed into 3

terms. Term (a) reflects the loss of being at the ZLB, while term (b) reflects the loss of
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promise keeping. Finally, term (c) is the loss from discretion. The problems in normal

times and in promise keeping are carefully described in Appendix 1.B.

The above intertemporal loss function plays an important role once the economy exits
the ZLB, and the central banker decides whether to honor a promise or to break it and
conduct discretionary monetary policy. The trade off she faces is the following: on the
one hand, by keeping the promise, inflation and the output gap are too expansionary
compared to what could have been achieved by setting the interest rate according to
optimal discretion. All else equal, this provides the central banker with an incentive to
renege on her promise. On the other hand, by keeping the promise the central banker
signals its ability to keep promises in future ZLB events. Consequently, the private
sector’s assessment about her type evolves over time as a function of the behavior of

the central banker and the state of the economy.

1.4 Solution to the Forward Guidance Puzzle

A New Keynesian model augmented with limited commitment and reputation does not
suffer from the forward guidance puzzle. While some level of forward guidance at the
ZLB remains useful, we find that an unreasonably expansionary promise cannot be

sustained as an equilibrium strategy.

When the central banker decides whether to keep the promise or conduct optimal dis-
cretionary policy, she faces the following trade off: on the one hand, keeping a promise
causes an excess expansion today. On the other hand, keeping the promise helps the
central bank gain reputation which is useful to stabilize output gap and inflation in

future ZLB events. A first result is the following:

Proposition 1.4.1. There exist A > 0 such that if the weight on output gap \ € [0, \]
the myopic central banker never keeps any promise T > 0. ILe, in any equilibrium we

have o(6 = 0,717, i, Pr) = 0 for any r}', py and P;.
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For a large A > 0, even the myopic central banker may keep her promise as reputa-
tional gains have a direct impact on current economic outcomes. In fact, in this case
it is possible to find values of the parameters such that the myopic central banker will
be willing to keep the promise.® Going forward we assume that ) is small enough such

that the myopic central banker never keeps her promise.

Another result is that there are states of the world where the reputation gains are

not important enough to outweigh the cost of an excess expansion:

Proposition 1.4.2. There exists R < oo such that in any equilibrium, for all ri® > f{,

we, Proand § we have o (0,7}, e, Pr) = 0.

The intuition is that for a very positive demand shock, the expansion that the economy
would undergo with a zero interest rate would be too costly. It would therefore be
preferable to deviate to discretion to mitigate the boom in output gap and inflation. In
fact, while the loss of the central banker is always bounded under optimal discretion for
any realization of the demand shock, the loss goes to infinity as the realization increases

if the interest rate is kept at zero.

We further find that the existence of even a minimal cost of keeping the promise is
enough to ensure the existence of a pooling equilibrium where neither type keeps the

promise:

Proposition 1.4.3. For any promise T, there exist equilibrium strategies o such that

for any o, ri, py and Py, we have that o (6,7}, e, Pr) = 0.

This is due to the fact that pessimistic off-path beliefs render deviations to promise
keeping futile as the reputation channel is muted.

Combined with Proposition 1.4.1, we can therefore restrict attention to semi-separating
equilibria where the forward-looking central banker keeps her promise in some states of

the world only, and the myopic central banker never keeps her promise. There can be

5. However, we find that with our preferred parameterization, the myopic central banker never
keeps her promise.
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no other equilibrium in which forward guidance is effective.

While an excess expansion provides the central banker with a reason to renege on past
promises, the reputation channel can be strong enough to provide her with an adequate
incentive to honor them. To better understand how this channel works, suppose that
the forward-looking central banker keeps her promise in some states of the world. In
that case, the effect of forward guidance increases in the probability that agents assign
to the central banker being of the forward-looking type. This, in turn, provides the cen-
tral banker with a reason to indeed keep the promise. For a strong enough reputation
channel, there exists a semi-separating equilibrium where the forward-looking central
banker keeps her promise in some states of the world. We verify that, with our preferred
parameterization of the model, such an equilibrium indeed exists, i.e. promises are kept
in states of the world where the realization of the demand is sufficiently moderate. We
are now ready to state the main result of the paper: for a too generous promise, the

effect of forward guidance is zero.

Proposition 1.4.4. There exists T € N such that for any variable X, for all T > T,
]Rx(’T) =0.

We thus find that there is a maximum level of forward guidance that is sustainable in
the sense that promises are kept in some states of the world. Any promise with a longer

duration will not be believed and hence it will fail to stabilize economic outcomes at

the ZLB.

Intuitively, the cost of keeping a promise is increasing in its length. A generous promise,
if believed, implies a significant expansion once the economy exists the ZLB. Hence,
agents understand that a promise cannot be kept if it is too generous, and therefore
keeping it does not constitute a strategic equilibrium. The only equilibrium is therefore
pooling where promises are never kept, rendering forward guidance ineffective. From

Proposition 1.4.4, we immediately have the following corollary:
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Corollary 1.4.1. The marginal impact of forward guidance is negative at T = T:
IR, (T+1)—IR,(T) <0

Once a promise goes from being sustainable to unsustainable, the effect of forward guid-
ance drops to zero, and hence the marginal effect of increasing the duration is negative.
This corollary is an example of how our model is different from the literature giving
rise to a "discounted Euler equation" where the marginal effect of forward guidance is

always weakly positive. We further discuss differences with that literature in section 1.6.

We provide a graphical representation of Proposition 1.4.4 and Corollary 1.4.1 in Fig-
ure 1.1. We find that there exist semi-separating equilibria where the forward-looking
central banker keeps her promise for moderate demand shocks for a duration of the

promise being no higher than five periods corresponding to one year and a quarter.

Output response on impact (%) to FG
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Promised length (1)

Figure 1.1 — Mitigation of forward guidance effect for py(8) = 0.6.
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Despite forward guidance being a useful policy tool in the semi-separating equilibrium,
the effect is much mitigated compared to the full commitment case. This happens for
two reasons. First, households realize that the myopic central banker will never keep
her promise. Second, they realize that there are states of the world where it is too

costly for any central banker to keep her promise regardless of her type.

1.5 The Effect of Forward Guidance

For the quantitative exploration of the model, we will assume that the loss function

takes the following form:

L({ye}iZo, {m}ie) =D 0" My — 9)* + 7)., 6€{0,8}

where y > 0 is the targeted output gap. The parameter y captures that there may be
inefficiencies in the economy such that the central seeks to stabilize output at a level
which is higher than the natural one and thereby target a positive output gap. We
include a positive output gap target to counteract the deflationary forces caused by the

ZLB.

We assume that the natural rate of interest follows an AR(1) process:
rg =1 =p)r+pri +c&, & ~N(0,1)

We discretize the AR(1) process by the Tauchen (1986) method where we choose three
values for the shock to the natural interest rate. We choose three to have a realization
such that the ZLB binds, a realization where the forward-looking central banker keeps
the promise, as well as a realization where it is excessively costly for any central banker

to keep the promise. This is sufficient to illustrate the main points of the paper.
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We choose to parameterize the model such that one period corresponds to one quarter.
We calibrate the persistence of the demand shock (p), the variance of the demand shock
(¢?), and the targeted output gap (7), while we choose values that we consider standard
in the New Keynesian literature for the remaining parameters. We display all of the

values in Table 1.1.

Parameter | Value | Description Target
I6; 0.99 | Discount factor 4% annual interest rate
K 0.02 | Slope of Phillips Curve Walsh (2018)
Y 1% | Output gap target Average output gap of zero
n 2.0 | Relative risk aversion McKay, Nakamura, and Steinsson (2016b)
A 0.003 | Weight on output gap Walsh (2018)

o(B) 0.6 | Prior probability of high type | King and Lu (2022)

v 0.03 | Transition probability of types | 8 years mandate
S 0.014 | Standard deviation of & Std. deviation of output gap
p 0.62 | Auto correlation of 7} Auto correlation of inflation
T 1% | Natural real interest rate —log(3)

Table 1.1 — Parameter values

We calibrate the standard deviation of the innovation (¢) such that the model with
no forward guidance matches the standard deviation in US output gap in the period
1987-2018. Similarly, we calibrate the persistence (p) of the demand shock to the auto
correlation of US inflation. We retrieve data from FRED on real GDP in the US over
the period 1987-2018. We obtain a standard deviation of output gap of 1.87, and an
auto correlation of 0.54, at a quarterly level in the period 1987-2018. The implied values
for the standard deviation for the innovation (¢) and for the persistence of the demand

shock (p) are 1.4 and 0.62, respectively.

We choose to calibrate the output target to match a zero average output gap. If we
did not include a positive target for the output gap, the model would predict a too low
average output gap due to the deflationary bias introduced by the ZLB as explained by
G. Eggertsson (2006).

For the remaining parameters, we choose values that we consider standard in the lit-
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erature. First, as we consider a semi annual model, we choose 3, the discount factor
of private agents, to be 0.99, and hence the value of 7, i.e. the natural rate of interest
is equal to —log(3), which corresponds to a steady state interest rate of around 4 %
a year. We choose a value of the slope of the Phillips curve (k) to be 0.02. For the

coefficient of relative risk aversion (7), we choose a value of 2.

1.5.1 Reputation

The existence of a semi-separating equilibrium implies that the effect of forward guid-
ance depends on reputation. The higher the probability agents assign to the central
banker being the forward-looking type, the larger the effect of forward guidance on
output as shown in Figure 1.2. We also report the effect of forward guidance under full

commitment in red for comparison.

Impact response of output (%) to FG

1.25+
1.00
0.75 1
0.50

0.25+

0.00 ¢

=1 =2 =3

Figure 1.2 — Reputation and forward guidance. In red, the effect of forward guidance
under full commitment; in blue, the effect of forward guidance under limited com-
mitment. The darker the blue, the higher the belief p(/), ranging from 0 to 1 with
increments of 0.1.
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From Figure 1.2 we see that for uo(3) = 0, forward guidance is almost futile as a policy
tool as the households expect the current central banker to not keep the promise, and
assign very low probability (v = 0.03) to a change in the type of the central banker.
It is then monotonically increasing in the belief that the central banker is the forward-
looking type. The effect of forward guidance with limited commitment is mitigated
compared to full commitment, even if households believe that the central banker is the
forward-looking type (i.e. po(/5) = 1). This occurs as households realize that (1) there
are realizations of the natural interest rate such that it is too costly to keep the promise
for the forward-looking type, and (2) types are mean-reverting. This mitigation effect
is not very strong for 7 = 1. The intuition is that given that the economy is at the
ZLB, it is considered very likely that the economy will not be in an excessive boom
in the following period. That is, the realization of the demand shock is likely to be
only moderate once the economy exits the ZLB. We see a stronger mitigation effect
for larger values of 7 when we compare limited commitment to full commitment. The
reason is that for higher values of 7, it is more likely that the economy will be hit by a
very positive demand shock in which case even the forward-looking central banker will

have to deviate from her promise rendering forward guidance less credible.

To illustrate the dynamics of the model, we consider a situation where households
initially hold a belief of 0.5 that the central banker is forward-looking, and the economy
is in normal times for the first 4 periods while in period 5 the ZLB hits and the central
banker engages in forward guidance with 7 = 1. For the purpose of illustration, we
assume that the ZLB only binds in period 5. In Figure 1.3, we show how beliefs evolve

depending on whether the central banker keeps her promise or not.
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Reputation evolution (u_t(B))

1.0r
ey opic _
0.8 Forward-looking
0.6
0.4+
0.2¢
00 1 1 1 L 1
0 25 50 75 100

time

Figure 1.3 — Reputation convergence with po(5) = 0.5.

We see that immediately after the promise keeping decision of the central banker, there
is a large change in beliefs. Following this change, beliefs then converge back to the

stationary distribution in the absence of further ZLB periods.

We simulate our model for 100 periods in a path where the type of the central bank
happens to not change with the aim of showing how reputation evolves depending on
the type of the central banker, and how the reputation of the central banker influences
economic outcomes. In particular, we plot the value of inflation and how it evolves

together with reputation in a model with 7 = 3 and p(5) = 0.5.
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Reputation evolution (u_t(B))
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Figure 1.4 — A simulation of reputation and inflation with 7 = 3 and po(8) = 0.5.

We see that having a high reputation is associated to a smaller drop in inflation at the
ZLB. Interestingly, if we consider inflation at the ZLB that hits the economy in periods
60 and 75, respectively, we notice that the drop is mitigated in period 75 for the forward-
looking type (yellow line) while it is exacerbated for the myopic type (purple line). This
happens as the occurrence of a ZLB in the recent past has given agents a good idea of

the type of the central banker.
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1.5.2 Forward guidance and the persistence of the ZLB

We find that the persistence of the demand shock plays an important role in determin-
ing the sustainability of forward guidance as well as its effect on the output gap at the
ZLB. To show that, we vary the autoregressive coefficient (p) while at the same time
adjusting the variance of the innovation ¢2 such that the variance of the natural interest

rate is kept fixed. ®

In Figure 1.5 we show the effect on the output gap at the ZLB of promising a zero
interest rate for a time horizon of 7 periods as a function of the persistence of the
demand shock. We also show the effect of forward guidance with full commitment in

red for comparison.
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Figure 1.5 — Forward guidance and the persistence of the natural rate of interest

6. We perform a similar exercise for the standard deviation of the demand shock, and we report
the results in appendix 1.D.
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We see that there is a non-monotonic relation between the effect of forward guidance
and the persistence of the demand shock for some values of 7 when the central bank
cannot commit, while the effect of forward guidance is smoothly decreasing in the per-

sistence of the demand shock in a model with full commitment.

Intuitively, a higher persistence of the demand shock implies that the economy is less
likely to exit the ZLB in the following period which in turn means that the economy
is less likely to transition to the promise keeping state. This explains why the effect of
forward guidance is decreasing in the persistence of the demand shock with full com-

mitment.

With limited commitment, there is no longer a monotonic relationship between the
persistence of the demand shock and the effect of forward guidance. For a very low
persistence of the shock, we find that a promise of keeping the interest rate at 0 for
one quarter after the economy exits the ZLB has a zero impact on the output gap at
the ZLB. This happens as a low persistence of the demand shock renders the ZLB less
severe due to the fact that the economy is likely to exit in the following period, causing
expectations about future output gap and inflation to be rather expansionary. Due to
the fact that the ZLB is not very severe, the value of having a high reputation, allowing
the central banker to stabilize economic outcomes at the ZLB, is modest. Hence, the
central banker prefers stabilizing economic outcomes once out of the ZLB by deviating

to discretion instead of building reputation.

We see that for a persistence of around 0.51, the effect of forward guidance on out-
put gap jumps from 0 % to 0.25 % when 7 = 1. The reason is that as the persistence
increases, the ZLB gets more severe implying that the central banker faces stronger
incentives to keep her promise to gain reputation. After this jump, the effect of forward
guidance then smoothly declines in the persistence of the demand shock for the same
reasons as under full commitment: the higher the persistence, the less likely that the

economy will transition to the promise keeping state in the following period. We see

40



that eventually the effect of forward guidance drops to zero. This is due to the fact that
for a too high persistence, the promise keeping state gets too expansionary implying

that the central banker will have to deviate from her promise as it is too costly to keep it.

We find that the higher the value of 7, the smaller the set of values of the persis-
tence such that forward guidance can be sustained as an equilibrium strategy. The
intuition is that longer promises are associated to larger expansions implying that the
central banker needs stronger incentives to keep the promise, i.e. a very bad ZLB while
at the same the persistence cannot be too high as the promise keeping state would then

be too expansionary.

1.5.3 Welfare loss

The presence of a ZLB causes a welfare loss as the central bank is unable to stabilize
inflation and output gap through adjustments to the nominal interest rate. Instead,
the central bank is forced to rely on unconventional policy measures such as forward

guidance to stabilize the economy G. Eggertsson and Woodford (2003).

We compute the loss associated to the ZLB by applying the discounted loss function of
the forward-looking central banker which approximates household welfare. Following
Gali (2015), we can interpret this loss as the fraction of steady state consumption up
to an additive constant that the household is willing to give up to avoid fluctuations
in the economy. We find that the loss is 0.003 % of steady state consumption if the
central bank cannot rely on forward guidance. It is not surprising that we do not find
important quantitative welfare losses of the ZLB as we follow the approach by Lucas
(1987), and it is well known that the estimated welfare losses of business cycle fluctua-

tions are very small.

We then report the relative loss at the ZLB for central bank that can conduct for-
ward guidance. We compare a central bank that has only limited commitment to a

central bank of full commitment. The relative losses are reported in Table 1.2.
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Scenario T=1 T=2 T=3 T=4 T=5
Loss with FC | 95.6 % | 95.8 % | 105.4 % | 132.8 % | 191.9 %
Loss with LC | 94.4 % | 888 % | 83.8 % | 80.1 % | 78.7 %

Table 1.2 — Welfare losses relative to ZLB with no FG. Initial belief distribution is
o) = 0.6.

In general, we find that the relative losses are smaller once forward guidance is available
to the central bank. We find that a central bank which is forced to commit to a zero
interest rate should optimally choose a length of 7 = 1. On the contrary, a central
bank that does not have access to a commitment technology should optimally choose a

length of 7 = 5 corresponding to five quarters.

We therefore find that not having access to a commitment technology causes the central
bank to give a longer promise. The intuition is two-fold. First, as agents realize that
the central bank may deviate from its promise, the expansionary effect of a promise at
the ZLB is reduced under limited commitment. Second, as the central bank has not
committed, it can choose to deviate from the given promise in a state where it is very

costly to keep it.

1.6 Relation to Discounted Euler Equation

McKay, Nakamura, and Steinsson (2016a) emphasizes that the highly forward looking
nature of the Euler equation is at the core of the forward guidance puzzle. A large
literature solving the this puzzle can be summarized by the so-called "discounted Euler

equation" which takes the following form:

Yo = QEy[ye] — %(it — Eyfmea] — 1)
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and can be iterated forward to obtain:

o0
X j .
Y= —— Z O E, [Zt+j  Titj+1 — Tfﬂ}
n°=
j
In the standard New Keynesian model {2 = y = 1. The condition {2 < 1 dampens the
effect of future expected interest rates on current economic outcomes which explains
why forward guidance about interest rates in the distant future is mitigated with a

discounted Euler equation compared to the standard model.

However, we find it paradoxical that agents make consumption-savings decisions looking
infinitely into the future while failing to understand the incentives of the central bank
to keep a time-inconsistent promise. The ability of agents to understand the incentives

of the central bank is what we add to the standard model.

The difference between our limited commitment-reputation model and this literature is
that we do not obtain attenuation of forward guidance through discounting of the Euler
equation, i.e. we have 2 = 1. Instead, we obtain attenuation of forward guidance by
assuming that agents understand the incentives of the central bank to keep or renege
on a promise. Hence, our attenuation works through the lack of effect that a promise

has on expectations regarding the future interest rate path.

In Table 1.3, we compare the output gap and inflation that pertain at the ZLB in
the standard model, the discounted Euler equation model, and our model with limited

commitment and reputation.

Model Output gap | Inflation
Standard NK (Q=1.00,x =1.00) | —6.49% —0.33%
Discounted Euler (2 =0.97,x =0.75) | —4.48% —0.18%
LC and reputation (  =1.00,x = 1.00) | —6.49% —0.33%

Table 1.3 — Recession at the ZLB with no forward guidance
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A discounted Euler equation attenuates the fall in output and inflation at the ZLB com-
pared to the standard model as stressed by McKay, Nakamura, and Steinsson (2016a).
Instead, our model with limited commitment and reputation does not impact economic
outcomes at the ZLB in the absence of forward guidance compared to the standard NK
model. This is due to the fact that the discounted Euler literature obtains mitigation

of a ZLB by reducing the front-loading effect of future drops in inflation and output gap.

We show how the economy responds to a promise of keeping the interest rate at 0

for 7 periods in Figure 1.6 in the three different models.

Output response on impact (%) to FG

6 | C
e
5| (essEyler

Promised length (1)

Figure 1.6 — Discounted Euler equation model

Both a model with a discounted Euler equation and our limited commitment-reputation
model provide attenuation of the effect of forward guidance, but an important differ-
ence between the two models is that with the former, the marginal effect of giving a
more generous promise is always weakly positive while in the latter we obtain that the
marginal effect may be negative if the promise induces agents to lose faith in the ability

of the central bank to keep its promise. Hence, central bank communication may be
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more expansionary by giving a humble promise that can be kept compared to a more

expansionary one, which agents expect central banks to renege on.

While an empirical investigation of forward guidance to discriminate between lack of
commitment or behavioral agents is beyond the scope of this paper, we notice that
our paper is consistent with the notion that central banks have only limited influence
on expected interest rates far out in the future. This is consistent with the results in
Campbell et al. (2019) that the FED has limited ability to affect expectations at long

horizons.

1.7 Extension: Forward Guidance and Quantitative
Easing

Bhattarai, G. B. Eggertsson, and Gafarov (2023) show that quantitative easing (an
increase in short run government debt) stimulates the economy by inducing the cen-
tral bank to choose a lower interest rate in the future. They informally discuss how
quantitative easing therefore can serve as a commitment device to forward guidance
and hence work to strengthen the effect of it. We now extend our quantitative model
to study the interaction between forward guidance and government debt in our limited

commitment-reputation model.

We assume that there is a level of government spending at the ZLB that is pure waste
in the sense that it does not affect aggregate demand nor consumer welfare. Whatever
is spent at the ZLB is financed by short term debt that has to be paid back in the

following period.

Bhattarai, G. B. Eggertsson, and Gafarov (2023) microfounds a loss function that
is increasing in the level of taxation as tax payments are associated to a decrease in
welfare due to their distortionary nature. We then follow their approach and assume a

loss function of the following form:
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L({yt}z?i[ﬁ {me 4o, {Tt}?io) = Z &' { Ay =9+ A+ A T

t=0
The term 7" denotes taxes that are raised to repay government debt raised in the previ-
ous period. In particular, T, = (1+4;_1)-G;_1. The model is otherwise identical to the
one described in Section 1.3. We choose the same calibration as in the baseline model,

and we put the weight on taxes Ay = 0.003.

In Table 1.4 we report the interest rate chosen by the central bank at the median
realization of the demand shock in the model with and without government debt but
with no forward guidance. We find that having higher government debt reduces the
interest rate chosen by the central bank when they conduct discretionary policy. This

result replicates the finding of Bhattarai, G. B. Eggertsson, and Gafarov (2023).

Debt level 1y

Gi=0 (baseline model) | 0.66 %
Gy =0.03 (model with debt) | 0.35 %
G, =0 (model with debt) | 0.67 %

Table 1.4 — Interest rates under discretionary policy with no forward guidance.

We find that the interest rate in discretion is 0.66 % in the baseline model where gov-
ernment debt is always zero. We then compute the interest rate in a model where the
government issues debt at the ZLB. The interest rate is lower in discretion (0.35%)
when the government has a positive level of debt. The intuition is that the central
bank tries to minimize the tax payments of the private agents while still taking into
account how the interest rate influences output and inflation. As a consequence of this,
the zero lower bound is less severe in such a model which causes the interest rate to
be higher (0.67%) in discretionary periods with no debt as expectations about future

outcomes are more expansionary.

We then study the consequences of forward guidance in the model with government
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debt. We display in Figure 1.7 the increase in output at the ZLB of promising an

interest rate of zero in the period where the economy exists the ZLB.

Impact response of output (%) to FG

0.15} \

0.10 +
0.05+
| C
LC with debt
0.00 g i . . :
0.50 0.55 0.60 0.65 0.70

Figure 1.7 — Forward guidance with government debt

From the graph, it follows that the effect of forward guidance is muted once there is
government debt. The reason for this is that the presence of government debt reduces
the optimal interest rate of the central bank in discretion. This renders a promise
of low interest rates in the future superfluous as private agents already expect the
central bank to keep rates low. We therefore obtain that short term government debt
and forward guidance are substitute policies whereas Bhattarai, G. B. Eggertsson, and

Gafarov (2023) argue that they are complements.

1.8 Conclusion

We showed how a standard New Keynesian model augmented with limited commit-
ment and type-based reputation bounds the effect of forward guidance. An important

implication of the model is that the marginal effect of the promised horizon becomes
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negative when the promise is judged unsustainable by private agents. We demonstrated
a strong interaction between the persistence of the ZLB, and the sustainability and ef-
fect of forward guidance. We conjecture that our model could be useful for studying

other time inconsistent policies.
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Appendices

1.A Interest Rate under Optimal Discretion

When the central bank is not honoring a promise”, the interest rate is set to minimize the
instantaneous loss function by taking expectations as given. We impose the constraint on the
minimization problem that the interest rate cannot be negative. The interest rate chosen by

the central banker will therefore be
iy = argmin £(yy, 7¢)
subject to

7y = BE[mi1] + Kys
1 .
Y = Bylye1] — ;('Lt — Ey[miq1] —r¢")

1w >0

Using the IS curve and the Phillips curve, we can rewrite the loss function of the central bank

in terms of the nominal interest rate rather than inflation and output gap:

Uy, me) =4 (Et[yt+1] - ;(it — Bi[miga] — ') s BEi[mes1] + £Eifyesa] — ﬂ;(it — By[miy] — 7“?))

We denote by ¢, < 0 the multiplier associated to the constraint i; > 0. The Lagrangian

7. Either because no promise has been given or because the central bank decides to break it.
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associated to the minimization problem of the central bank writes:

2
L, ¢) = <5Et[ﬂt+1] + kB [ye+1] — H;(it — B[] — 7"?))

1. A
+ A <]Et[yt+1} - ;(Zt — Ey[mpqa1] — i) — y)
+ Gy

The first order condition is:

) (ﬂEth + KEfyent] = i~ Bafrenn] - rm) 22 (Et[m - 2~ Bafruat] - rm) — ¢

D=

=T :(yt _y)

K A _
= 2-m+2—(y — ) =G
P p
So that substituting back m; and y; we obtain
N_ P
K7Tt+)\(yt—y)—§<t§0

Whenever the ZLB is binding, the multiplier (; will generically be strictly negative. On the

contrary, whenever the ZLB is slack, the multiplier (; is exactly zero, and the FOC writes:
Ay —9y)+rm =0

The second order condition is:
2" L9 g
p* PP

So that the FOC characterizes the unique global minimum.
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1.B  Equilibrium Description

We describe here in detail how the equilibrium is computed. For fixed strategies o and beliefs
1, output gap, inflation and interest rates must constitute a solution to the New Keynesian
model. The key differences are that interest rates are set to zero whenever a promise is kept,
and that the expectations about future outcomes depend on the private sector assessment

about the type of the central bank and how they behave.

1.B.1 At the ZLB

Whenever the economy is at the ZLB at time ¢, the nominal interest rate is set to zero, i = 0.
An Odyssean promise is given, and therefore the private sector forms an assessment about
how likely it is that the promise will be kept. We have to consider three possibilities:

1. If the ZLB is binding again in the next period, then the promise is renewed. This
corresponds to the event {r' ; € Z, ,}.

2. If the ZLB is not binding at time ¢ 4 1, then each type § of the central bank will
keep the promise with probability o (6,77, 1, u¢, P+ = 1). As the type of the central
bank is private information, the private sector forms an expectation with respect to
0 using the probability measure p;. Thus conditional on exiting the ZLB, ie. r{ &
Zg.u, the expected probability of transitioning to the first promise-keeping period is
E§ [o(0, 771, e, P = 1)].

3. Finally, if the ZLB is not binding at time ¢ + 1, the conditional probability of transi-
tioning to normal times is E§*[1 — (8, ri"y, pue, P = 1)].

Output gap, inflation and interest rates therefore satisfy the following system:
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Z
T - Hriys € Zoy}
7TtZ =B Er?ﬂ + Wﬁ—l ) ]l{r?+1 & Za,u} : Egt [o(9, T?—l—h#tv P, =1)] + ﬁytZ

+ 7TtD+1 iy & Zoy) - ES[1 = 00,71y, e, Py = 1)]

ytZH ~{ri € Zoy}
=By | tuh M € Zog) By lo(Grf ue o= 1))
Y Wity & Zop} - Ef' (L — 0 (8,14, e, P = 1)]
- Wiy € Zoy)
_1 0-— ET’?H + 7#:—1 : ]l{rtn-l-l Z Zop} - ]E?t [o(d, T, Mty Pr = 1)] -

+ 7T£|—1 : 1{7"?+1 ¢ Za,u} : Ef;“[l — (0, T?—l—ln“’tvpt =1)]

For the ease of exposition we have suppressed the dependence on the current shock realization.

A similar omission applies to the remaining cases.

1.B.2 Promise-keeping period with P, < 7

If the economy is away from the ZLB and a promise is to be kept at time ¢, the interest
rate is set to zero, if = (0. In the next period, the ZLB could be binding, so a promise is
renewed and the process starts over. If the economy stays away from the ZLB for one more
period, a transition to the next period of promise keeping occurs with conditional probability
E§*[0(8, 781, e, P+ 1)]. The promise is broken in next period with conditional probability
ES* (1 —o(d,r" s e, P+ 1))

Output gap, inflation and interest rates therefore satisfy the following system:
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mZy Uty € Zoy)
f =B Em F iy Wt & Zogd - EBS [0(8, 1, e, P+ 1)] + Ry

Tty
+ 70 Wrpy & Zoy)t - B[ — 08,741, e, Pr + 1)

z
Y1 - Hriys € Zou}

u = By |y Mt € Zowd 5o (6 i me Pt 1))
i Wi & Zow} - B [L— 0 (8,134, pe, P+ 1)
- Wiy € Zoy}
_; 0— E’ﬁl + 7r151—1 ) l{r?-l-l Z Zou} - ]Egt [o(d, Ty bty Pr + 1)] -y
+ 7T£|—1 iy & Zow) - ES1 — 0 (0,7 e, P+ 1)]
il =0

1.B.3 Last promise-keeping period P =T

If the economy is in the last promise-keeping period the interest rate is i/’ = 0. There are only
two possible cases in the following period: either the ZLB binds, or the ZLB does not bind
and the central bank conducts discretionary policy. Output gap, inflation and interest rates

therefore satisfy the following system:

;

7rtP =p ET?H [Wgrl ' H{T?Jrl € ZU,M} + 7TtZ+1 ' Il{T?Jrl € ZGM}} + Ryf

W = B, [0 10 # Zog) + s - 1rts € Zo)]
1
—= (0= By, |78 - Ui & Zoy} + 7y - Uil € Zou}] = 1)

Tt41
p
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1.B.4 Normal times

Away from the ZLB and with no promise to be kept, the central bank conducts discretionary

policy. Thus, the interest rate is set to satisfy the derived FOC:
—wm = Ay —7)

In the following period, the economy may either hit the ZLB or stay in discretion. Output

gap, inflation and interest rates therefore satisfy the following system:

P = 5Ert"+l |:7T£—1 Uty & Z(0)} + 7TtZ+1 Ui, € Z(U)}} + ryf

uP = By, (0P Lt € 2(0)} + vfs - Lty € Z(0)}]

L/,
(i = B, [ L 2000} iy Ui € 200} - o)

| —r Tl =X —7)

1.B.5 Decisions of the central bank

Once we have computed output gap, inflation and interest rates for fixed (o, u) we need to

verify that the strategies o are optimal.

When the economy is at the ZLB, the strategies o are optimal if they solve the following

Bellman equation:

LE O, 0) = € (yF (17 10, 0), 7 (' i, 0))
2 Ly (6, 7ep1m, g, 1)
min b Ari & ch}
+90 ET?—FI we{01} + (1 - 33) Lt+1(5a T?—i—la Ht41, O)
+ LY (6,771 41, 0) - I{ri'y ) € Zoyi}
That is, the optimal action prescribes whether to transit to either discretion (break the

promise) or promise-keeping. If the economy is in a promise keeping period with P, < T,
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optimal strategies solve:

Lf(& 7’?7 t, Pt) = £(yf(r?, bt Rﬁ)v 7rtP(r11€17 Mt Pt))
‘TLP (5’Tn aMtJrlth + ]-)
min t+140, Tt 41 A & Zo)
+9 ET?+1 zei01} +(1—2) LtD+1(5a 7’?+17 ph+1,0)
+ LE (8,771 g1, 0) - 1{rf'y ) € Zo i}
When the economy is in the last promise-keeping period, no decision is taken taken with

respect to the transition, so the Bellman equation writes:

LtI—)i-l<5a 7'?—&-17 Ht+1, O) : H{T?—i—l ¢ Zcr,u}

Lf(& Ty e, T) = €<yf(7”?,ﬂt77'),ﬂ'tp(7“?,,ut,T)>+5Er?+1 Z . ’
+ Lt+1(57 15 Mt+1, O) : :H-{Tt+1 € Zo‘,u}

Finally, if the economy is in discretion, no strategic decision is made, so the Bellman equation

1s:

Lt[—)i-l (57 T?—&-lv Mt41, 0) : ]l{r?—i—l ¢ Za,u}

LtD(5, ri, pe, 0) = E(ytD(rf,,ut,0),7rtD(rt",ut,O)>—|—5]E Z ) .
+ Lt+1(67 Tey1 Ht+1, 0) ’ :ﬂ.{?"t+1 S ZU,M}

n
T4l
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1.C Proofs

Proof of Proposition 1.4.1. The myopic central banker only compares the static loss \y? + 7.

If she breaks her promise, output and inflation are given by:

Tp = BTH + KYz

0= Ayp + kmp

Where (7%,,y%) are inflation and output expectations when the central banker breaks the
promise (they are fixed once the promise is broken). The IS curve is irrelevant, because the
shock is absorbed by the nominal interest rate (and this can be done as we assume the ZLB

is not binding). Solving for CB’s FOC and Phillips Curve:

D =Th BA
A+ K2
L
YD = TTDN T2
The static loss is:
tp =My +7h = 22 (my)?
A2 P

The loss decreases to zero as A — 0. The nominal interest rate should be positive:

. K
zD:T+7rf)+pyeD+)\'OfI{27rf)>0

If she keeps her promise, output and inflation are given by:

1
yzzy%—;(o—r—ﬂ%)

Tz = By + Kyz

Where (7%,y%) are inflation and output expectations when the central banker keeps the
promise. Solving:

T, T
yz =Yg+ 2+ -
PP

K K
Tz :BTI'BZ—FHy%-F;ﬂ'%-F;T
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So the loss is: )

2
w5, T K K
EZ:/\(yEZerZer) +<Bw%+/€y%+pw%+pr>

This loss does not vanish for A\ — 0:
2
lim ¢y = | Bry + kyS + Ere + E,
i Z 2zt Mt
which is generically positive.

Finally, the map ¢p(\) — £z() is continuous in A, so £p(0) < ¢z(0) guarantees that there
exists some A* > 0 such that /p(X) < £z(A) for all X € [0, ¥). O

Proof of Proposition 1.4.2.
A central banker with type § will not keep her promise if

Uyl ) + OB [L({yi} e AmidZean)] < Ly me) + OEF [L({yi} 2, i 21

where x denotes the probability distribution over paths of inflation and output gap if the

promise is not kept, while ¥ denotes the probability distribution when the promise is kept.

It is easy to verify that the left-hand side is bounded while the right-hand side grows un-
boundedly in r{* for ¢; = 0. Hence, there is a value of r* such that even the patient central

banker will have to deviate from her promise. O

Proof of Proposition 1.4.3.

Given the pooling strategies and the off-path beliefs, the private sector assigns probability zero
to promises being kept. Thus, promise-keeping induces no change in expected output gap and
inflation, implying that there are no gains from deviating. O

To prove Proposition 1.4.2, we use the following lemma:

Lemma 1.C.1. The loss is bounded if the central bank conducts optimal discretionary policy.

Proof of Lemma 1.C.1.
Losses are bounded for negative shock realizations, as they are assumed to be bounded. More-

over, the central bank can always set ¢ = r} whenever the natural rate of interest is positive.
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This bounds from above the values of output gap and inflation for fixed expectations. Fur-
thermore, this policy being infinitely repeated whenever possible bounds expectations from

above as well. The instantaneous loss is thus:

l (]Et [yes1] + ;Et [me41], <B - /;> Eq[mi1] + kE; [yt+1]>

Which is bounded as all the terms are bounded. O

Proof of Proposition 1.4.4.

A benevolent central banker (§ = 3) will not keep her promise if

UyP,m0) + BEY [L({yi} e {mitii)] < Oy w5+ 5E§ [L({yi} e {mit )]

where x denotes the probability distribution over paths of inflation and output gap if the
promise is not kept, while ¥ denotes the probability distribution when the promise is kept.
We notice that the LHS is independent of the promised length 7. As the RHS increases
without bounds in the promised length of zero interest rates, a too generous promised cannot

be sustained. O

Proof of Corollary 1.4.1.
Follows from Proposition 1.4.4. O
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1.D Forward guidance and the variance of the de-

mand shock

We vary the standard deviation (g) of the innovation & to assess its effect on credibility and

power of forward guidance.

In Figure 1.8 we show the effect on the output gap at the ZLB of promising a zero interest rate
for a time horizon of 7 = 1 periods as a function of the standard deviation of the innovation
to the demand shock. We also show the effect of forward guidance with full commitment in

red for comparison.
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Figure 1.8 — Forward guidance and the standard deviation of the innovation to the
demand shock

We see that there is a range of values for the standard deviation ¢ for which FG can be sus-
tained in equilibrium. In particular, we notice that for a standard deviation of less than 0.007,

forward guidance cannot be sustained in equilibrium, as well as for a standard deviation of

more than 0.023.
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Conditional on being sustainable, we find that the higher the standard deviation, the smaller
the effect of FG. This occurs as we consider promises of keeping the rate at zero, and interest
rates are already low for high levels of the standard deviation, as can be seen from Figure 1.9.

Thus, the promise is less expansionary by construction.

Interest rate at medium shock realisation
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Figure 1.9 — Nominal interest rates with medium realizations of the demand shock.
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Chapter 2

The Distributional Consequences of

Property Taxes

Chenchen Huang! & Emil Mortensen 2
Abstract

We document three stylized facts: 1) the expenditure share of housing is decreasing
in income, 2) the portfolio share of housing is inversely u-shaped in wealth, and 3)
conditional on home ownership the portfolio share of housing is decreasing in wealth.
Motivated by these stylized facts we propose a model where households have non-
homothetic preferences over housing and non-durable consumption. We use our model
to study the distributional consequences of a property value tax. We find that a higher
property value tax increases wealth inequality while reducing consumption inequality.
While this may appear puzzling at first, it is due to the fact higher property taxes
discourage future home ownership for wealth-poor households, and they respond by

reducing savings and increasing consumption of non-durables.
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2.1 Introduction

Housing occupies a unique position in household portfolios: it serves both as a consump-
tion good and a store of wealth. Poor households tend to rent with a homeownership
rate of only around 15 % for the three lowest wealth deciles, but housing is the most
prominent asset in the portfolio of the middle class having a portfolio share of more
than 50 %, while richer households tend to hold other forms of wealth with a portfolio
share of housing less than 50 %. In addition to being an important part of households’
portfolio, housing wealth is also a prominent source of income for governments, and
in particular local governments, given that property is immobile and difficult to avoid
Norregaard (2013). In the United States, whilst over 10% of overall tax revenue is
generated from property tax revenues,® property taxes account for 72% of local gov-

ernment tax revenues. 4

Property taxes are often considered a progressive form of taxation based on two premises.
First, renters are less likely to be affected than homeowners owing to the potential for
imperfect pass-through. Second, the home-ownership rate increases with wealth. In
this paper, we revisit the implications of a property value tax on the distribution of
wealth and household welfare. In particular, we ask the following question: are property
taxes effective at redistribution? In the context of rising wealth inequality and grow-
ing concerns about housing affordability, understanding the distributional and welfare
effects of property taxation is critical for designing an equitable and efficient property

taxation system.

In this paper, we first want to characterize the role of housing in the wealth distribution
in order to capture how changes in property taxes affect households at different wealth
deciles. We investigate the distribution of housing in total wealth in the US using micro

data from the Survey of Consumer Finances (SCF) and the American Housing Survey

3. https://taxfoundation.org/data/all/federal /us-tax-revenue-by-tax-type/
4. https://taxfoundation.org/research/all/state/local-tax-revenue-local-sales-taxes-local-income-
taxes/
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(AHS). The SCF provides us with detailed information on wealth, including housing
wealth, while it is less informative on housing costs. Instead, we rely on the AHS for
information on housing costs. We document three empirical patterns: (1) the share of
income spent on housing declines with income; (2) the share of housing in total assets
is inversely U-shaped with respect to wealth, and (3) conditional on homeownership

the portfolio share of housing is decreasing in wealth.

Motivated by these patterns, we develop a heterogeneous agents model with idiosyn-
cratic income risk such that our model features a distribution over net worth, which will
allow us to study the welfare implications for agents located at different wealth deciles.
We model housing as a discrete choice over different housing sizes, where there are
significant transaction costs associated with trading houses, and to purchase a house,
agents face a down payment requirement. Agents are allowed to rent if they choose
not to own housing. A key feature of our model in contrast to much of the existing
literature is that we assume preferences over housing and non-durable consumption are
non-homothetic. In particular, we let housing be a necessity good, i.e. the income elas-
ticity of housing is less than one, to align with our empirical findings. Age is another
important variable that can determine whether to own or rent. To capture this, we
model the life-cycle in our model, but we choose to do this by modeling aging stochasti-
cally which allows us to reduce the dimensionality of the state space while still allowing
the expected income to grow over time. The model features a government that levies
a proportional property value tax of one percent on owner-occupied housing. We then
shock this tax level to study how it affects households across the wealth distribution.
We choose to calibrate the model to match the aforementioned empirical facts on hous-

ing and the wealth distribution as well as possible.

We then use our model to study the effect of increasing property taxes. We increase
it from 1 percent in the baseline model to 2 and 3 percent, respectively. We find that
increasing the property tax rate leads to higher wealth inequality, while consumption of

non-durables becomes more equitable. While it may appear puzzling at first that prop-
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erty taxes have a different sign effect on wealth and consumption inequality, it is due to
the fact that many households in the middle of the wealth distribution choose to become
renters rather than home owners in response to increasing taxes. This, in turn, reduces
the incentive to save for homeownership for wealth poor households. Rather than saving

for homeownership, they choose to increase the consumption level of non-durable goods.

We further study how the effect of a property tax increase depends on our preference
assumption. We find that when preferences are homothetic, the sign of the effect on
consumption inequality is reversed such that higher property taxes increase consump-
tion inequality, but on the other hand, the effect on wealth inequality is muted. This
indicates that the role of homothetic preferences is crucial in determining the distribu-

tional impacts of tax changes.

We also investigate the role of tax pass-through onto rents. If increases in property
taxes raise rents, the budgets of low-income renters are affected as well as those of
homeowners. For all of the results so far, we have assumed that there is perfect pass-
through of property taxes on rents. To check the importance of this assumption, we
fix rents to the level in the baseline scenario, and thereby assume that all of the tax
incidence falls on landlords rather than renters. This assumption turns out to matter in
important quantitative ways. The drop in the homeownership rate when the property
tax is increased from 1 to 3 percent is 7 percentage points higher when rents are fixed.
This is due to a substitution effect whereby renting becomes cheaper than owning.
While increasing property taxes still increases wealth inequality when rents are fixed,
this change also reduces consumption inequality significantly more compared to when

tax increases are passed through to renters.

The paper is organized as follows. Section 2.2 relates our paper to the existing literature.
Section 2.3 introduces the data that we use, and some empirical evidence. Section 2.4
introduces the model. Section 2.5 presents our calibration and the solution method we

apply to solve the model. Section 2.6 discusses our results. Section 2.7 concludes.
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2.2 Related Literature

This paper contributes to three different strands of literature: 1) a vast and rapidly
growing literature in macroeconomics that explicitly models housing, 2) the optimal
portfolio allocation of households with respect to housing, and 3) we relate to the lit-

erature on optimal taxation.

Most papers in the early macroeconomics literature tended to not explicitly include
housing. In fact, housing was barely mentioned in the first Handbook of Macroeconomics
of 1999 according to Piazzesi and Schneider (2016). This has drastically changed, and
there is now a large and growing literature on this subject. For an excellent review,
see Piazzesi and Schneider (2016). Papers in macro and housing differ in terms of how

they model i) the housing market, ii) preferences, and iii) the life cycle.

Regarding i) the housing market, many papers now build on Aiyagari (1994) by aug-
menting this type of model with a discrete choice over housing. Some papers assume
no rental markets such as Favilukis, Ludvigson, and Van Nieuwerburgh (2017), while
other papers assume the presence of both rental and owner-occupied housing such as
Kaplan, Mitman, and Violante (2020), Sommer, Sullivan, and Verbrugge (2013), Bon-
temps, Cherbonnier, and Magnac (2023), and Sommer and Sullivan (2018). In terms of
modeling the housing market, our paper is most closely related to Kaplan, Mitman, and
Violante (2020) as we follow them in assuming that equilibrium rents are determined
by a user-cost formula derived from a no-arbitrage condition. While Kaplan, Mitman,
and Violante (2020) allow for renting units of multiple sizes, we only allow for renting

a small house.

Related to ii) preferences, our paper is close to Cioffi (2021), who documents that
the expenditure share of housing is decreasing in income, and then studies the role of
non-homothetic preferences in shaping wealth inequality. Our question of interest is

different, and we further contribute to the paper by showing how housing’s share of
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total assets is inversely U-shaped in wealth. These findings are central to our argument
that taxing housing wealth may unintentionally worsen inequality. The vast majority

of the other papers in the housing literature assume homothetic preferences.

In terms of iii) the life cycle, we choose to model age stochastically following Sommer
and Sullivan (2018), while there is a large literature that incorporates a proper life-cycle
profile by augmenting the state space with aging. Some prominent papers are lacoviello
and Pavan (2013), which study a life-cycle model of housing to better understand the
cyclical properties of mortgage debt, and Halket and Vasudev (2014), which develops
a life-cycle model to study the importance of financial constraints for homeownership

rates.

We also contribute to the literature that has the portfolio allocation of households at
the heart of the problem they study. One important paper in this literature is Flavin
and Yamashita (2002), which stresses how housing is the single most important asset
for most home owners. Another example is Bacher (2023), which shows the importance
of marital status for housing choices. Compared to her paper, we show that once wealth
and income are conditioned on, the impact of marital status is significantly reduced.
We follow her assumption of a fully elastic housing supply curve, which simplifies the
computation of the equilibrium as the housing price is unresponsive to demand con-
ditions. Fischer and Khorunzhina (2019) study the optimal choice of housing in the
context of divorce risk. In our paper, we do not allow for such family shocks, which
is similar to Halket and Vasudev (2014) that studies the importance of financial con-
straints to homeownership over the life cycle. While family shocks may be important
for understanding the behavior of households’ housing decisions over the life cycle, as
documented by Fisher and Gervais (2011), we consider wealth dynamics alone to be

able to capture the distributional consequences of property taxes.

Our work connects to the literature on optimal taxation, particularly taxation of capi-

tal and wealth. Classical results such as Chamley (1986) and Judd (1985) suggest that
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capital taxation is inefficient in the long run. However, more recent work by Straub
and Werning (2020) revisits these conclusions. Another important insight is the uni-
form taxation principle by Atkinson and Stiglitz (1976) that states that access to fully
non-linear income taxes would be sufficient, and we therefore do not need to rely on
commodity taxes, such as taxation of housing services. Other papers have studied the
importance of non-homothetic preferences for optimal taxation such as Christiansen

(1984).

Finally, the paper which is most closely related to ours is Sommer and Sullivan (2018),
as we both consider a model with stochastic aging following Heathcote (2005), and
we study the impact of taxation. Yet, there are some key differences. Sommer and
Sullivan (2018) model preferences as being homothetic over housing and non-durable
consumption, while we assume that preferences are non-homothetic, which is a key
distinction from their paper. Further, we model the rent price as being determined by
a no-arbitrage condition while they explicitly solve for an equilibrium rent price under
the assumption that all house sizes can either be owned or rented. Another important
difference is that we do not allow households to downsize their housing consumption
without selling their home, while Sommer and Sullivan (2018) allow for this through
renting out parts of their housing stock. We further introduce a taste shock to housing
which is not present in Sommer and Sullivan (2018), that allows us to capture idiosyn-
cratic variation in households’ housing choices and therefore better match the observed
heterogeneity in ownership rates. In our work, we consider the role of property taxes
in general, whilst Sommer and Sullivan (2018) focuses on the role of the mortgage
interest deduction. Sommer and Sullivan (2018) find that removing the mortgage in-
terest tax deduction for owner-occupiers leads to an increase in homeownership, which
is generated as in their model, house prices fall in equilibrium leading to substitution
towards homeownership and away from the rental sector. By comparison, our model
considers an increase in property taxes in general, rather than an increase only on

owner-occupiers.
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2.3 Empirical Evidence

In this section, we first introduce the data that we use for this paper and then move on

to present some facts regarding the role of housing across the wealth distribution.

2.3.1 Data

To study the impact that property taxes have on inequality, we need to properly capture
the importance of housing in the portfolio over the wealth distribution. For instance,
it is important to correctly capture the fact that people in the lower end of the distri-
bution tend to rent, and therefore are only affected by property taxes insofar as they
influence rents. Further, we must look at the expenditure share of housing over the
income distribution as this will be important for understanding how increased property

taxes will affect consumption inequality.

In order to look into these facts, we need rich micro data on households’ portfolio
and wealth, and we need data on housing costs. For wealth data, we use the SCF as
this specifically makes an effort to include wealthy individuals that are often under-
represented in survey data. Dettling et al. (2015) find that SCF estimates align closely
with macroeconomic benchmarks, providing reliable measures of household wealth and
income aggregates. One drawback of the SCF is that it does not contain detailed data
on housing costs. We overcome this deficiency by using the American Housing Survey.
It contains rich data on housing costs and income while lacking wealth data. For the
purpose of this project, we thus choose to work with both data sources as they allow
us to capture the portfolio share of housing over the wealth distribution as well as the
expenditure share of housing over the income distribution. Below, we describe briefly

the data sources as well as the samples used in this paper.

The Survey of Consumer Finances

The Survey of Consumer Finances (SCF) is a cross-sectional dataset that collects data

on the financial status, income, wealth, and demographic characteristics of U.S. house-
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holds. It includes information on a wide range of financial topics such as assets (e.g.,
housing, retirement savings, and directly held stocks etc), liabilities (e.g., mortgage
debt, credit card debt etc.), and income. The survey is conducted by the Federal Re-

serve Board every three years. We work with the most recent survey from 2022 in this

paper.

Sample restrictions: We focus on households with heads that are in the age-interval
25-65, and have positive labor income. We choose to not include retirees as their hous-
ing decisions may be primarily driven by bequest motives as well as widowhood, which
we do not model to keep the model simple. We further only consider households that
have positive net worth as we follow Aiyagari (1994) in assuming a borrowing constraint
for the safe asset which we set to zero implying that no households have negative net

worth in our model.

The sample restrictions are inconsequential for the main results. In appendix 2.A, we
reproduce the same graphs using respectively our chosen sample and the full sample of
the SCF. As is clear from the appendix, the results are very similar.

For the purpose of this project, we define income as the sum of labor income received
by all household members to have a direct mapping from productivity in the model
which determines labor income to the income measured in the data. For net worth, we

follow the definition of the SCF °.

In Table 2.1 below we present descriptive statistics for the final sample that we use.

5. For an overview of the included variables, the reader is referred to the flow chart provided by
the SCF which we report in appendix A.
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Mean SD Min Max N

age 46.41 11.62 25.00 65.00 14,784
homeowner 0.69 0.46 0.00 1.00 14,784
income 162,734.66  657,161.03 0.00 272,649,198.40 14,784
networth 959,565.66  5982839.50 0.00  1529792000.00 14,784
houses 330,762.53  542,098.31 0.00 63,160,000.00 14,784
asset 1118347.34 6094618.62 0.00  1542822000.00 14,784
portfolio share of housing 0.44 0.35 0.00 1.00 14,700

Table 2.1 — Summary Statistics SCF

One interesting feature of our summary statistics is the importance of housing. We
notice that almost 70 percent of all American households are home owners. Further,
the value of housing is more than half of net worth, and not far from half of total assets
making housing a crucial asset in the portfolio of most households. Property taxes must
therefore be expected to have important consequences for the wealth distribution. We
further find that, on average, the stock of housing is around twice the yearly income of
households. This implies that the monthly cost of housing, as determined for instance
by property taxes, are potentially important components of the household budget and

can therefore have substantial effects on household consumption.

The American Housing Survey

The American Housing Survey (AHS), sponsored by the Department of Housing and
Urban Development (HUD), is conducted by the U.S. Census Bureau. It provides infor-
mation on the size, composition, and quality of US housing. The AHS is a longitudinal
housing unit survey conducted biennially in odd-numbered years. We will be using the

6

survey wave in 2023 for the purposes of this paper®. It provides information on the

costs of financing and maintaining homes, and the characteristics of people who live in

6. Ideally, we would have liked to choose the same year for the AHS and SCF, but as the AHS
are only available biannually and the SCF tri-annually, we would have needed to choose 2019. Rather
than going further back in time, we opted for the more recent data.
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these homes, which is especially useful for this project.

Sample restrictions: to be consistent with the Survey of Consumer Finances, we

focus on households with heads that are in the age-interval 25-65. We further restrict

the sample to housing units that are currently occupied.

For housing costs we simply follow the definition used by the American Housing Sur-

vey. That implies that housing costs are defined as the sum of the following variables:

mortgage expenses, rent, utilities, property taxes, insurance, homeowners association

fees, lot rent, and routine maintenance costs. For income, we use the sum of all types

of pre-tax income for all household members age 16 and over.

In Table 2.2 below, we report some summary statistics for the final sample that we use.

Mean SD Min Max N
Age 46.42 11.52 25.00 65.00 29,433
Housing expenditures 23,489.01  18,930.58 0.00 776,652.00 29,433
Housing expenditures, owner 26,826.08  21,320.32 0.00 776,652.00 17,194
Housing expenditures, renter 19,233.03  13,545.45  120.00 176,448.00 11,916
Income 133,779.49 164,505.31 3,000.00 6,445,000.00 29,433
Housing costs to income 0.26 0.18 0.00 1.00 29,433
Housing costs to income, owner 0.22 0.16 0.00 1.00 17,194
Housing costs to income, renter 0.33 0.19 0.00 1.00 11,916

Table 2.2 — Summary Statistics AHS

We see from Table 2.2 that housing indeed is important for the household budget.

About 25 percent of income is spend on housing expenditures on average. As we shall

later see, this varies a lot across the income distribution.
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2.3.2 Housing and the Wealth Distribution

In this section we present motivating evidence for the model. First, we find that hous-
ing expenditure as a share of income is decreasing in income. Second, we find that the
home ownership rate is increasing in wealth. Third, we find that there is an inverse

u-shaped relationship for housing as a share of assets, as wealth increases.
Expenditure share of Housing decreases w/ income. Using the AHS, we calcu-

late the share of housing expenditures to income, and we present the average share for

each income decile in Figure 2.1.

Expenditure Share of Housing

1 2 3 4 5 6 7 8 9 10
Income decile

Source: AHS

Figure 2.1 — Expenditure share

As we find that the expenditure share is decreasing in income we will follow Cioffi

(2021), and model housing as a necessity good by using a utility function that allows
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for preferences to be non-homothetic over housing and non-durable consumption.

Home ownership is S-shaped in Wealth. Using the SCF, we calculate the average
home-ownership rate for each wealth decile. We show these results in Figure 2.2. The
home ownership rate stays close to 0 for lower wealth deciles, and then sharply rises
around wealth decile 3. For households in the 5th wealth decile and above the home
ownership rate stays at about 0.9. Hence, looking at the extensive margin we find that
higher wealth is associated with an increase in the propensity to own a house rather

than to rent.

Home ownership in the US

1 2 3 4 5 6 7 8 9 10
Wealth decile

Source: SCF

Figure 2.2 — Home ownership rate

As individuals’ wealth decile may be confounded with other factors that affect home
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ownership, we regress the home ownership rate on wealth decile while controlling for
other potentially important factors. Specifically, we estimate equation 2.1 by OLS,
where we include controls for marital status, age of the head, income decile, race, and
education. On account of the non-linear relationship between wealth decile and home
ownership that is evident from Figure 2.2, we choose to include a dummy variable for
wealth decile rather than estimating a linear regression. As we include a constant, we

omit wealth decile 1.

10
HO; = By + Z a; - wealth decile;; + X;8 + ¢ (2.1)

=2
We show the full results with the estimated coeflicients and standard errors for all of the
variables in Table 2.9 in Appendix 2.C. In Figure 2.3, we plot the estimated coefficients
for the different wealth deciles.
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Figure 2.3 — Effect of Wealth Decile on Home Ownership

We find that the wealth decile strongly correlates with homeownership rate even after

adding control variables.
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We notice that the S-shape is preserved. There is a large increase in the probability of
home ownership for lower wealth deciles, while the effect stays fairly constant around

wealth decile 5, though slightly increasing.

Housing is inversely u-shaped. Also using the SCF, we compute housing wealth
as a share of households’ assets. We find that there is an inverse u-shaped relationship
between the portfolio share of housing and wealth. Hence, while on the extensive
margin there is a positive correlation between homeownership and wealth, we find that
the intensive margin shows a different pattern. We present the average housing wealth
share of assets for each wealth decile in Figure 2.4, which shows this inverse u-shape

relationship.

Housing to assets

1 2 3 4 5 6 7 8 9 10
Wealth decile

Source: SCF

Figure 2.4 — Portfolio allocation

The reason for this inverse u-shaped relation is that despite the fact that the home
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ownership rate is increasing in wealth decile, households invest proportionally less in
housing relative to other assets conditional on home ownership as illustrated in Figure
2.5 where we compute the average housing wealth as a share of households’ net worth,

conditional on home ownership, for each wealth decile.

Housing to assets

1 2 3 4 5 6 7 8 9 10
Wealth decile

Source: SCF

Figure 2.5 — Portfolio allocation

We further estimate the following linear regression model of the portfolio share of hous-

ing (housing to assets = HtA) for the subsample of homeowners

HtA = « - wealth decile; + X5 + ¢; (2.2)

We report the results in Table 2.10 in Appendix B where we confirm the decreasing

relationship between the portfolio share of housing and the wealth decile of individuals.
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Taking stocks: we have documented three important facts that are relevant for assessing
the distributional impact of property taxes on inequality. First, we have shown how
the expenditure share of housing is decreasing over the income distribution. Second, we
have found that while home ownership is increasing in wealth share, the portfolio share
of housing is inversely U-shaped. Third, we find that this is driven by the fact that
conditional on home ownership, higher wealth individuals allocate a smaller share of
their portfolio to housing. We therefore aim to lay out a model that is able to replicate
these key facts, and then use the model to study the distributional consequences of

property taxes.

2.4 Model

In this section, we lay out the model that we will use for studying the distributional
effects of property taxation. We study an Aiyagari-style model augmented with a
housing sector, where households have non-homothetic preferences over housing and
non-durable consumption. This framework allows us to match the empirical pattern of
a declining share of housing expenditures as income increases. To keep the model simple,
we model mortgage debt as an interest-only loan. Households are not permitted to act
as landlords. Instead, a separate rental sector supplies fully elastically small apartment

units, each smaller than the minimum size of an owner-occupied house.

2.4.1 Demographics and Income

We suppose that households are born as renters with zero wealth and housing. Upon
death all remaining assets are taxed at 100 %, and the proceeds are used to finance

wasteful government spending that does not affect the utility of households.

We follow Sommer and Sullivan (2018) in that we consider an overlapping generations
economy with stochastic aging. It allows the expected household income to rise over
time, without the need to keep track of the household’s age as a state variable. House-

holds transition between discrete labor income levels over time due to two mutually
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exclusive stochastic events: (i) aging and (ii) productivity shocks:

(00w 0 o] [1t=x. 0 0 o0 ]
0 0 0 00
M= + P (2.3)
0 0 0 ysa 0O 0 0 0
s 000 0| |0 0 01—y

The first part of the II matrix denotes the probability of aging which is associated with
an increase in income except for the people with the highest productivity that dies, and
are then reborn as poor renters with no savings. In this equation, the aging shock is
given by x; = 1/(p; L) where p; is the fraction of the population with productivity w, and
L is equal to the expected lifetime. The second part of the II matrix is the probability
that the worker transitions to a different income level due to an idiosyncratic income

shock just as in baseline Aiyagari (1994) model.

2.4.2 Households

One important take-away from the empirical section is that housing is a necessity good.
To capture this in the model, we follow Cioffi (2021) and introduce a non-homothetic
utility function over housing and non-durable consumption. In particular, we suppose

that the preferences take the following form:

u(c, s)'7

U =
1 _ 6_1 ee—1 ep—1 e;}ll
u(c, s) = (ozl _E}ilc < +(1—a)s = )

C

where s is shelter service, and ¢ is non-durable consumption. « captures the relative
preference for housing services relative to non-durable consumption, and o is the co-
efficient of relative risk aversion. €., €, govern the income elasticity of consumption

and housing. When €., ¢, — 0, u(c, s) forms a Cobb-Douglas specification as used in
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Sommer and Sullivan (2018):

(Caslfa)lfo

Ue,s) =
(¢, s) o
When €, = €, the utility function reduces to a constant elasticity of substitution (CES)
specification. Motivated by our empirical findings in Section 2.3, we observe that as
income increases, housing expenditures as a share of income decrease. This motivates
us to consider specifications of utility where €, # €., where as income increases, housing

expenditures increase at a slower rate relative to non-housing consumption. Housing is

therefore more of a necessity good relative to non-housing consumption.

Households can choose to rent or own a house to enjoy shelter services, which are differ-
entiated by size. Households can either choose to own a house of size h € {hy, ..., hi},
or choose to rent a small apartment of size h < h;. Each unit of housing provides
an equivalent unit of shelter services s. This implies that the apartments available for
renting is smaller than the ones available for purchase as found by Halket, Nesheim,
and Oswald (2020). We follow Kaplan, Mitman, and Violante (2020) and assume that
markets for rental and owner-occupied housing are both frictionless and competitive,

meaning that buying and selling does not take time and the law of one price holds.

Costs associated with owner-occupied housing are determined as follows.When buying
a house there is a per unit price of housing denoted by ¢q. We suppose that the house-
hold gets an interest only loan to finance a fraction (1 — ) of the house purchase with
a mortgage rate with a wedge of ¢+ over the risk free rate. The household must put a
down payment of fgh’, which creates an incentive to save for households that want to
either become homeowners or up-size. Owner-occupied houses carry a per-period main-
tenance and tax cost of dgh’ and tqh'. Maintenance fully offsets physical depreciation

of the dwelling.

When a household sells its home, it incurs a transaction cost 7°¢h that is linear in the
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house value. Likewise, when a household buys a home, it incurs a transaction cost of

7°qh’. As such, the transaction costs can be described as follows:
D(h, b)) = 1{h # W }(rPqh' + T5qh)

Households that choose to rent rather than own a home simply pay a per-unit price of
renting equal to p.

Summarizing, the household description we have that households enter each period with
an amount of housing h € {0, hy, ..., hi }, assets a, and observe their idiosyncratic wage
shock w. Households also observe the extreme-value type-1 preference shock e(h’) for
housing types in the next period, which is unobserved by the econometrician. Given
prices ¢, p, they solve the following dynamic problem:

V(a,h,w) =maxUl(c,s) +e(h') + BE[V (d', M, w')]

A
h',a

subject to:

c+a +0qh —h)+T(hh)+p(s—h)<w+1+r)a—({t+d+ (1 —0)(r+1))gh'

(2.4)
a >0 (2.5)
h' if A >0
5= (2.6)
h ifh =0

We assume that housing A’ in each period provides an equivalent unit of housing ser-
vices s = b’ if the household owns a positive amount of housing, i.e. are homeowners. If
households do not own any housing, they pay a rental cost p per unit of shelter service
that they rent. Households also pay a transaction cost I' to adjust their housing stock,
a maintenance cost 0, and pay property taxes of ¢ on the current value of their choice

of property h/'.
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The household faces the following Euler equation for consumption:

U(crs) = A1+ 1) B, | P

At first glance, this Euler equation seems standard as it states that the marginal loss
of savings (reduced current consumption), must be equal to the marginal gain of sav-
ings (higher future consumption.) One important thing to notice, however, is how
the expectation is not only over income but also the future discrete choice of housing
which the household does not fully now as it cannot anticipate the realization of future
taste shocks. The household will use the conditional choice probability to evaluate the
expectation of the value function over future housing choices. The conditional choice

probability can be solved in closed form as:

eXp{Ew [V(alv hI? w/|h” = j)]/ae}
Yoexp{Ey[V(a, W, w'|h" = k)]/o.}

It is also possible to solve for the expectation of the value function over future housing

P(W|a, h,w) =

choices as

[V(alv hl? w,|h// = .7)]

Oe

E, [V (a,h,w)] = o, log(z exp{ Ew 13

J
Hence, the household takes into account the future uncertainty related to their hous-
ing choices. Regarding the optimal housing choice, the household simply chooses the
housing option that yields the highest utility after observing their taste shock. The
higher the levels of savings, the more likely the household is to enter homeownership
or up-size. This, in turn, provides an incentive for savings in our model in addition to

the standard consumption smoothing motive.
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2.4.3 Housing Supply

2.4.4 Construction Sector

We suppose that there is a competitive construction sector in the economy using a
constant returns to scale production technology. They construct housing using a linear
production function employing only materials that can be bought at a unit price of ¢

such that the profit maximization problem of the construction firm reads

Il = mj\%x{M — oM}

where we let M denote the amount of material used for the production of housing.
The convenience of this assumption is that we study the effect of property prices in an

environment where house prices are fixed.

Rental Sector

There is a competitive rental sector in the economy that can buy housing at the unit
price of q, and rent it out to households. The rental rate of a unit of housing is denoted
by p. The rental sector has deep pockets so they do not rely on mortgage financing. The
rental companies are responsible for maintaining the homes, just like home owners, so
they face a maintenance cost of § times the value of the house each period. The rental
company further pays a property value tax of the same size as home owners. Finally,
we suppose that there are some operating costs associated with renting which we will
denote by ¢. Due to no arbitrage the return to renting out an apartment must be the
same as the return that could be obtained by investing in the risk-free asset. Hence,

the rental price must satisfy the following user-cost formula:

p=W+d+t+r)

Notice, we consider a stationary environment where house prices are constant so there

is no appreciation of housing prices over time. The user-cost formula can be extended
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to such an environment as done by Kaplan, Mitman, and Violante (2020).

2.4.5 The Government

The model features a government that levies a value tax on housing. The proceeds
from this tax are used to finance wasteful government spending in a way that does not
influence household welfare. We make this simplifying assumption as we are interested

in studying only the distributional consequences of a property value tax.

The government must satisfy the following budget constraint:

/tqh’(x)d/\(x) =G

where A is the distribution over the states that we denote by x.

2.4.6 Stationary Equilibrium

An equilibrium is defined by decision rules ¢(z), a’(x), and h'(z), prices ¢* and p*, and

a stationary distribution A such that:

1. ¢(x), d(x), and h'(z) are optimal decision rules for the household’s problem,
given prices ¢* and p*.

2. The rental price follows the following user-cost formula
p=W+d+t+r)
3. The measure A is stationary, i.e.,

AB) = / P(x,B)d\ for any Borel set B.
S

When solving for the stationary equilibrium, we exploit that the expectation of the
value function can be solved in closed form following Iskhakov et al. (2017). We then

solve the model by use of value function iteration.
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2.5 Calibration and Solution Method

In this section, we describe the calibration of the model. WE fix some parameters

externally, while others are calibrated to improve the fit of the model.

Externally Fixed Parameters. The model period is one year. We set § = 0.985.
For the utility function, we set the consumption share of housing to 0.685. €. and ¢,
are going to be important parameters as they determine the degree to which housing is

a necessity good. We choose to follow Cioffi (2021), and we set €. to 0.91, and €, to 0.75.

For the income process, we choose the expected life time L to be 50 following Sommer
and Sullivan (2018). We further follow the tradition in the quantitative macroeconomics

literature, and assume that the labor income process is governed by an AR(1) process
In(y) = pyIny,—1 + €, € ~ LogNormal(0, ej)

Following Sommer and Sullivan (2018), the persistent labor productivity process is pa-

rameterized by p = 0.9.

For housing costs, we follow Kaplan, Mitman, and Violante (2020), and we set the

property value tax to 1 percent, and the housing maintenance cost to 1.5 percent.
We allow for asymmetric transactions costs when selling or buying housing, and we set
75 = 0.07 following Sommer and Sullivan (2018) while we calibrate the transaction cost

of buying.

We report all of the externally fixed parameters in Table 2.3 as well as their source.
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Parameter | Value | Description Source

B 0.985 | Discount factor Sommer and Sullivan (2018)

e 0.685 | Consumption share Sommer and Sullivan (2018)

€c 0.91 | elasticity of substitution for consumption | Cioffi (2021)

€n 0.75 | elasticity of substitution for housing Cioffi (2021)

L 50 | Expected life time Sommer and Sullivan (2018)

Py 0.9 | Auto correlation of wage shocks Sommer and Sullivan (2018)

t 0.01 | Property value tax Kaplan, Mitman, and Violante (2020)
6 0.015 | Housing maintenance Kaplan, Mitman, and Violante (2020)
L 0.33 | mortgage rate wedge Kaplan, Mitman, and Violante (2020)
7b 0.07 | proportional transaction cost of selling Sommer and Sullivan (2018)

Table 2.3 — Exogenous parameters

After having fixed these parameters, we are left with the following parameters:

b
RaT O, ¢71/1,(9,Ue, and Ow

that we calibrate in order to match the data as well as possible. As our primary concern
is the impact that property taxes have on inequality, we want to match well the home
ownership rate over the wealth distribution, the portfolio share of housing over the
wealth distribution, and the expenditure share of housing over the income distribution.

Hence, we choose to calibrate the vector of parameters

@ = {Rv Tba 07 Cb, ’QZ), 97 Ue; Uw}

to minimize the distance between the moments computed from the data and those

generated by the model by minimizing the following loss function.

3 10 10
loss = Z ((datahm—modelhti,i)Q) +Z ((dataho’i—modelho,i)Q) +Z ((datahtw7i—modelhtw7i)2)
i=1 i=1 i=1

where the first term is the squared different in housing expenditures for each income

tercile, the second term is the squared different in homeownership rate for each wealth
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decile, and the third term is the squared difference in the portfolio share of of housing

for each wealth decile.

We minimize the loss function by defining a grid over the parameter values, and then

we search over this grid to find the combination that minimizes the loss function.

We report the calibrated parameters in Table 2.4 below:

R | 1.025 | Gross interest rate

7% | 0.07 | proportional transaction cost of buying
o 0.5 | Risk aversion

10) 1.7 | Marginal cost of construction

¥ | 0.02 | Operating cost of renting

0 0.3 | Down payment requirement

0. | 0.025 | Scale parameter of taste shock

0w | 0.22 | Std. dev. of wage shocks

Table 2.4 — Calibrated parameters

Overall the calibrated parameters appear reasonable. We calibrate the return on the
safe asset to be at 2.5 %, which is not far from the average US fed funds rate over
the past 10 years. We get a transaction cost of buying of 7 percent, which may be
somewhat high but not unreasonable. The calibrated sigma of 0.5 is a bit far from the
one used by Cioffi (2021) as he uses two. The operating cost of renting is a bit higher
than the 0.008 used by Kaplan, Mitman, and Violante (2020) but it does not appear
unreasonably large. The down payment requirement of 0.3 is close to the original Loan-
to-Value according to FRED 7. The scale parameter of the taste shock is small enough
that it’s not only randomness that determines housing choices, and finally, the stan-

dard deviation of wage shocks of 0.22 is close to the 0.2 frequently used in the literature.

7. https://fred.stlouisfed.org/series/RCMFLOLTVPCT50
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To see how well the model matches the data based on the calibration, we show the
home ownership rate and portfolio share of housing over the wealth distribution in the
model and the data as well as the expenditure share of housing in both the model and

the data in the figure below.

Home ownership rate
1.0

——— Model
______ Data |—-
08 | 7
7/
7
7/
7/
/
L /
0.6 ,
/
/
/
/
04 r /
/
/
/
/
/
02 f /
/
/
/
/

0.0 7 1 1 1 1

2 4 6 8 10

Wealth decile

Portfolio share of Housing

——— Model
Data

0.8

0.0 4 L L L s
2 4 6 8 10

Wealth decile

Expenditure Share of Housing

— —— Model
Data

0.1

0.0 L !
1 2 3

Income decile

Figure 2.6 — Model vs Data
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All in all, the model captures decently the stylized facts that we laid out as motivating
evidence. We are now ready to consider the distributional consequences of counterfac-

tual levels of property taxes.

2.6 Results

In this section, we show the consequences of increasing the property value tax from the
initial 1 percent to either 2 or 3 percent, with the purpose of studying the distributional
consequences and equilibrium impact. To show the importance of using a model with
non-homothetic preferences, we compare our results to a model where we use homothetic
preferences instead. In our model, we have assumed that house prices are fixed, and
that changes in taxes are fully passed through to renters. We also check the sensitivity
of our results to this assumption by comparing our model to one where tax changes are

not passed through to renters.

2.6.1 The effects of increasing property taxes

We report the main economic consequences in Table 2.5. We report the home owner-
ship rate, core measures of inequality, taxes, and welfare, as measured by compensating
variation. The measures of inequality that we report are the Gini coefficients for both
net wealth and consumption, as well as the inter-quartile range and the ratio of wealth
between the third and first quartile. We report taxes both as a share of income, and

its value as a discounted stream of payments, holding housing choices constant.

We measure welfare using (the negative) of compensating variation. For an individual
in the counterfactual with state a, j, h, we find the value function in the baseline spec-
ification with the same productivity and housing state. This provides us with a level
of assets a’, where the difference with respect to a gives us our compensating variation.
If a value function in the baseline specification cannot be found, the value function
is interpolated such that a level of assets a’ can be found. We then compare this to

expected lifetime income inclusive of current assets.
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Tax 1% Tax 2% Tax 3%

Home ownership rate 0.6075  0.5554  0.4985
Gini (Net W) 0.5361  0.5484  0.5652
Gini (Consumption) 0.2977  0.2969  0.2970
Inter-quartile Range 5.6076  5.5004  5.5004
Q3/Q1 Ratio 9.6450  12.3063 17.9595
Tax (Share of Income) 0.0236  0.0391  0.0501
Tax (Discounted Stream) 1.9576  3.2450  4.1614
Compensating Variation 0.0000  2.9354  5.6815

Compensating Variation / Expected Future Income 0.0000  0.0722  0.1407

Table 2.5 — Effects of higher Property Taxes

We first notice that an increase in property taxes is associated with a lower home
ownership rate in equilibrium. In our model, there are three forces at play. Higher
property taxes increase the cost of owner-occupied housing, which will tend to depress
the home ownership rate. On the other hand, higher property taxes also leads to higher
rents in equilibrium due to the user-cost formula we are applying which makes renting
less attractive. A last effect is that higher property taxes make housing consumption
more expensive compared to consumption of the non-durable good. The net effect is
for property taxes to reduce the home ownership rate. The intuition can be understood
from Table 2.6 which shows the fraction of households choosing each housing size at
different levels of the property value tax. We find that individuals substitute towards

smaller houses and renting as taxes increase.

Parameter | t =0.01 | £ =0.02 | t = 0.03
h = 0.0 0.393 0.442 0.501
h =22 0.275 0.380 0.401
h=33 0.298 0.155 0.068
h =4.0 0.035 0.023 0.029

Table 2.6 — Housing Distribution

As the smallest unit is only available for rent, this will tend to depress the home own-
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ership rate.

From Figure 2.7 below we notice that it is especially households in the middle of the
wealth distribution that switch to renting rather than owning in response to higher

property taxes.

Home ownership change

—-10

—-20

-30

—40 +

Change home ownership (pct. point)

2 4 6 8 10
Wealth Decile

Figure 2.7 — Home ownership change

Interestingly, we find that the effect of property taxes on inequality is ambiguous. It
depends on what variable to consider. We find that higher property taxes lead to an
increase in wealth inequality as measures by the Gini coefficient. On the other hand,
we find that the increase in property taxes decrease consumption inequality, though not
by much, when taxes increase from 1 % to either 2 % or 3 %. To better understand
why we get these two opposite effect, we show the change in non-durable consumption

and net worth over the wealth distribution in Figure 2.8 below.

93



Net Worth Change

I | I
w N =
=3 5} =)

Change in net worth (%)

I
IN
S

2 2 o
Wealth Decile

Consumption Change
20

10 +

Change in ¢ (%)

—10 F

2 4 6
Wealth Decile

Figure 2.8 — Effects of Higher Property taxes

We see that net worth drops most for lower wealth deciles, while consumption actually
increases for households in decile two and three. This is due to the fact that as housing
has now become more expensive, the incentive to save for a down payment is reduced
as fewer households will later choose to become home owners. Instead of entering the
market for owner-occupied housing, poor households choose to increase their consump-
tion level. From the figure below, we see that it is especially households in the middle
class that choose to stay renters compared to the baseline scenario. But as households
in the lower wealth decile are likely to be income poor households, they are on an
upward income trajectory. As they realize that as they climb the wealth distribution,
they are less likely to increase their housing consumption by becoming home owners,

they choose to decrease their savings.

Following the increase in property taxes, we see that the average tax paid by the house-
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hold increases, however, the change is smaller than compensating variation, indicating
that individuals prefer to be in a world where taxes are lower, which may reflect the

fact that individuals prefer choices to be undistorted.

In Figure 2.9, we take a closer look at the distributional consequences of property taxes.
In particular, we report the average welfare effect (negative of compensating variation)
as a share of future expected income, for each wealth decile in figure 2.9. We find
that welfare decreases are larger for wealthier individuals as a share of future expected
income, which could reflect three features of our model. First, wealthier individuals are
more likely to be homeowners and are thus more likely to be impacted by an increase in
property taxes. Second, wealthier individuals have a lower marginal utility of wealth,
so they require a greater sum to compensate them for welfare losses. Third, wealthier
individuals in our model may also be more likely to be of higher income, but higher

income individuals may have shorter expected lifespans in a stochastic aging model.
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Figure 2.9 — Welfare Effects

Summarizing our results, we find that higher property taxes reduce the home owner-
ship rate and increases wealth inequality, despite the fact that consumption inequality
actually decreases, though it is rather constant across the different tax policies that we

consider.
We now go on to test the sensitivity to our results to two key assumptions: non-

homothetic preferences and fully competitive rental markets implying a user cost for-

mula for the rental price.
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2.6.2 Homothetic Preferences

We consider a model with homothetic preferences, which in our model, would be one
where €, €. are equal. To make our comparison as close as possible to our baseline spec-
ification, we re-calibrate €., ¢, and « such that the home ownership rate with taxes at
1% is the same as in our model with non-homothetic preferences, under the restriction
that €, = €.. Using simulated method of moments targetting only the aggregate home-
ownership rate, we find that €,,e. = 0.7285, and o = 0.7695 allows us to match the

home ownership rate in the baseline model exactly. We show the results in Table 2.7

below.

Tax 1% Tax 2% Tax 3%
Home ownership rate 0.6070  0.5213  0.4002
Gini (Net W) 0.5398  0.5353  0.5317
Gini (Consumption) 0.3131  0.3224  0.3303
Inter-quartile Range 7.1220  7.1220  7.4463
Q3/Q1 Ratio 15.6397 22.9595 23.9595
Tax (Share of Income) 0.0193  0.0320 0.0361
Tax (Discounted Stream) 1.6014  2.6603  2.9954
Compensating Variation 0.0000  2.3082  4.6258

Compensating Variation / Expected Future Income 0.0000  0.0562  0.1127

Table 2.7 — Results when preferences are homothetic

Compared to our results in table 2.5, we find that the home ownership rate has a
greater decline as taxes increase, which we expect, as in a model with homothetic pref-
erences, lower wealth and income individuals substitute more strongly to renting as
taxes increase compared to a model with non-homothetic preferences where housing is

a necessity good.

We find that the compensating variation is lower with homothetic preferences. Under

non-homothetic preferences, for the same tax increase, the home ownership rate falls less
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and individuals have stronger preferences for larger homes, implying that the property

tax payments made by households are higher.

2.6.3 Full tax incidence on landlords

One important assumption of our paper so far has been that the price of housing is
fixed while the rent level is changing as we change the level of property taxes. To test
the sensitivity of our results to this assumption, we consider a version where rents are
fixed to the level they have when property taxes are 1 percent. We therefore suppose
that all the incidence of higher property taxes fall on home owners and landlords. We

report the results in Table 2.8.

Tax 1% Tax 2% Tax 3%

Home ownership rate 0.6075  0.5106  0.4209
Gini (Net W) 0.5361  0.5686  0.5869
Gini (Consumption) 0.2977  0.2807  0.2684
Inter-quartile Range 5.6076  5.5004  5.1761
Q3/Q1 Ratio 9.6450  17.9595 16.9595
Tax (Share of Income) 0.0236  0.0364  0.0435
Tax (Discounted Stream) 1.9576  3.0242  3.6113
Compensating Variation 0.0000  2.8036  5.4535

Compensating Variation / Expected Future Income 0.0000  0.0692  0.1358

Table 2.8 — Results with full tax incidence on landlords

Compared to the model where rents fully to property taxes, we find that higher property
taxes decreases the home ownership rate much more significantly. As explained before
this is due to the fact that higher property taxes now only make owning less favorable
while they do not change the utility of renting. We see that the decrease in consumption
inequality is much stronger which is due to the fact that renters, who tend to be poor

agents, are not directly affected by the policy. However, we find that compensating
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variation is slightly lower than with full tax pass through, which reflects the fact that
individuals need to be compensated less if the rental option is unchanged. It is therefore
of first order important to assess the degree to which the tax incidence falls on renters

or landlords as this drastically impacts the equilibrium impact of property taxes.

2.7 Conclusion

This paper investigates the distributional effects of property value taxation through
the lens of a heterogeneous-agent model with non-homothetic preferences over housing
and non-durable consumption. Our results suggest that property taxes, though often
considered progressive and efficient, may exacerbate wealth inequality. Middle-wealth
households, who concentrate a large share of their wealth in housing, bear a dispropor-
tionate burden of the tax. Moreover, increased property taxation leads to higher rents,

further disadvantaging renters and lower-wealth households.
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Appendices

2.A Robustness of the results to the chosen sample

We report the results for the sample used in this paper as well as for the full SCF

sample.
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Figure 2.10 — Results with our sample vs full sample
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In general, we find that the results are quite similar across the two samples.

2.B Data definitions

In the figure below, we report the flowchart of net worth provided by the

Consumer Finances.

Definition of SCF Bulletin Asset and Debt Categories in Calculation of Net Worth*

Total net worth
[NETWORTH]

___ Alltypes of transaction account (liquid
assets) [LIQ]

|— Certficates of deposit [CDS]

money mkt funds) [NMMF]

|— Savings bonds [SAVBND]

{— Directly held stocks [STOCKS]

Total financial
assets [FIN]

| Directly held bonds (excl. bond funds or
savings bonds) [BOND]

[ Cash value of whole life insurance
[CASHLI]

[— Other managed assets [OTHMA]

| Quasi-liquid retirement accounts
__ Totalassets [RETQLIQ]

[ASSET]

L— Other misc. financial assets [OTHFIN]

_ Vehicles (incl. RVs, planes, boats, etc.)

[VEHIC]

|— Primary residence [HOUSES]

|__Residential property excl. primary resid

(2., vacation homes) [ORESRE]

| Net equity in non-residential real estate
[NNRESRE]

| Businesses (with either an active or

nonactive interest) [BUS]

Total
— nonfinancial ——
assets [NFIN]

L— Other misc. nonfinancial assets [OTHNFIN]

Debt secured by prim. resid. (mortgages,
home equity loans, HELOCs) [MRTHEL]
Debt secured by other residential property
[RESDBT]

Other lines of credit (not secured by resid

[ Total debt
[DEBT]

real estate) [OTHLOC]
Credit card balances after last payment
[CCBAL]

Installment loans [INSTALL]

Other debt (e.g., loans against pensions or
life insur., margin loans) [ODEBT]

| Directly held pooled investment funds (exc.

Money mkt deposit
___Money market accounts accounts [MMDA]
[MMA] Money mkt pooled
Checking accounts (excl investment funds
[ money mkt) [CHECKING] [MMMF]

{— Savings accounts [SAVING]
{— Call accounts [CALL]

L Prepaid cards [PREPAID]

Stock mutual funds
[ [STMUTF]
Tax-free bond mutual funds
[ [TFBMUTH]
| Govt. bond mutual funds
[GBMUTF]
| Other bond mutual funds
[OBMUTF]
Combination mutual funds
[~ [comutr

L—Other mutual funds [OMUTF]

Tax-exempt bonds

[ [NOTXBND]
Mortgage-backed bonds

[~ [MORTBND]

|__Us govt & govt agency bonds
&bills [GOVTBND]

| Corporate and foreign bonds

[OBND]

{Annuilies [ANNUIT]
Trusts [TRUSTS]

Individual retirement
accounts/Keoghs [IRAKH]
Account-type pensions on
current job [THRIFT]
Future pensions [FUTPEN]

Currently received account-
type pensions [CURRPEN]

Mortgages & home equity
Toans secured by primary
residence [NH_MORT]

Home equity lines of credit

secured by primary residence
[HELOC]

Education loans [EDN_INST]

Vehicle loans [VEH_INST]

Other installment loans
[OTH_INST]

*Narmes in brackets refer to variables in the SCF Bulletin extract data
For precise variable definitions, please see the documentation and programs on the SCF website.
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2.C Regression tables

In this section, we present the full results of the regressions in the main text

Table 2.9 — Regression of home ownership on wealth

homeowner
wealth decile=2 0.150"*
(0.016)
wealth decile=3 0.447*
(0.020)
wealth decile=4 0.722%*
(0.016)
wealth decile=5 0.808***
(0.015)
wealth decile=6 0.838**
(0.015)
wealth decile=7 0.858**
(0.014)
wealth decile=8 0.847
(0.016)
wealth decile=9 0.887**
(0.016)
wealth decile=10 0.885***
(0.017)
10 quantiles of income -0.004*
(0.002)
age 0.010***
(0.003)
age_sq -0.000*
(0.000)
married 0.067***
(0.009)
kids 0.026***
(0.003)
educ -0.010%*
(0.002)
race -0.020%*
(0.004)
Constant -0.193**
(0.071)
Sample size 14,784
R? 0.51
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Table 2.10 — Regression of portfolio share on wealth

hta nwdecile ho

10 quantiles of networth -0.04°7*
(0.000)
10 quantiles of income -0.004***
(0.000)
age 0.003***
(0.001)
age_sq -0.000***
(0.000)
married 0.009***
(0.002)
kids -0.003***
(0.001)
educ -0.000
(0.000)
race 0.000
(0.001)
Constant 0.849**
(0.015)
Sample size 10,127
R? 0.87
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Chapter 3

The Child Penalty and Statistical

Discrimination Against Women

Emil Mortensen !

Abstract

This paper examines how statistical discrimination arises when firms cannot observe
whether workers will assume future caregiving responsibilities. I develop a theoreti-
cal model in which firms, acting under asymmetric information, discriminate against
women in hiring for high-investment, inflexible roles, anticipating a higher probability
of labor force withdrawal. The resulting equilibrium is inefficient relative to a first-best
world with observable caregiving status: caregiving women impose a negative external-
ity on non-caregiving women, who are unjustly excluded from high-productivity posi-
tions. Supporting the model’s key assumptions, I provide empirical evidence from the
German Socio-Economic Panel (SOEP) showing that the birth of the first child leads
to sharp declines in full-time employment for women, but not for men, and increases

the probability of job transitions for women, with no effect observed for men.

Keywords: Asymmetric information, gender inequality, discrimination
JEL classification: D80, J70

1. Toulouse School of Economics. Email: emitm@outlook.dk. This chapter is a revised version
of my memoire that was written under the supervision of Christian Hellwig. I have received useful
suggestions and comments from Fabrice Collard, Eugenia Gonzalez-Aguado, Christian Hellwig, Javier
Gonzalez-Morin, En Qi Teo, and Nicolas Werquin.
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3.1 Introduction

A large body of empirical research has documented the persistence of gender wage gaps
across labor markets, and much of this gap can be attributed to the child penalty (see,
for instance, Kleven, Landais, and Sggaard (2019)). In Germany, I find that the birth of
the first child reduces a woman’s gross income by 40 percent three years after the birth.
This paper investigates, theoretically, whether gender inequality may emerge even ear-
lier. Specifically, I ask the following question: does the anticipation of future caregiving
responsibilities after the birth of a child contribute to gender inequality in labor mar-
ket outcomes prior to parenthood? Understanding whether expectations about future
child-related labor market decisions influence pre-parenthood labor market outcomes
is crucial for identifying the full extent of gender disparities and for designing effective

policy interventions.

I first use data from the German Socio-Economic Panel (SOEP) to study the effect that
the birth of a child has on women’s labor market outcomes. I apply an event-study
design around the birth of the first child and document a sharp decline in earnings,
full-time employment, and job stability for women, but not for men. I take this as
suggestive evidence that women are more likely than men to face caregiving responsi-

bilities causing them to either work part-time or look for a job that offers more flexibility.

Motivated by the fact that women are more likely to change jobs or to start working
part-time after the birth of a child, I then develop a theoretical model where women face
a higher probability of assuming caregiving responsibilities. I assume that workers with
caregiving responsibilities value not only the wage they receive but also the amount
of flexibility in the job. I suppose that workers have private information about future
caregiving roles, i.e., firms cannot distinguish workers with future caregiving respon-
sibilities from workers without them. I take the view that there are no productivity
differences between women and men, so all of the results are driven by the assumption

that women face a higher probability of assuming caregiving responsibilities. On the
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firm side, I consider an environment where there are two types of firms. Workers can
be employed either by a low-productivity firm that is able to offer flexibility or by a
high-productivity firm that cannot offer this, and also requires an upfront investment
in the worker to provide the worker with the necessary skills to carry out the job. The
fact that the high-productivity firm needs to pay an upfront investment implies that it
is reluctant to employ workers that it believes will leave the firm upon the birth of a
child. Combined with private information, this is the central mechanism causing gender

inequality in the model.

I then show that, under profit-maximizing behavior and wage parity constraints, firms
respond by hiring fewer women into high-investment roles under asymmetric informa-
tion compared to the first-best. This form of statistical discrimination arises not from
bias, but from rational responses to uncertainty. Intuitively, caregiving women impose
a negative externality on non-caregiving women due to asymmetric information that
causes firms to be reluctant to hire women for high-productivity jobs that require an
initial upfront investment by the firm. This leads to inefficiencies, and reduced labor
market earnings for the women. On the other hand, men with future caregiving re-
sponsibilities benefit as they are able to be hired by the high-productivity firms which
is inefficient as those roles should ideally be given to women without future caregiving
responsibilities. In that sense, the results shown in this model are fully consistent with
an inefficient glass ceiling that prevents women from reaching top positions they would

be better qualified for than the men who end up getting them.

The paper is organized as follows. Section 3.2 relates this paper to the existing litera-
ture. Section 3.3 introduces the German Socio-Economic Panel. Section 3.4 provides
an event-study around the birth of the first child that is used for motivating the model.
Section 3.5 introduces the model. Section 3.6 solves the equilibrium of the model.

Section 3.7 features a discussion of the results. Section 3.8 concludes.
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3.2 Related Literature

This paper contributes to the literature on gender inequality, the child penalty, and
asymmetric information, by analyzing how imperfect private information about care-

giving responsibilities leads to inefficient labor market outcomes and gender inequality.

This paper contributes to a vast and growing literature on gender inequality. Sev-
eral studies emphasize that job flexibility is a key mechanism driving gender dispari-
ties. Goldin (2014) argues that labor markets disproportionately reward rigid, inflexible
schedules that penalize women. These insights are consistent with the theory of equaliz-
ing differences formalized by Rosen (1986), where workers accept lower pay in exchange
for non-wage benefits like flexibility. Andrés Erosa et al. (2022) show quantitatively how
occupational structure and time constraints shape gendered labor outcomes. Doepke
and Kindermann (2019) examine how intra-household bargaining over fertility and ca-
reers contributes to gender inequality. Albanesi and Olivetti (2009) further model how
expectations of future home production contribute to wage gaps under asymmetric in-

formation.

Several macro-labor studies provide quantitative frameworks relevant to this model.
Andres Erosa, Fuster, and Restuccia (2016) offer a life-cycle model linking labor supply
choices to gender wage gaps. Sloane, Hurst, and Black (2021) show how college majors
and occupational sorting contribute to early-career gender disparities, reinforcing labor
market frictions. Similarly, Olivetti and Petrongolo (2017) and Blau and Kahn (2013)
evaluate how family policy design and institutional structure shape female labor supply
across countries. Azmat and Ferrer (2017) show that there is a wage gap among lawyers
that can be accounted for by the fact that young male lawyers outperform their female
counterparts, largely due to differences in aspirations and the presence of preschool-

aged children.

The paper also contributes to the literature on the child penalty. A growing empirical
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literature has documented that the birth of a child results in substantial and persistent
negative impacts on women’s earnings and labor market attachment, with no compa-
rable effect for men. Kleven, Landais, and Sggaard (2019) show that childbirth leads
to sharp, long-lasting earnings declines for women, while men’s careers continue largely
unaffected using Danish register data. I replicate their study for Germany. The repli-
cation of Kleven, Landais, and Sggaard (2019) for Germany has also been done by
Kleven, Landais, Posch, et al. (2019). My analysis extends theirs by additionally ex-
amining full-time employment and job transitions, and I further propose a theoretical
model to think about the effects prior to childbirth. Nix and Andresen (2019) also find
a substantial child penalty, and Adda, Dustmann, and Stevens (2017) use a dynamic

life-cycle model to show how motherhood alters career paths and long-run earnings.

Finally, the paper is also related to the literature on statistical discrimination and asym-
metric information. The foundational model by Akerlof (1970) describes how markets
fail under quality uncertainty. Phelps (1972) and Arrow (1973) adapt these ideas to
labor markets, showing how group averages are used when individual productivity is un-
observable. In this tradition, the current paper models how gender operates as a noisy
signal of future caregiving status, leading to rational but inefficient hiring discrimina-
tion. This contrasts with taste-based discrimination models as in Becker (1957), where
disparities arise from employer preferences rather than information constraints. The
modeling approach in this paper builds closely on Gayle and Golan (2012), who esti-
mate a dynamic adverse-selection model in which statistical discrimination accounts for
a large portion of the gender earnings gap. While their model centers on unobserved
ability, the current paper shifts the focus to unobserved caregiving intent, offering a
complementary channel. Finally, this paper is grounded in the informativeness prin-
ciple of Holmstrom (1979), which shows that any observable variable correlated with
unobserved productivity—such as gender in this case—will enter into optimal contracts.
In the absence of observability, firms use gender as a proxy for caregiving risk, gener-
ating distortions that penalize even career-focused women. These externalities reduce

both efficiency and equity in labor market allocations.
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3.3 Data

I use data from the German Socio-Economic Panel (SOEP), a longitudinal survey that
began in 1984 and interviews households annually. The SOEP provides rich information
on household composition, occupational status, earnings, and other key socio-economic

indicators.

A distinctive feature of the SOEP is its effort to follow all members of the originally
sampled households over time. If household members move out—such as children form-
ing their own households or households splitting due to divorce—the new households
continue to be surveyed alongside the original ones. This design enables comprehensive

tracking of individuals and household dynamics across time.

The SOEP comprises several subsamples. The initial sample, Sample A, includes indi-
viduals residing in West Germany in 1984, covering 4,528 households. In 1990, Sample
C was introduced, adding 2,179 households from the former German Democratic Re-
public. In addition to these core samples, the SOEP has added various special samples
focused on particular subpopulations (e.g., immigrants, refugees) that are underrepre-
sented in general population samples. To maintain the representativeness of the survey
over time and to compensate for attrition, several refreshment samples have also been

added.

In this paper, I use data from the two original core samples (A and C) as well as
all subsequent refreshment samples. Table 3.1 provides an overview of the samples
used and the number of initially surveyed households. One household may include mul-

tiple individual-level observations.
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Sample Letter | Sample Name Start Year | Households
A West German Sample 1984 4,528
C East German Sample 1990 2,179
E Refresher 1998 1,060
F Refresher 2000 6,043
H Refresher 2006 1,506
J Refresher 2011 3,136
K Refresher 2012 1,526
N Refresher Sample (PTAAC-L) | 2017 2,314

Table 3.1 — SOEP samples used in this paper

Sample restrictions: I restrict the analysis to individuals aged 17 to 50 and residing
in private households. I further restrict attention to individuals that I observe two years
prior to the birth of their first child, and then for the following five years, implying that
I work with a balanced panel. In Table 3.2 below, I provide summary statistics for the

sample used.

Mean SD Min Max N
Woman 0.56 0.50 0.00 1.00 5,916
Age 29.32 7.22 17.00 50.00 5,916
Number of Children 1.01 0.63 0.00 3.00 5,916
Income 1,388.26 1,566.48 0.00 16,600.00 5,911
Full time employment 0.48 0.50 0.00 1.00 5,916
New job 0.24 0.43 0.00 1.00 3,999

Table 3.2 — Summary Statistics

The average age of the sample, consisting of individuals observed from two years before
to three years after the birth of their first child, is approximately 29 years. The sample

includes more women than men. The average gross labor income is €1,388 and the
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average number of children is slightly above one, indicating that some individuals have

a second child shortly after the first one.

3.4 Motivating Evidence

This section documents that women are more likely than men to reduce full-time em-
ployment, start working part-time or to switch job following the birth of their first child.
In particular, the increased incidence of part-time work among women provides moti-
vating evidence for the model assumption that primary caregivers value job flexibility
in addition to wages. 1 further replicate the findings of Kleven, Landais, and Sggaard
(2019) on the child penalty in Germany, showing that women experience a substantial

decline in labor income around the time of their first childbirth.

I apply the methodology of Kleven, Landais, and Sggaard (2019) to investigate how
the birth of the first child affects the probability of full-time employment, part-time
employment, and the likelihood of changing jobs. I further estimate the child penalty

separately for men and women, using the birth of the first child as the event of interest.

I estimate the following event-study regression separately by gender g € {men, women}:

Y=Y aflt=j)+ ) fil(age, =a)+ ) ~¢L(year = s) + e,
j#—1 a s
where Y7,

time ¢ relative to the birth of the first child (with ¢ = 0 at the birth). The outcomes Y’

denotes the outcome for individual ¢ of gender g observed in year s and event

are the probability of full-time employment, the probability of part-time employment,
the probability of a job-to-job transition, and gross labor income. Age and calendar
year fixed effects are included to control for life-cycle and macroeconomic trends. Co-
efficients are normalized to zero at event time ¢t = —1, so the ajg- coefficients measure

changes relative to the year before childbirth.
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Figure 3.1 shows a marked decrease in the probability of full-time employment for
women following childbirth, with no effect for men. This is relevant for the model that
I later propose as firms may be more reluctant to hire women in positions that require
an upfront investment in the worker as they face a higher probability of her leaving

than a male applicant for the same job.
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Figure 3.1 — Birth and the probability of full-time employment

In Figure 3.2, we see that some of decrease in full-time employment is driven by women
switching to part-time positions. This may indicate that after the birth of the first
child, workers value flexibility in the job in addition to the wage they get paid.
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Figure 3.2 — Birth and the probability of part-time employment
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Figure 3.3 reports estimates on job-to-job transitions. The birth of the first child
significantly increases the likelihood that women change jobs, whereas no significant
effect is found for men. Similar to the drop in full-time employment, it indicates that
firms face a more elevated risk of a worker leaving post the birth of the first child if it

is a female worker.
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Figure 3.3 — Birth and the probability of job-to-job transitions

Finally, I replicate the results of Kleven, Landais, and Sggaard (2019), and I show the
results in Figure 3.4. It displays the estimated effects of the birth of the first child
on gross labor income. For these estimates, I normalize the coefficients by dividing
by the average gross labor income at event time —1. This normalization facilitates
interpretation since regressions are run in levels rather than logs, allowing inclusion of

individuals with zero earnings (e.g., individuals out of the labor force).
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Figure 3.4 — Birth and gross labor income (The Child Penalty)

A sharp decline in earnings occurs around childbirth for women, while no significant
change is observed for men. This decline may be partially explained by the large drop
in full-time employment documented earlier as well as the increase in part-time em-

ployment.

In summary, the birth of the first child has no statistically significant impact on men’s
labor market outcomes with respect to income, full-time employment, part-time em-
ployment, or job transitions. In contrast, for women, childbirth leads to a substantial
reduction in earnings, a significant decline in the probability of full-time work, and an

increased probability of changing jobs.

3.5 Model

This section presents a model to study statistical discrimination against women. The
model is motivated by the observation that women are less likely to work full-time and
more likely to change jobs or work part-time following the birth of their first child as
documented in Section 3.4. I interpret this as evidence that women are more likely than
men to assume the role of primary caregiver. The purpose of the model is to better

understand how this caregiving role leads to discrimination against women not only ex
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post, i.e., after assuming caregiving responsibilities, but also ex ante, i.e., before the

birth of the first child.

3.5.1 Economic Environment

I consider an economy that lasts for two periods. It consists of four different types of
workers and two types of firms. A worker’s type is defined by two characteristics: their
sex (male or female) and whether they have caregiving responsibilities. T assume asym-
metric information: the worker knows their own type, but the firm only observes the
worker’s sex and cannot observe caregiving responsibilities. No worker has caregiving
responsibilities in the first period. However, women are more likely than men to have
caregiving responsibilities in the second period. There are two types of firms: 1) an
L-type firm, which performs a low-productivity task that can be done flexibly, and 2)
an H-type firm, which performs a high-productivity task that cannot be carried out

flexibly.

3.5.2 Workers

Workers without caregiving responsibilities derive utility solely from consumption, while
workers with caregiving responsibilities derive utility from both consumption and job
flexibility. Male and female workers share the same preferences conditional on caregiving
status. Let v be the fraction of female workers who have caregiving responsibilities in
the second period, and 7y, be the corresponding fraction of male workers. No workers
have caregiving responsibilities in the first period. There are no financial markets, so
workers consume their entire earnings. The utility of the outside option to the worker
of not working is normalized to 0, and the utility that workers derive from a contract

that specifies an income (w) and flexibility (f) is summarized as follows:

u(w, f) =w+Bif, i€{C,NC}

where C' denotes caregiving responsibilities and NC' denotes no caregiving responsibil-

ities. I assume Byc = 0, so workers without caregiving responsibilities do not value
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flexibility, whereas S > 0. The parameter S is private information that is known only
to the worker. The probability of 8 > 0 is vr for a female worker and ~,,; for a male
worker. Motivated by the fact that women appear to be the ones to drastically reduce
their labor market participation, I am going to assume that women are more likely than

men to have caregiving responsibilities in the second period.
Assumption 3.5.1. v > vy

This assumption is key for statistical discrimination to arise against women as firms

are only able to observe sex, but not future caregiving status.

3.5.3 Firms

There are two types of firms in this economy, each producing a different task: 1) L-type
firms, which perform routine tasks (task L) that allow job flexibility, and 2) H-type
firms, which require physical presence and long hours, making flexibility impossible,

producing task H. Below, I describe each task in detail.

Task L

An L-type firm produces an output 6; when it opens a vacancy, employs a worker, and
carries out task L. I assume no search frictions and free entry into vacancy openings.
The firm’s profit depends on the contract it offers, which specifies the wage w and the

amount of flexibility f. The firm’s profit function is:

m(w, f) =0, —w— %af2

where a is a cost parameter, and I assume that the cost of providing flexibility is convex.

If the firm does not open a vacancy, profits are zero.
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Task H

H-type firms cannot offer flexibility, but the task yields a higher surplus. The task
requires an upfront investment  in the worker to equip them with the necessary skills
to perform the job. If the firm opens a vacancy, it offers a wage contract. The firm’s

profit in period 1 is:

m=0g—Kx—w

where 6y is the surplus generated, w is the wage paid to the worker, and x is the

investment cost.

In period 2, profits depend on whether the worker stays or leaves: If the worker stays,

the firm produces output and pays a wage w, yielding profits:
TS =0 —w

since the firm has already equipped the worker with the necessary skills, period two
profits are higher than period one profits if the worker stays. This gives the firm an

incentive to hire workers that they believe will not switch jobs.

If the worker leaves, the profits are simply 0.
=0

The firm’s problem is to design contracts that maximize total profits over both periods,

subject to the IR constraints of the workers, i.e.

w Z 0, (IRNC)
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for non-caregiving workers, and

for caregiving workers.

The IC constraint will be described more carefully later as it is relaxed compared to
the standard case as firms are allowed to reject workers that are willing to work for the

proposed contract.

I will make the following three assumptions.

Assumption 3.5.2. 0y — %/ﬂ >0 and Oy — k < 0,

and

Assumption 3.5.3. 6y — %/{ < 0r + %%2 and O — ﬁ > 0

Assumption 3.5.2 ensures that & is such that it is efficient for workers without caregiving
responsibilities to be employed by the high-productivity firm, while it is inefficient for
workers with future caregiving responsibilities to be employed by the high-productivity

firm.

Assumption 3.5.3 ensures that workers with caregiving responsibilities prefer to work
for the low-productivity firm that can offer flexibility. If this assumption were to be
violated, the results of the model would be trivial as all types of workers would prefer
to work for the high-productivity firm. Assumption 3.5.3 further ensures that women
without caregiving responsibilities would prefer to work for the high-productivity firm

when there is asymmetric information.

3.6 Equilibrium

Each worker chooses their preferred job contract from the available options. A job

contract specifies a wage and the amount of flexibility offered. The task L firm and the
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task H firm offer the contracts that maximize their profits.

I will first solve for the first-best equilibrium to have a benchmark. I will then move on
to solving for the equilibrium with asymmetric information, where firms are not able
to distinguish workers with caregiving responsibilities from workers who do not have

caregiving responsibilities.

3.6.1 First-best Equilibrium

In a first-best equilibrium where firms can observe the type of a worker, the proposed
wage will be the one that maximizes total surplus. Due to free entry the firms make

zero profit, so all of the surplus from the match goes to the workers.

Type H firm. The type H firm will propose a wage to the different types that is
equal to the total surplus of the match. A worker without caregiving responsibilities
will generate a surplus of fy in each period, while the firm will have to pay an upfront
investment cost of  in period one. Conversely, a worker with caregiving responsibilities
in period 2 will only generate a surplus of #y in the first period, while they will start
working for the low-productivity firm in period two as that firm can offer flexibility,
which is more attractive for caregiving workers according to assumption 3.5.3. The

proposed wage by the high-productivity firm will therefore be:

1
wNCZQH_E’i

we =0 — K

Hence, workers with no caregiving responsibilities are proposed a higher wage as they
will stay with the firm for two periods (and thereby have a lower per-period cost of
the upfront investment), whereas workers with caregiving responsibilities will only stay
with the firm for one period and therefore generate a lower surplus implying that they

get a lower wage offer.
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Type L firm. The type L firm would instead offer a contract with a wage of 6, to
individuals without caregiving responsibilities. This is due to the fact that these work-
ers do not value flexibility so they have no incentive to offer flexibility to this type of

worker as it is costly.

For workers that value flexibility, they will offer the contract that maximizes total
surplus. Total surplus is equal to the surplus generated by the match and the utility
that the worker gets from flexibility subtracted by the cost to the firm of providing
flexibility. Hence, the amount of flexibility is the solution to the following maximization

problem.

f* = max{f — saf’ +Bf}

Maximizing this with respect to flexibility yields f* = §, and using the zero-profit

condition the wage becomes 0 — %%2 Hence, the contract proposed to workers with

caregiving responsibilities is

(w,f) = (6.-32.2)

Due to assumption 3.5.2, workers without caregiving responsibilities will prefer the
contract offered by the high-productivity firm, while workers with caregiving respon-
sibilities will prefer the contract by the low-productivity firm. Therefore, we have a
first-best equilibrium that is characterized by the following (w, f) contracts shown in

table 3.3 below

Type Task | Period 1 Contract | Period 2 Contract
Non-caregiving women | H 0y — 3k,0) 0y — 3k,0)
Caregiving women L (01,0) (6’,; - %%2, g)
Non-caregiving men H (0 — 35,0) (0 — 35,0)
Caregiving men L (01,0) <0L — %72, g)

Table 3.3 — First-Best Contracts
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We see that in the first-best equilibrium, there is no gender inequality conditional on
type. However, men will, on average, earn a higher income due to assumption 3.5.1

that states that women are more likely to be the primary caregiver.

3.6.2 Second Best Equilibrium

The model’s equilibrium comprises the optimal contracts proposed by both firm types,
given the workers’ optimal responses. The problem of the worker is to choose the con-
tract that maximizes utility. Male and female workers are identical in their preferences,

so I will just solve the decision problem for the caregiving and non-caregiving workers.

Non-caregiving workers. The problem for the non-caregiving worker is trivial as
they only value consumption. In each period, they will therefore simply choose the
contract that offers the highest wage. Let C = {c1,¢a,...,¢,} be the set of available
contracts in a given period, and let each contract ¢; € C offer a wage w; = w(¢;) and a

level of flexibility f; = f(c¢;). The worker’s problem is therefore:

ey vl

Since u is strictly increasing, the optimal contract ¢* is the one that offers the highest

wage:

c* = argmax w;
c;eC

Caregiving workers. The problem of the caregiving worker is to choose the contract

that maximizes utility.

meax u(w;, f;) = rggg{wi + Bfi}

I can now solve for the optimal contracts proposed by type L and type H firms given

the behavior of workers.
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Optimal contract for type L firm

Due to the free-entry condition, we immediately deduce that profits must be 0 in equi-

librium. Hence, we have

GL:w+%af2

i.e., the revenue generated by the task (6;) must be equal to the cost of the contract

which consists of wage payments and the cost of offering flexibility.

Firms face the problem of how to optimally design the contract that they offer to
workers. To solve this problem, the firm realizes that it faces different types of workers.
It faces workers that value flexibility and workers that don’t value it. The workers that

don’t value flexibility have the following IR constraint

w Z 0, (IRNc)

whereas the workers that value flexibility have the following one:
w+pBf =0, (IRc)

The first result that follows from the model is the following.

Proposition 3.6.1. There cannot exist a pooling equilibrium where firms carrying out

task L only offer one contract.

The proof is in appendix 3.A. The intuition of this result is that if there were to be a
pooling equilibrium where all workers were offered a positive level of flexibility, it would
be possible to offer an alternative contract that would propose zero flexibility and in-
crease the wage by a small e. That contract would be preferred by workers without
caregiving responsibilities, while the firm would make a positive profit. Similarly, if
there were a pooling equilibrium where no contract offered a positive level of flexibility,

a firm could attract workers with caregiving responsibilities by offering a small amount

125



of flexibility while reducing the wage.

Separating equilibrium. As there cannot be a pooling equilibrium, I will solve for a
separating equilibrium where firms offer two different contracts and people self-select
into their preferred one. The contract for workers that do not have caregiving respon-
sibilities is trivial. Given the zero-profit condition which we will write as the condition

that the contract must lie in the set defined below
A={(w, f):w+3af* =0}
and the IC constraint for the workers in period 1

(w, f) = arg max u(w, f)
w,feA

We immediately obtain

UJZHL

due to the fact that u(w, f) = w.

For workers that value flexibility, the firm would like to minimize the cost yet satisfy

the IC constraint. From the worker problem, we know that the IC constraint is
(w, f) € arg max {& + 5}
@,feA

Using this to replace for the wage in the profit function and letting @ denote the utility
to the worker, we get

™ =0, —u+Bf —Ltaf?

The first-order condition yields
B=af

Intuitively, 5 captures the gain to the firm by marginally increasing the amount of
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flexibility, permitting them to lower wages by . In equilibrium, this must be equal to

the marginal cost of providing more flexibility.

Solving for f, we obtain

f:ﬁ

We see that the amount of flexibility provided by firms is an increasing function of S.
The intuition is that a higher value of § implies that the firm can reduce more the wage
it has to offer when increasing the level of flexibility. We also find that the amount
of flexibility offered is a decreasing function of a. The higher the cost of providing

flexibility, the less flexibility the firm will offer.

Using the zero-profit condition, we can determine the wage which will be

/32
a

N[

U}ZQL—

Hence, the firms producing task L will offer the following two contracts

(wy, f1) = (01,0) and (wy, fo) = (QL — %%27 g)

That is, there will be a separating equilibrium where the firms will offer two different
contracts. They will offer a contract that provides 0 flexibility which will be preferred
by people just wanting to consume, and there will be another contract that provides

a positive level of flexibility which will be preferred by caregiving workers with children.
It remains to be shown that these two contracts satisfy the IR constraints. For people

not valuing flexibility, the contract yields a payoff of 8, > 0 so the IR constraint is

indeed satisfied. The workers who value flexibility will obtain a utility of
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Hence, the IR constraints are indeed satisfied.

3.6.3 Optimal contracts for type H firm

The firm knows that there are four types of workers, yet the firm is only able to dis-
tinguish a man from a woman. It cannot distinguish a worker with a preference for

flexibility from a worker who does not have such a preference.

Due to assumption 3.5.3 a worker with caregiving responsibilities will prefer the con-
tract offered by the type L firm to the most favorable contract that can be offered by
the type H firm.

To solve for the optimal contract, we will thus focus on the case where the firm only
wants to attract workers with no caregiving responsibilities. The relevant IR and IC

constraints are therefore

w >0, (IR)
w > 0, (IC)

We will first guess that IC is satisfied, and then we will verify ex post. IC trivially
implies IR. To solve for the contract, we first use that the expected profits must be zero

due to free entry. Hence, we have

Oy —w—r—+(1—~) g —w)=0, i={m,f}

where we have used the assumption that workers with caregiving responsibilities will
leave the firm in period 2. We can then solve for the wage that the firm must offer to

men and women




and we notice that the IC constraint is satisfied due to assumption 3.5.3.

We see that the wage that men and women will receive will depend on the likelihood
that they will have caregiving responsibilities in period 2. Under assumption 3.5.1 we
have that women are more likely than men to have caregiving responsibilities. Hence,
if firms are forced to offer the same wage to men and women for performing the same

task, we have the following result

Proposition 3.6.2. If firms are not able to condition wages on gender, no women will

be employed in task H if vp > .

The proof is in appendix 3.A.

Women will, of course, prefer the high-paying contract, but firms will have to reject them
as employing them is associated with an expected loss. We will make the assumption
that it is feasible for firms to undertake this kind of discrimination as it will be very
difficult to detect if someone was not chosen for a job due to the gender of the person.
Women will after this rejection apply to the contract proposed by the firms performing
task L that pays less. All women will be employed to perform task L, which will be
inefficient as the women with non-caregiving responsibilities should be employed in task

H, while the men with caregiving responsibilities should be employed in task L.

3.7 Discussion

Based on the previous section, we can state the equilibrium contracts in period 1 in the
first-best (FB) and second (SB) equilibrium in table 3.4. Hence, these are the contracts
that the workers will have prior to the birth of a child.
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Type FB contract | SB contract
Non-caregiving women | (0y — 3£,0)) | (62,0)
Caregiving women (0r,0) (01,0)
Non-caregiving men (O — 55,0) | Oy — 57-:0)
Caregiving men (01,0) (0n — 57°-,0)

Table 3.4 — Equilibrium contracts period 1

We see that there is no difference in the income received by men and women conditional
on caregiving responsibilities in the first-best equilibrium in period 1. This is intuitive
as men and women are equally productive, and equally likely to stay in the job condi-

tional on caregiving responsibilities.

However, this does not hold true in the case of asymmetric information. This follows
from the informativeness principle of Holmstrom (1979): gender is a signal about care-
giving in the future. Thus, the optimal contract would incorporate all the informative
signals about payoff relevant variables. Gender is irrelevant if caregiving responsibility

is observed, that is why it is not included in the first-best.

Caregiving women are indifferent between the first-best equilibrium under full informa-
tion, and the second best equilibrium where firms are not able to distinguish workers
with caregiving responsibilities from workers without. Men with caregiving responsibil-
ities on the other hand are better off. In the first-best equilibrium, firms are able to see
that they will eventually have caregiving responsibilities, and they will therefore end up
in the low-productivity firm that does not require an initial investment in the worker.
In the second best, however, firms are not able to tell men with future caregiving re-
sponsibilities from men without. Hence, men with future caregiving responsibilities
benefit from this as the high-productivity firm is willing to hire them with the hope
that they are a worker without future caregiving responsibilities. On the other hand,

men without caregiving responsibilities are worse off.
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We see that non-caregiving women are worse off compared to the first-best equilibrium.
The reason for this is that caregiving women exert a negative externality on them.
As firms cannot tell that a woman does not have future caregiving probabilities with
certainty, they will have to make a judgment based on the probability only conditional
on gender. As women are more likely than men to face caregiving responsibilities,
the women without will therefore appear, under asymmetric information, to be a worse
investment for the initial training cost than a man with caregiving responsibilities. This
inefficiency trivially does not arise in a first-best. Women without future caregiving
responsibilities would therefore benefit if they could more easily signal this or if firms

could better screen.

3.8 Conclusion

This paper demonstrates that hiring discrimination against women can arise in environ-
ments characterized by imperfect information, wherein firms are unable to distinguish
between workers with caregiving responsibilities and those without. Discrimination
emerges exr ante, i.e. prior to the birth of a child, if firms hold the belief that women
are more likely than men to assume primary caregiving roles. Consequently, even women
without caregiving responsibilities may be excluded from positions involving substantial
upfront training investments, despite being optimal candidates in a first-best equilib-
rium with full information. The problem stems from the fact that prospective caregivers
initially mimic the behavior of non-caregivers, thereby rendering it impossible for firms

to differentiate between the two types.
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Appendices

3.A Proofs

Proof of Proposition 3.6.1. By contradiction. Assume that there exists a pooling equilibrium
where the firm offers only one contract to the workers. Consider first the case where this

contract offers some positive level of flexibility f > 0.

Necessarily, this contract must offer a wage that is less than 0, to yield non-negative profits.
This cannot be an equilibrium as it would be possible to offer another contract with f = 0
and w’ = w + €. For € chosen sufficiently small this contract will provide the firms with pos-
itive profits. The workers that do not value flexibility will trivially prefer this zero-flexibility
contract to the other one. Hence, it is not feasible to have a contract in a pooling equilibrium

that delivers f > 0.

Assume for now that there exists a pooling equilibrium where the firm offers the following
contract (w, f) = (01,0). It would be possible to offer a contract that offers slightly more
flexibility. The benefit would be that the firm could offer the wage

w =w— BAf

and the marginal cost for doing this would be

or

—w(Af) =af(Af)

where for f small enough this is less than S(Af).
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Hence, there cannot exist a pooling equilibrium with f = 0 as it would be possible for the firm

to offer an alternative contract that would yield positive profits. O

Proof of Proposition 3.6.2. Given that firms have to pay the same wage to men and women,
they will need to base the contract on the average probability that a worker leaves the firm.
But then firms would have an incentive to discriminate in hiring rates against women. A firm
employing a man would then make positive profits while a firm employing a woman would
make a negative profit. The unique equilibrium is that the firm proposes the wage based on

the probability that a man leaves

K

2—m

w =0 —

and it employs all the men that apply to the job. It will decide to refuse all the women that

apply as hiring them would cause negative profits. O
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