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Introduction

This thesis consists of three research projects on different topics connected to taxa-
tion. More specifically, the first chapter is about the impact of heterogeneous beliefs
on financial crises and how corrective taxation could increase welfare in this setting.
The second chapter focuses on income tax reforms in Prussia. It can be argued that
some of the used taxes were non-distortionary and can therefore yield new insights in
efficient taxation. The third chapter provides an overview of different factors influenc-
ing people’s willingness to pay taxes, with a focus on regional identity. This allows to
evaluate if centralized or decentralized fiscal systems yield higher welfare. These three
chapters therefore shed some light on corrective taxation, optimal income taxation and

decentralization of fiscal systems.

Chapter 1, which is joint work with Florian Schuster and Jonas Zdrzalek, contributes
to the literature on systemic risk. This topic has been studied a lot after the financial
crisis. For example Davila and Korinek (2018) or Jeanne and Korinek (2020) figure out
optimal policy in a model with financial amplification. We set up a similar model by
adding heterogeneity in beliefs across the population concerning the future state of the
world.

Specifically, the model contains a price-dependent collateral constraint on borrowing.
Individuals do not internalize that their decisions can have an impact on the collateral
price and therefore influence their own borrowing capacities as well as the ones of
others. This pecuniary externality gives rise to a financial amplification mechanism: A
lower collateral price leads to tighter borrowing constraints. This forces people to sell
the collateral, yielding, again, a decrease in collateral price. Agents can differ in their
perceived probability distribution of future collateral values. This allows to distinguish
relatively more optimistic from relatively more pessimistic individuals and to measure
the contribution to systemic risk by different financial market participants.

A competitive equilibrium as well as a constrained social planner’s allocation is de-
scribed. We show the impact of belief heterogeneity in this setting. Furthermore, we

show that welfare improvements are possible and we characterize the optimal corrective
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tax policy.

This analysis yields three main results. First, the likelihood and the extent of finan-
cial distress is higher in an economy with heterogeneous beliefs compared to one with
homogeneous beliefs. Second, we find an asymmetry concerning individuals’ contribu-
tions to financial distress. More optimistic agents have a stronger impact compared
to more pessimistic ones. Third, we show that a constrained social planner is able to
improve welfare using a non-linear Pigouvian tax system, even if the agent’s beliefs
are private information. In a numerical application, we can show that this tax system

yields welfare gains and reduces the probability of financial distress.

Chapter 2 focuses on Prussian income tax reforms and traces the way to a modern
comprehensive income tax. During these reforms, certain taxes, that had attractive fea-
tures from a modern tax theory perspective, were used and abolished after some years.
For example, Prussia used lump sum taxes. These taxes do not change individuals’
work incentives and thus imply fewer distortions compared to a comprehensive income
tax. Lump sum taxes are especially useful if they differ based on individual charac-
teristics that cannot easily be change, but are correlated with ability. This concept is
called tagging and allows redistribution without distortions.

In 19th century Prussia, a so-called class tax was introduced. People were taxed
depending on which social class they belonged to. It is an example of tagging, as social
classes can be assumed to be correlated with abilities. After some decades, several
reforms replaced the class tax by a comprehensive income tax. Thus, Prussia did no
longer use lump sum taxes and tagging in this context. But why should they abolish
instruments that seem to be efficient from today’s perspective?

Most of the Prussian reforms were intended to increase tax revenue. Chapter 2
focuses on this aim and checks if it can explain the different Prussian tax reforms and
especially the final abolition of the class tax. A model based on Diamond (1998) is
used to evaluate the potential tax revenue due to the different reforms. This setup also
allows statements concerning the political feasibility of the reforms.

It is shown that Prussian tax reforms increased potential tax revenue even though
some appealing features were given up. All reforms can be supported by a majority.
In this context, the special Prussian three-class franchise is taken into account. This
system connects voting rights to tax payments. Thus, a majority of population is not
necessarily the same as a majority of voting power. However, the reforms can be feasible
in both cases. Historical data confirm these results and show that most reforms are
indeed revenue increasing and political feasible.

Concerning the abolition of tagging, there are hints that the correlation between social
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class and ability became weaker over time. Thus, chapter 2 discusses the link between
this correlation and the gain of tagging. It is proofed formally that a diminishing
correlation results in a decreasing benefit from tagging. At some point the negative
aspects of tagging, like considerations of justice, can no longer be outweighed. Hence,

its abolition can be a consequence.

Chapter 3, which is joint work with Anna Kremer, focuses on the connection of tax
morale and the design of tax systems. Some countries use a centralized fiscal system
while others use a decentralized one. It basically means that taxes are collected and
allocated by a national or a subnational government, respectively.

There is a broad literature on the question of decentralization. A well-known result
is the theorem of Oates (1972). It claims that a decentralized system better fits in-
dividuals’ preferences, while a centralized one implies lower costs due to scale effects.
Depending on the size of these effects, one or the other system should be preferred.

However, matching preferences better is not the only advantage of a decentralized
system. For example, there is also a positive impact on tax morale (Giith et al., 2005).
This mechanism is obviously relevant to make a decision in favor of a decentralized or
a centralized system. Thus, the theorem of Oates (1972) is reevaluated in this chapter
taking this channel into account.

Apart from the degree of centralization, various other factors can influence the tax
morale of individuals. For example, their national identity plays a role (Konrad and
Qari, 2012). This could as well be the case for a more regional identity, which in
turn could interact with the impact of a decentralized system on tax morale. If a
decentralized system is more in line with local preferences, people with a strong local
identity may particularly appreciate it, leading to higher tax morale.

A stylized model is used to analyze these effects from a theoretical perspective. This
allows to compare individuals’ utilities and tax morale in a centralized and a decentral-
ized system. Furthermore, it is possible to compare this framework to the one of Oates
(1972) and identify parameter ranges for which the latter would suggest a centralized
system, while a decentralized one would be better taking tax morale into account.

These theoretical considerations are followed by an empirical analysis. Using survey
data of the European Value Study and the World Value Survey, the impact of decen-
tralization and place identity on tax morale are quantified. For both, the impact is
significantly positive. This is true no matter if local, regional or national identity is
taken into account. However, local identity has numerically the largest impact. The
interaction of place identity and decentralization is negative. Thus, the impact of place

identity on tax morale is larger in a centralized system. This could be explained, among
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others, by scale effects.
Combining the theoretical and the empirical analysis, the model is calibrated for the
example of Germany. It shows that a decentralized system yields a higher welfare in

this country compared to a centralized one.
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Chapter 1

How Heterogeneous Beliefs Trigger

Financial Crises

By Florian Schuster, Marco Wysietzki and Jonas Zdrzalek

Abstract

We present a theoretical framework to characterize how financial market
participants contribute to systemic risk, allowing us to derive optimal corrective
policy interventions. To that end, we embed belief heterogeneity in a model
of frictional financial markets. We document the asymmetry that, by their
behavior, relatively more optimistic agents contribute more strongly to financial
distress than more pessimistic agents do. We further show that financial distress
is generally more likely in an economy whose agents hold heterogeneous rather
than homogeneous beliefs. Based on these findings, we propose a system of
non-linear Pigouvian taxes as the optimal corrective policy, which proves to gen-

erate considerable welfare gains over the linear policy advocated by former studies.
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1.1 Introduction

Systemic risk has been well studied since the global financial crisis. An important
question remains yet to be explored: How can individual financial market participants’
contributions to system-wide financial distress be measured, and how can they be ad-
dressed accordingly by Pigouvian policies?

The literature has provided valuable insights into the matter of measuring systemic
risk. In particular, various approaches to specifying the financial system’s exposure to
certain institutions’ risk taking have been suggested (Acharya et al., 2012; Adrian and
Brunnermeier, 2016; Acharya et al., 2017). However, they cannot causally attribute
the extent to which individual financial decisions, and the resulting marginal effects on
market prices, contribute to systemic distress. Corrective policies thus lack a basis to
be designed on.

In this paper, we build a theoretical framework to analyze contributions to systemic
risk and optimal corrective policy interventions. We augment established models of
financial frictions by heterogeneity of beliefs across the population, giving rise to dif-
ferentiated risk taking in financial decisions. The latter are observable, so we may
characterize distress contributions explicitly.

We find that economic agents make asymmetric contributions to financial distress,
with more optimistic agents making larger contributions than pessimistic agents. We
further show that financial distress is generally more likely in an economy whose agents
hold heterogeneous rather than homogeneous and rational beliefs. The optimal pol-
icy we propose is a system of non-linear Pigouvian taxes, which proves to generate
considerable welfare gains over the linear policy advocated by previous studies.

To the best of our knowledge, we are the first to combine a model of frictional fi-
nancial markets with belief heterogeneity embedded in a single framework. Specifically,
our model incorporates a price-dependent collateral constraint on borrowing. It intro-
duces a pecuniary externalitiy, as economic agents do not internalize that their decisions
mutually affect their borrowing capacities, which, in turn, establishes a financial ampli-
fication mechanism. Agents may hold heterogeneous beliefs in the sense of perceiving
differentiated probability distributions over the future state of the world. This setup
allows us to distinguish relatively more optimistic from pessimistic individuals.

We use this model to analyze the interaction of the financial friction and belief het-
erogeneity. First, we characterize how the latter impacts the probability of distress
in the competitive equilibrium, as well as the equilibrium allocation, collateral prices,
and externalities. We then perform an efficiency analysis, showing how a constrained

social planner can attain a welfare improvement compared to the competitive equilib-
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rium. We characterize her optimal corrective policies numerically, and evaluate how
they influence social welfare and the probability of financial distress.

The analysis produces three key results. First, we find an asymmetry between opti-
mistic and pessimistic agents’ contributions to financial distress, attributing a stronger
impact to the former. Moreover, optimistic agents prove to put downward pressure
on collateral prices, tightening financial constraints. Under reasonable assumptions on
the distribution of beliefs across the population, we conclude that belief heterogeneity
precipitates financial distress.

Second, we show that, compared to an economy where agents hold a homogeneous
and rational belief, belief heterogeneity raises the likelihood of financial distress. The
reason is that, for collateral constraints to be binding, no sharp exogeneous shock to
aggregate investment or net worth is required. Such a shock is typically assumed in the
literature. Instead, it suffices that some agents’ beliefs deviate from the ex post state
of the world.

Third, we prove that, even though beliefs are agents’ private information, a con-
strained social planner is able to establish a welfare improvement by means of a non-
linear Pigouvian tax system. Our policy proposal contrasts the linear Pigouvian taxa-
tion proposed by previous studies. We provide numerical applications suggesting that
our non-linear approach produces welfare gains relative to linear policies, and reduces
the probability of financial distress.

This paper makes several important contributions. It provides a formal framework
which can be used for further analyses of financial amplification mechanisms in en-
vironments where economic agents do not have rational expectations, but potentially
feature heterogeneous beliefs. This helps to explicitly characterize how different mar-
ket participants contribute to financial crises. Moreover, this lays the ground for an
optimal design of prudential policies. Policy proposals not accounting for belief diver-
gences might have only limited success if beliefs vary widely across financial market
participants, as they cannot account for their respective contributions to systemic risk.
This is particularly relevant during different phases of the business cycle, as investors’
beliefs prove to fluctuate and diverge largely between booms and busts (Aliber and
Kindleberger, 2015; Minsky, 1986; Kaplan et al., 2020; Mian and Sufi, 2022).

The remainder of this paper is organized as follows. We review the related literature
in section 1.2. Section 1.3 develops the baseline model, and analyzes the competitive
equilibrium. In section 1.4, we describe the externalities present in our model, derive
optimal corrective policies, and perform normative analyses numerically. We provide

some final remarks in section 1.5.
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1.2 Related Literature

Financial amplification and pecuniary externalities. Our model combines two
strands of literature. First, it relates to the literature on financial amplification, in-
cluding studies of pecuniary externalities in particular. This literature originates from
Fisher (1933), and was extended by analyses of borrowing constraints and their effects
on asset prices by Bernanke and Gertler (1990), Shleifer and Vishny (1992), Kiyotaki
and Moore (1997), Brunnermeier and Pedersen (2009), and Acharya et al. (2011). Hart
(1975) and Stiglitz (1982) moreover prove the presence of pecuniary externalities in
incomplete markets.!

Welfare implications of pecuniary externalities are examined in Gromb and Vayanos
(2002), Caballero and Krishnamurthy (2003), Lorenzoni (2008), and Caballero and
Lorenzoni (2014). While these papers focus on externalities affecting borrowers’ net
worth, Jeanne and Korinek (2010), Bianchi (2011), Bianchi and Mendoza (2018), Dévila
and Korinek (2018), and Jeanne and Korinek (2019) explore the collateral channel of
financial amplification that can lead to financial crises. Since we are modeling exter-
nalities equivalently, we adopt their terminology and basic model structure.

Furthermore, we derive optimal corrective policies implemented by a a constrained
social planner, referring to the early contributions of Stiglitz (1982) and Geanakoplos
and Polemarchakis (1986). The policy maker in our model applies an ex-ante Pigouvian
tax along the lines of Jeanne and Korinek (2010), Davila and Korinek (2018), Jeanne
and Korinek (2019), and Jeanne and Korinek (2020).2

In the domain of the aforementioned literature on financial market externalities, this
paper links to articles that focus on defining measures of systemic risk. Notably, Adrian
and Brunnermeier (2016) propose ACoV ar, a measure capturing the interdependences
between specific financial institutions and the entire financial system. Furthermore,
Acharya et al. (2012) and Acharya et al. (2017) model individual institutions’ exposure
to financial crises. For an overview of quantitative measures of systemic risk, see Bisias
et al. (2012).

Macroeconomic perspectives on belief heterogeneity. The second strand of the
literature relates to macroeconomic perspectives on belief heterogeneity. The idea of
belief heterogeneity shaping market outcomes was pioneered by Keynes (1936), Minsky
(1977), and Aliber and Kindleberger (2015). Since then, the literature has provided

1For survey articles, see Shleifer and Vishny (2011) and Brunnermeier and Oehmke (2013).

2The social planner in our model has an instrument at hand which could be interpreted as a financial
transaction tax. So the interested reader is referred to the literature on financial transaction taxes
initiated by Tobin (1978), and extended by Summers and Summers (1989) and Stiglitz (1989).
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evidence that belief heterogeneity is relevant for asset prices and market volatility, in
particular during the recent financial crisis (Harrison and Kreps, 1978; Scheinkman and
Xiong, 2003; Reinhart and Rogoff, 2008; Simsek, 2013; Cheng et al., 2014; Gennaioli
and Shleifer, 2018; Adam and Nagel, 2022).

As in all normative studies involving heterogeneity of beliefs, we face the challenge
of how to aggregate welfare properly. Several approaches have been suggested, such as
the welfare criteria put forth by Gilboa et al. (2014), Gayer et al. (2014), Brunnermeier
et al. (2014), Blume et al. (2018), and Kim and Kim (2021).

Prior research has already combined the two strands of literature, particularly in the
context of heterogeneous beliefs and leveraged speculation.? Geanakoplos (1996) was
the first to model a general equilibrium with endogenous collateral constraints and het-
erogeneous beliefs, which was further developed in subsequent studies (Geanakoplos,
2003, 2010), showing that heterogeneity of beliefs fosters credit and leverage cycles.

Simsek (2013) generalizes the framework, and focuses on various degrees of heterogene-

ity.

Belief heterogeneity and business cycles. Furthermore, our analysis is associated
with the literature on business cycles. In particular, we refer to the role of beliefs in
booms and busts. Minsky (1977, 1986) and Aliber and Kindleberger (2015) show how
asset price booms are linked to increasing optimism. Rising asset prices create states
of 'mania’ in which investors are overly optimistic and hold the asset as they strongly
believe that prices will continue to rise. Adam et al. (2017) argue that shifts in investors
beliefs about future capital gains are highly relevant in explaining cyclical asset price
fluctuations. Kaplan et al. (2020) show that such shifts were the driving force of the
house-price boom prior to the global financial crisis. Moreover, Mian and Sufi (2022)
elaborate on how important increasing divergence of beliefs was in the build-up of the

house price boom prior to the 2007-2008 financial crisis.

Methodological approach. Lastly, our investigation of comparative statics with
respect to the economy’s belief structure closely relates to Déavila and Walther (2023),
who study optimal leverage policies in response to changing beliefs. We follow their
approach of applying methods from the calculus of variation to equilibrium variables

under belief heterogeneity:.

3Xiong (2013) and Simsek (2021) review the literature on asset trading driven by heterogeneous
beliefs in great detail.

10
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1.3 Model

The aim of this chapter is to explore financial amplification mechanisms in an environ-
ment where agents hold heterogeneous beliefs about the future. To that end, we set
up a model featuring frictional financial markets, and enrich it by belief heterogeneity
across agents. We derive the competitive equilibrium of this economy, and study how it
is impacted by variations in beliefs. The framework allows us to distinguish the respec-
tive contributions of optimistic and pessimistic agents to financial amplification, and to
evaluate the probability of distress in economies with different belief structures. Our

results lay the ground for the study of optimal Pigouvian policies in the next section.

1.3.1 Setup

We develop a model of a small open economy with three periods ¢t = 0, 1,2, and two
classes of agents, called lenders and investors. Lenders trade debt securities with in-
vestors, or save in a zero return storage technology. The interest rate is exogeneous and
normalized to zero for simplicity, and lenders are assumed to be risk-neutral.

Investors are divided into J groups indexed by j € {1,...J}, each of which consists
of a continuum of investors. Each group has a population share s/, that is common
knowledge, and derives utility from a single consumption good CZ according to a concave
and strictly increasing utility function u (CZ ) Population shares are collected in the
vector s = {sj}je{L_“J}.

In t = 0, investors receive an endowment e > 0, as well as an initial amount of assets
a > 0. They can borrow or save d% to finance consumption, and to further invest into
aé units of the asset.® The asset is traded at a price gy, and exists in fixed supply.

In ¢ = 1, financial investment pays off an a priori uncertain dividend R € [E,m,
which different groups of investors hold specific beliefs about. After all uncertainty has
been resolved at the beginning of the period, investors repay former debt dg, issue new
debt d{, and trade again, purchasing or liquidating l{ claims on the asset at price ¢;.

Debt issuance in ¢t = 1 is restricted by a borrowing constraint
& < gy (af — 1) .

The constraint implies that investors borrow against their asset position at the end of

the period.?

4Lenders’ endowment is assumed to make the supply of debt securities perfectly elastic to demand.
That is, all investors’ borrowing preferences can be satisfied by assumption. This includes the possi-
bility of savings dj < 0.

°To rationalize this constraint, we adopt the mechanism suggested by Jeanne and Korinek (2019).

11
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In t = 2, net of claims aé — I/ materializes and debt d must be repaid, determining
final consumption ¢

Our model features two important components. First, financial markets exhibit a
friction, captured by the the borrowing constraint. It incorporates a financial amplifi-
cation mechanism within our framework, and results in a pecuniary externality. Second,

we allow investors to hold different beliefs about the asset pay-off R.

Definition 1. Let F(R) be the true cumulative distribution function (cdf) of R, and
FI(R) be the cdf perceived by type-j investors. We refer to heterogeneous beliefs if each
type of investors j perceives an idiosyncratic distribution of R, i.e. F'(R) # FI(R)
for all i # j. We refer to homogeneous beliefs if all types of investors have rational
expectations, i.e. F/(R) = F(R) for all j.

The vector F = {F/(R)} jeq1,...sy characterizes the complete set of beliefs existing in
the economy, which is publicly known. Beliefs are distributed discretely across types,

so each cdf F7(R) appears with frequency s.

1.3.2 Competitive Equilibrium

To derive the competitive equilibrium, we first conduct individual optimization back-
wards from t = 2 to t = 0. We distinguish between state variables of type-j individuals,

ie. {a{), d{)}, and aggregate state variables of group 7, denoted by {EL{), J‘é}

Optimization in t =1,2. The optimization problem of type-j investors in t = 1

reads

Vi (aé,déldo,cfo) = max u(dq)+u(g) st
c{,c%,d{,l{ﬁaé

(M) o = Ra)+ qil{ +d] — df (1.1)
(M) d=aj—l—-d 1.2
(M) di <o (af—1), (1.3)

The constraint bases on the presumption that investors lack commitment to repay. When investors
renegotiate debt obligations, they make a take-it-or-leave-it offer in order to lower the amount of
outstanding debt. If lenders reject the offer, they may seize a fraction ¢ of investors’ assets and
sell it at the prevailing market price. Lenders will hence accept the offer provided the repayment
exceeds the current market value of seizable positions. This being said, we may assume without loss
of generality that default and renegotiations never occur in equilibrium. One could further consider a
similar restriction of debt issuance in period ¢ = 0, which we neglect on the grounds that there is no
role for macroprudential interventions in that period. Binding borrowing constraints in ¢ = 0 would
limit the set of cases when the period-1 constraint is binding, however without altering the results of
our analysis, which focuses on situations within this set.
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where investors take group-wide aggregate states ag = {&{)}je .. and dy =

{J{)} —_— as given because they affect the equilibrium asset price ¢;. Let A} and X}
J yeen

be the Lagrange multipliers for the budget constraints (1.1) and (1.2), respectively, and

1l for the borrowing constraint (1.3).

This problem produces the following Euler equations for each j:

u () =] = (d)) (1.4)
q' () = mloq = ' (d)), (1.5)

jointly yielding equilibrium price equations

u' (d
¢ = , () , (1.6)
(1= o) (c) + ¢v (2)
for each j.
Optimization in t = 0. In ¢ =0, the optimization of a type-j investor is
‘max u(cé) + E7 [Vlj (aé,dﬂdo,doﬂ s.t.
0,2 0,dy
(M) d=e+di+q(@—ap), (1.7)

where the expectation operator is indexed by j, capturing potentially differing beliefs,
and )\% denotes the Lagrange multiplier for the period-0 budget constraint. Eliminating

Lagrange multipliers, we obtain the following two optimality conditions:

B[R (¢]) + () + i) (1)
W () = B [l ()] (1.9)

[R—

Equilibrium. In equilibrium, the asset market is cleared in both periods t = 0 and

t = 1, formalized by the conditions
J .
Y sa)=a (1.10)
j=1
and

J .
Y s =0 (1.11)
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Complementing the optimality conditions derived thus far, they complete the set of
equilibrium conditions. In a symmetric equilibrium, investors are identical within each

group j, i.e. a7 = & for all j with = € {¢,a,d,l,\,n}. We may thus define the

symmetric competitive equilibrium as follows.

Definition 2. A competitive  equilibrium  consists  of an  allocation

(.8, e df, 01, )
je{l,..J}

prices {qo, 1}, satisfying equations (1.1), (1.2), (1.4), (1.5), (1.7), (1.8), (1.9), and a

complementary slackness condition for all 7, as well as the market clearing conditions

, a sequence of multipliers n = {ﬁ{}je{l gy and

(1.10) and (1.11), given population shares s and beliefs F.

The competitive equilibrium reflects the two main components of our model: the
financial friction and potential belief disagreements. The financial friction introduces a
wedge between market prices of the asset as well as debt, and investors’ marginal rates
of substitution across periods. The wedge is formally represented by the multiplier ﬁ{
that appears in equations (1.4), (1.5), and (1.8). In the latter two equations, the term
77{ ¢q, captures the collateral premium of the asset, as each additional unit of dé and i{
relaxes the constraint.

To highlight the impact of belief heterogeneity, we compare the competitive equilib-
rium under heterogeneous and homogeneous beliefs. If investors have heterogeneous
expectations of the return R, they evaluate expected marginal benefits of investment
and borrowing differently. Formally, group-specific expectation operators E’ apply in
the Euler equations (1.8) and (1.9), resulting in group-specific values of @, dJ, and of
the shadow price of borrowing 7).

If, in contrast, investors hold a homogeneous belief, their marginal rates of substi-
tution are identical, as is the shadow value of borrowing. Importantly, intertemporal
substitution in this case is only possible through debt or savings CE The reason is that
investors do not trade in excess of the initial asset endowment neither in ¢ = 0 nor in
t=1,1e. a)=aand [ =0 for all j.

In the following, we restrict the set of equilibria taken into account in the analysis.
Since we are only interested in situations when financial distress occurs, the model
parameters, comprising risk aversion A, beliefs F, the realized return R, as well as
the margin requirement ¢, must satisfy that, in equilibrium, the asset is traded and

constraints are binding (77 > 0).6

Period-1 equilibrium price. Given its impact on the borrowing constraint, the

equilibrium collateral price ¢ is a key variable in our model. We show its existence and

6We make parameter restrictions explicit in the derivations of our results, provided in the appendix.
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uniqueness, and how it interacts with the multiplier of the borrowing constraint.
Proposition 1.
(i) The equilibrium price q, exists.

(i1) If at least one type of investors j receives a return as expected or higher, i.e.
FE’[R] < R for at least one 5 and any realization R of R, the equilibrium price is

unique, satisfying g1 < 1, and the following two equivalences hold:

(1) ¢ =1 iff iff = 0 for all j
(2) qu < 1iff il > 0 for at least one j.

Proposition 1 first states that the equilibrium exists. Second, assuming that there
is positive demand because at least one type makes a profit from investment, it claims
that the equilibrium price is unique, and characterizes its relation with the borrowing
constraint.” The constraint is binding at a price smaller than 1, but slack if ¢; = 1. At
this price, investors are indifferent between purchasing or selling claims.

The two equivalences in part (ii) of Proposition 1 formalize this indifference property.
They imply that either all or none of the investors are constrained by the borrowing
limit. It is sufficient that only one group of investors is forced to liquidate claims on
the market, i.e. Z{ > 0, to reduce the price ¢; to a level below one. This deflation either
constrains other investors via a tighter borrowing limit, or it gives them a pecuniary
incentive to issue as much debt as possible. They do so to purchase additional claims,
i.e. 17 < 0. To see this, recall the budget constraints (1.1) and (1.2), and note that,
provided ¢; < 1, every purchased unit of claims offers a positive return 1 — ¢ > 0
in the final period. Hence, in order to transfer funds to t = 2, solvent investors prefer
additional investment Z{ < 0 over savings CZ{ < 0. For a price q; = 1, they are indifferent

between both ways of intertemporal substitution.®

1.3.3 Equilibrium Effects of Variations in Beliefs

In this section, we analyze how variations in beliefs affect the allocation and prices in

the competitive equilibrium. We show how the two main ingredients of our model,

"However, the equilibrium price exists even if demand is zero, as this scenario corresponds to
all investors being bankrupt, and infinitely many prices satisfy the Walrasian equilibrium definition.
Abstracting from this case, we focus on equilibria with positive demand, which turn out to be uniquely
determined.

8Formally, one of the Euler equations (1.4) and (1.5) is redundant in the unconstrained case, i.e. if
¢ = 1 and 7] = 0 for all j. Intuitively, investors are indifferent between the instruments IN{ and (ijl,
given that both promise a zero net return. We assume without loss of generality that there is no trade

in the unconstrained economy, i.e. l{ =0 for all j.
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the financial friction and heterogeneity of beliefs, interact. The results of this com-
parative statics exercise allow us to specify how different types contribute to financial
amplification, and how belief heterogeneity affects the overall probability of financial
distress.

To keep the model tractable, we henceforth impose the following assumption without

further mention.

Assumption 1. Investors have exponential preferences of the form u(CZ) =

—exp (—ACZ), where absolute risk aversion A = _wld) is constant (CARA).°

()

The assumption that absolute risk aversion is constant is useful to simplify the com-
parative statics analysis below.

We start out by examining the effect of changes in period-0 variables on the equi-
librium price in ¢ = 1, before analyzing how belief variations impact the equilibrium
values of investment and borrowing in period ¢ = 0. Note that the period-1 equilibrium
price ¢; is no direct function of beliefs F, but only through period-0 choices a, (F) and
do (F),ie. 1 =aq (&0 (F) . do (F )) Thus, this two-step procedure allows us to elabo-
rate the relationship between the set of beliefs in the economy and the equilibrium price
q1, which defines the tightness of the borrowing constraint, and measures the extent of

financial distress.

Period-0 allocation and the equilibrium price. Proposition 2 states how the

equilibrium price ¢; is linked to period-0 levels of investment and debt.
Proposition 2.

(i) If investors hold heterogeneous beliefs F, the period-1 equilibrium price g is de-
creasing with period-0 investment and borrowing, i.e., for all j,

0 0
£<0and—q~;<0.

oal od?
(i1) If investors hold the homogeneous belief F(R), the period-1 equilibrium price ¢ is

decreasing with period-0 borrowing, i.e.

90
dd,

9For expositional reasons, we continue using the general notation u (cg)

< 0.
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Proposition 2 states that more investment and borrowing in period ¢ = 0 have a
diminishing effect on the future equilibrium asset price. While the former is irrelevant
in the homogeneous case, where trade does not occur, the negative effect of borrowing
persists.

The two effects work through different channels, illustrated by the budget constraints
(1.1) and (1.2). First, investment in & increases period-2 consumption & one-to-one,
while 6{ rises with factor B. Thus, in a sufficiently adverse state, satisfying R < 1,
consumption in the last period 6; increases by more in response to investment than
6{. To smooth consumption, investors redistribute resources from ¢t = 2 to t = 1 by
liquidating l~{ units of their asset position (or purchasing less additional units). Second,
higher indebtedness J{) reduces the initial period-1 wealth f%&g - cié, raising the risk
of being constrained and forced to liquidate a fraction of the portfolio. Both channels
result in a higher supply (and a lower demand) of claims, which, in turn, reduce the

equilibrium price ¢;.

Beliefs and the period-0 allocation. We now turn to the relationship between
investment @ () and borrowing do (F) and investors’ beliefs F. To that end, we em-
ploy methods from the calculus of variation. We adopt the following procedure, that
was first applied to heterogeneous belief environments by Davila and Walther (2023).
Recall that type-j investors’ beliefs are characterized by the perceived distribution of R
with cdf FY(R). Consider a perturbation to beliefs of the form F’(R) + e¢G’(R), where
¢ > 0 is an arbitrary number, and G7(R) captures the direction of the perturbation.
FI(R)+€eG’(R) is required to be a valid cdf for small enough ¢, so we assume it is contin-
uous and differentiable, satisfies G (R) = G (R) = 0, and 9 (F/(R) + ¢G'(R)) /OR > 0
for sufficiently small e.

This setup allows us to specify the concepts of optimism and pessimism. These terms
are defined relative to each other in the sense of first-order stochastic dominance. A
perturbation G’(R) makes type-j investors more optimistic if and only if it satisfies
FI(R) + eG’(R) < FI(R) for all R. Tt is easy to see that a more optimistic belief
requires the perturbation to have a non-positive direction, i.e. G7(R) < 0 for all R.
Analogously, investors of type j are made more pessimistic through a perturbation with
direction G?(R) > 0 for all R. Intuitively, investors are more optimistic if they assign
lower probabilities than pessimists to low returns, so their cdf is shifted downwards.*°

Using this technique, we show how a variation of a type’s belief alters its individual

10Tp the case of investors holding homogeneous beliefs, a perturbation implies a variation of the true
distribution F(R).
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choices of investment and debt issuance. The corresponding functional derivatives are

0@ .o od,
mG andm-G,

where 6 denotes the operator for functional derivatives. Proposition 3 summarizes the

results.
Proposition 3.

(i) Let investors hold heterogeneous beliefs F, and let G7(R) be the direction of a per-
turbation of type-j investors’ belief F(R). More optimistic (pessimistic) investors

invest and borrow more (less), i.e.

0y ;)20 GR)<0 o ody ;)20 GU(R)<
J

<0 0
OFJ <0, GIR) >0  OF <0, GIR) >0

(i1) Let investors hold the homogeneous belief F'(R), and let G(R) be the direction of
a perturbation. The more optimistic (pessimistic) the homogeneous belief is, the

more (less) investors borrow, i.e.

ad, >
N a
oF <0, G(R)>

The essential insight from Proposition 3 is that investment and borrowing are mono-
tonic functions of beliefs. The more optimistic a group of investors is, the more it
invests into the asset, and the more debt it issues. The opposite holds true for more
pessimistic groups. If investors are homogeneous, only borrowing responds to variations

in beliefs, while the asset is not traded.

Beliefs and the equilibrium price. Combining the results from Propositions 2 and
3, we describe how behavioral responses of investors to changes in beliefs F impact the
period-1 equilibrium price ¢; (ELO (F) . do (F )) in Theorem 1.

Theorem 1.
(i) Let investors hold heterogeneous beliefs JF.
(1) Let further G'(R) be the direction of a perturbation of type-j investors’ belief

FI(R), and beliefs F'(R) be constant for all i # j. If the perturbation makes
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investors of type j more optimistic (pessimistic), the period-1 equilibrium

price q1 is lower (higher), i.e.

OF7 >0, G/(R)>

(2) Let further G'(R) < 0 < G(R) with |G/(R)| = |G(R)| for all R be the direc-
tions of two perturbations that make investors of type 7 more optimistic, and
inwvestors of type i more pessimistic by the same magnitude. The behavioral
responses to the perturbation with direction G’(R) have a stronger impact on
the period-1 equilibrium price q, than those of the perturbation with direction
G'(R), i.e.

dq1

@
0FJ ¢

-G

> 5Q1.
T |0F

(ii) Let investors hold the homogeneous belief F(R), and let G(R) be the direction of
a perturbation. If the perturbation makes investors more optimistic (pessimistic),

the period-1 equilibrium price ¢, is lower (higher), i.e.

5& <0
0L >0, G(R)>

Theorem 1 comprises the first set of key results of this paper. Part (i) characterizes
the relationship of ¢; and heterogeneous beliefs. The more optimistic investors are,
the lower the collateral price is in equilibrium. Conversely, if investors hold more
pessimistic beliefs, the equilibrium price is higher. This result originates from the two
monotonicities we have established in Propositions 2 and 3: ¢; responds monotonically
to period-0 investment and borrowing, which, in turn, are monotonically driven by
beliefs.

However, according to statement (2), the equilibrium price responds asymmetrically
to symmetric variations of beliefs. Consider the thought experiment of two distinct per-
turbations, one making investors of type j more optimistic, the other making investors
of type i more pessimistic, both to the very same extent. Formally, this is equivalent
to decreasing type j’s and increasing type ¢’s probability mass for each realization R
by the same amount. The statement argues that the perturbation to 5 dominates the
perturbation to ¢. Thus, the equilibrium price turns out to be lower. More precisely,
the perturbation to the optimistic type j exerts a downward effect that outweighs the

upward effect from the perturbation to the pessimistic type ¢, resulting in a lower equi-
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librium price. The asymmetry between optimistic and pessimistic investors’ influence
on ¢; is the main result of Theorem 1, which we will use to derive optimal corrective
policies in the following section.

Key to understand the asymmetry is the collateral constraint. By the two pertur-
bations, type-j investors become more optimistic, willing to invest and borrow more,
while type-i investors become more pessimistic, willing to invest less and save more.
Importantly, both types have the incentive to invest into the asset as collateral in ¢ = 1.
In ¢ = 0, this incentive amplifies type j’s willingness to extend investment, but it coun-
teracts type i’s willingness to reduce investment. Accordingly, it induces type j to
increase period-0 borrowing by more than type ¢ increases period-0 savings. Therefore,
when the constraint is binding in the following period t = 1, type-j investors’ supply
of liquidated claims will relatively exceed type-i investors’ demand, which can only be
equated for a lower equilibrium price ¢.

Part (i7) of Theorem 1 states that the former result holds true in the case of a
homogeneous belief as well. A lower equilibrium price will arise if the uniform belief is

more optimistic, and ¢; will be higher if it is more pessimistic.

Probability of financial distress. While Theorem 1 specifies how different types
of investors contribute to financial amplification, we finally evaluate how heterogeneity
affects the overall probability of financial distress. We apply the method proposed
by Dévila and Walther (2023) to prove that financial distress is more likely under
heterogeneous beliefs. The probability of financial distress is determined by the lowest

possible realization of R such that the constraints are slack.

Definition 3. Let Ri,, = min {ﬁf |77 =0 for all j} and R, = min {R | Th = 0} be
the lowest possible realizations of R such that the borrowing constraints are slack in the
competitive equilibrium if investors hold heterogeneous beliefs F or the homogeneous
belief F', respectively.

~

Definition 3 translates into the mappings R 1 (R) as ¢ serves as a measure of

financial distress, formally written as

=1 RzRZet =1 RzRZom
qi R R Or q N -
<1 R<R;, <1 R<R;,,

in the heterogeneous and the homogeneous case, respectively. Figure 1.1 portrays an

illustration of the two mappings.!!

HFjigure 1.1 is based on the numerical application provided in section 1.4.4.
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Price ¢

R R Rt R

“hom “het

R
Figure 1.1: Mapping from Rto q

Note: This figure shows the mapping from R to q1 for the two cases when investors hold
the homogeneous belief F/(R) or heterogeneous beliefs F, respectively. The solid line
refers to the homogeneous case, and the dashed line refers to the heterogeneous case.
R;,,, and R:,, are thresholds as defined in Definition 3. The assumptions underlying
this simulation are given in section 1.4.4.

We show that the threshold is lower if investors hold a homogeneous belief, compared

to a setting of heterogeneous beliefs varying around it.

Theorem 2. Consider two distinct populations with investors holding heterogeneous
beliefs F in one, and the homogeneous belief F'(R) in the other. If the homogeneous belief
is mot more optimistic than any other belief in the heterogeneous case, i.e. FI(R) <
F(R) for all R and at least one j, the probability of financial distress in the competitive
equilibrium s higher under heterogeneity than under homogeneity, which is equivalent

to
Rhet > Rhom

Theorem 2 constitutes the second key result of our analysis. In an environment of

heterogeneous beliefs, it is more likely that financial distress occurs. In general, it occurs
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whenever the realized return R is insufficient so that each investor could comply with

*
hom

her repayment obligations. If investors share a homogeneous belief, each R< Rr,  wil
constrain all investors. However, if beliefs are heterogeneous, it is enough that R is
too low for one group to make everyone’s borrowing constraint binding. In fact, under
heterogeneity, the threshold R;:et corresponds to the most optimistic type reaching the
constraint, as it has built up the highest exposure to low returns.

We find that the most optimistic type — and all other types with it — is financially
distressed even for higher returns compared to if they held a homogeneous belief. Con-
sequently, under heterogeneity, financial distress occurs in even more favorable states
of the world (as depicted in Figure 1.1), and is hence more likely. It rests on the
presumption that the most optimistic belief is sufficiently off the ex post realization.

Hence, Theorem 2 highlights that financial distress may have an additional source.
As is well known from the literature, a spiral of financial amplification can be initiated
by adverse shocks sufficiently strong to drive excessively borrowing agents towards the
constraint. Beyond that, we document that the dispersion of beliefs lays the ground
for another source of distress, namely that some agents’ beliefs deviate sufficiently from

the true shock distribution.

1.3.4 Discussion

In the previous section, we have shown that belief heterogeneity increases the probability
of financial distress, and how it affects the equilibrium collateral price. This price, in
turn, is the main determinant of the financial friction, as it governs the tightness or
slackness of the borrowing limit. Theorems 1 and 2 thus allow us to characterize the
interaction of the collateral constraint and belief divergence, and to specify how different
types of agents contribute to financial amplification. The mechanism emerging from
this interaction has two features.

The first property is that heterogeneity of beliefs raises the likelihood of financial
distress relative to the homogeneous benchmark. If investors have diverging expec-
tations of future returns ex ante, some of these will differ from ex post realizations,
which is sufficient to constrain all investors’ borrowing. In contrast, under the homoge-
neous benchmark, when investors have rational expectations, the constraint binds only
if the ex post realization is starkly adverse for all. Therefore, we conclude that belief
disagreements facilitate the triggering of financial amplification.

The second feature refers to different investors’ contributions to the financial am-
plification mechanism. Principally, during financial distress, optimistic and pessimistic

investors drive collateral prices in opposing directions, as the former tend to sell, and
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the latter tend to purchase. However, we find an asymmetry of their contributions,
attributing a larger impact to optimistic behavior. Hence, to distinguish the behavior
of borrowing constraints in the presence of heterogeneous beliefs from the homogeneous
benchmark, we must take into account how beliefs are distributed over the population.

We find that financial frictions are more severe under heterogeneity rather than ho-
mogeneity if the mean belief coincides with, or is more optimistic than the homogeneous
belief. This implies that, so long as the belief distribution is symmetric around the ho-
mogeneous belief, or skewed towards more optimistic beliefs, heterogeneity exacerbates
the financial amplification mechanism. The reason is that optimistic investors’ (nega-
tive) contribution more than outweighs pessimistic investors’ (positive) contribution.'?

Our approach to financial amplification goes beyond the existing literature. These
studies, presuming rational expectations, establish mechanisms where financial con-
straints bind in response to exogenous reductions of aggregate investment or aggregate
net worth (Bianchi, 2011; Dévila and Korinek, 2018; Jeanne and Korinek, 2020). We
extend this approach, and show that belief differences are sufficient to make such con-
straints binding. We may further quantify how market participants contribute to their
tightness on the micro level.

In the following section, we turn to the welfare implications of the interaction mech-
anism between heterogeneous beliefs and financial frictions, which we have established
hitherto.

1.4 Efficiency Analysis

We proceed by exploring the efficiency properties of our baseline economy. Given that
the borrowing constraint is price-dependent, investors are subject to a pecuniary ex-
ternality, as they do not internalize how their decisions affect other agents’ individual
welfare. We characterize these uninternalized welfare effects and their interplay with
belief heterogeneity in the following section. Subsequently, we derive the constrained-
efficient allocation as a welfare benchmark to contrast the competitive equilibrium, and

develop optimal corrective policies that allow to implement it. Lastly, we quantify the

12Belief heterogeneity may mitigate financial amplification compared to the homogeneous bench-
mark, on the contrary, provided that the distribution is sufficiently skewed towards more pessimistic
beliefs. The skewness would have to be large enough to reverse the relation of optimistic and pessimistic
investors’ influence on the collateral price. However, we argue that the presumption of a symmetric
distribution is likely to prevail in financial markets. A range of studies provides both empirical and
theoretical evidence that financial market participants’ beliefs are distributed symmetrically, if not
(close to) normally (Séderlind, 2009; Cvitanic and Malamud, 2011; Atmaz, 2014; Atmaz and Basak,
2016). Under this premise, extreme beliefs are either sufficiently improbable or counteracted by an
equiprobable set of contrasting beliefs.

23



How Heterogeneous Beliefs Trigger Financial Crises

welfare impact of such policy interventions numerically.

1.4.1 Uninternalized Welfare Effects

The collateral price ¢; links individual choices and utilities across investors in two ways.
First, it changes the value of investors’ budgets in t = 1. Second, it determines the
tightness of the borrowing constraints. Investors do not internalize these price effects.
We use the terminology of Dévila and Korinek (2018) of distributive and collateral

externalities.

Definition 4. The uninternalized effects of changes in any type j’s aggregate state

variables {&g, cié} on any t’s individual welfare in periods t = 1,2 can be written as

v .. o

L =MD, +7C
ol A al + nlCaé
a‘/li Yi i i i

where D', and DZZ]- are referred to as distributive externalities, and C'; and C’Cizj are
o 0 o 0
referred to as collateral externalities.

(i) If investors hold heterogeneous beliefs F, distributive externalities are given by

pi, = g
@ 9al
) 0aqq ~
DYy = LI,
' ad

and collateral externalities are given by

Cly = o (3 -1).
e = ¢§% (a 1)

(i) If investors hold the homogeneous belief F(R), distributive externalities are zero,

and collateral externalities are given by

L Oq1 _

Cao - gba_doav

oq1 _

C~ = Qp—=aq.
do ¢8d0
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Distributive effects describe the price-induced redistribution between trading agents,
altering their marginal rates of substitution. Collateral effects measure the price-
induced change in an agent’s capacity to borrow.

In an environment of heterogeneous beliefs, it turns out that, the more optimistic
investors are, the more likely it is that they will sell claims on the asset in t = 1
(I > 0). Accordingly, more pessimistic investors will more probably enter the market
as buyers (i{ < 0). The reason is that a group’s exposure to adverse states, reflected
by its position dg, is a monotonic function of beliefs (see Proposition 3). We use this
fact, as well as Proposition 2, to characterize the direction of distributive and collateral

externalities.
Proposition 4.

(i) If investors hold heterogeneous beliefs F, distributive externalities have a non-
positive sign for period-1-sellers, i.e. D', < 0 and szj < 0 if l~§ > 0, and a
o 0 -
non-negative sign for period-1-buyers, i.e. D', > 0 and Dsj >0l <0 If
o 0

investors hold the homogeneous belief F(R), distributive externalities are zero.

(i1) Collateral externalities have a non-positive sign for any type i of investors, and
irrespective of beliefs, i.e. C*; <0 and C’Cizj <0 for each 1.
o 0

Distributive externalities are signed reflective on the fact that a decline of the equilib-
rium price ¢; benefits buyers and harms sellers in ¢ = 1. Collateral externalities, in turn,
are unambiguously adverse to each type of agent, as more investment and borrowing
reduce the collateral value, cutting any investor’s borrowing capacity.

Ultimately, we evaluate the welfare implications of the interaction mechanism be-

tween beliefs and the equilibrium price ¢;, which we have established in Theorem 1.
Proposition 5.
(i) Let investors hold heterogeneous beliefs F.

(1) Let further G7(R) be the direction of a perturbation of type-j investors’ be-
lief FV(R), and beliefs F'(R) be constant for all i # j. If the perturbation
makes investors of type j more optimistic (pessimistic), both distributive and
collateral externalities of any type-i investor are larger (smaller) in absolute
value, i.e., for each i # j and x € {a,d},

oD, >0, Gy <o C,  [<o0 GiR) <0
> GY ' and —+ - G’ ' .
OF <0, GI(R)>0 OF >0, G'(R)>0
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(2) Let further GI(R) < 0 < G*(R) with |G’(R)| = |G*(R)| for all R be the di-
rections of two perturbations that make investors of type 7 more optimistic,
and investors of type k more pessimistic by the same magnitude. The un-
internalized welfare effects under the perturbation with direction G'(R) are

stronger than those under the perturbation with direction G*(R), i.e., for

each i # j, k and x € {a,d},

SDL | 6Dy | [6CL | |ech,
0 LW > 0, 0 . 0 . '
e O 2 e 9 e SE Z 5 ¢

(i1) Let investors hold the homogeneous belief F(R), and let G(R) be the direction of
a perturbation. If the perturbation makes investors more optimistic (pessimistic),

collateral externalities are larger (smaller) in absolute value, i.e., for x € {a,d}

- <
0Ca ] <
OF >0, G(R)>

Proposition 5 describes the welfare effects associated with the interaction of beliefs
and the equilibrium price ¢;. It states that more optimistic types exerting downward
pressure on the collateral price, due to large investment and borrowing, impose more
intense negative distributive externalities on sellers ([ﬁ > 0), and more intense positive
ones on buyers (I! < 0). In contrast, more pessimistic types’ choices have an increas-
ing impact on the collateral price, by this causing the reverse response of distributive
externalities.

By the same logic, collateral externalities, being non-positive in general, turn out
to be more or less pronounced in the case of more optimistic or pessimistic groups,
respectively. This result holds true analogously in the homogeneous case.

Importantly, the asymmetry between optimistic and pessimistic investors’ influence
on ¢ translates into asymmetric welfare effects, as we formalize in statement (2) of part
(7). Since the price responds more markedly to optimistic than pessimistic behavior,
the former further dominates in welfare terms. If the two groups j’s and k’s beliefs are
made more optimistic and pessimistic to the same extent, respectively, any further type
1’s group-wide welfare losses from j’s high investment and borrowing exceed the gains

from k’s precaution.
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1.4.2 Constrained Efficiency

Investors do not internalize the distributive or collateral side effects of their behavior
which materialize through the collateral price ¢;. These externalities render the com-
petitive equilibrium allocation inefficient. To evaluate its welfare properties, we employ
the concept of constrained efficiency.

The constrained-efficient allocation solves the problem of a constrained social planner
who chooses investment and borrowing in period ¢t = 0, while leaving all later choices
to private agents. Specifically, she maximizes social welfare subject to all resource con-
straints, technological constraints, market clearing conditions, and financial frictions,
respecting the competitive equilibrium price formation (see equation (1.6)).

Social welfare is evaluated by aggregating investors’ expected lifetime utilities, and
applying arbitrary Pareto weights w = {w’} je(l, 0} A relevant question in this setting
is the planner’s belief (Blume et al., 2018; Davila, 2023; Kim and Kim, 2021). If we
assigned a specific belief to the planner, she would naturally disagree with investors upon
their beliefs. Abstracting from this trivial motive of correction, we aim at isolating ex
ante corrective policies related to the financial friction, and, thus, make the following

assumption.

Assumption 2. The constrained social planner has no superior information, and re-

spects individual beliefs for each type j.

We solve the following social planner problem.

Sl [ @)
007%7 0fjeq1,...0y j=1
J

(o) Y =

7j=1
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& [e + dg} (1.12)
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With the first order conditions for consumption, g = w’t/ (6’6), the planner’s optimality

conditions for each j are
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We can now define the constrained-efficient allocation.

Definition 5. The period-0 allocation {66,&%,62%} P s constrained-efficient if
je{ld

and only if there are shadow prices Xo, U, {'F]{} and a set of Pareto weights

je{l T}
{wj}j€{17.”]} such that it satisfies the price relation (1.6) for each j, the market clearing
condition (1.10), and the resource constraint (1.12), as well as the equations (1.13),

(1.14), and Ao = wit/ (6’6) for each j, given population shares s and beliefs F.

Equations (1.13) and (1.14) differ from the competitive equilibrium conditions (1.8)
and (1.9) through the aggregate terms of externalities on the right-hand side. They in-
dicate formally that the competitive allocation is not constrained-efficient, whereas the
social planner takes distributive and collateral externalities into account. Furthermore,

she accounts for market clearing in ¢t = 0, represented by the multiplier 1/;

1.4.3 Optimal Corrective Policies

The constrained-efficient allocation can be achieved in a decentralized market using a
set of adequate policy instruments. We start out by characterizing optimal corrective
taxes under both heterogeneous and homogeneous beliefs. We contrast a system of non-
linear taxes under heterogeneity with a simple linear Pigouvian tax. The latter allows
us to quantify welfare differences between our approach and previous policy proposals

in the following section.

Decentralization. To decentralize the constrained-efficient allocation, we provide
the social planner with access to Pigouvian taxes, available to manipulate agents’ in-
vestment and borrowing decisions, and lump sum transfers. These instruments satisfy

the conditions stated in the following Proposition.
Proposition 6.

(i) If investors hold heterogeneous beliefs F, the social planner can implement the

constrained-efficient allocation by taxing investment and borrowing, satisfying

J
. : oo\ L S ) . .
7} =sgn (a — a)) (37q0)\0> Zlu)’SZEz [D;gu' (&) + nﬁCég] (1.15)
, - N A . o
T = —sgn (d%) (87/\0> szszEZ [D;%u' (&) + f]iC’Z%] (1.16)
i=1
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for each j, and rebating revenues through type-specific lump sum transfers
T9 =71 sgn (a — dg) 0 (a— dé) + 1) sgn (d%) )13

(i) If investors hold the homogeneous belief F(R), the social planner can implement

the constrained-efficient allocation by taxing borrowing, satisfying
Ta=—\'E [771030] ; (1.17)

and rebating revenues through lump sum transfers T = Td(jo, while the tax on

wnvestment is arbitrary.

In the heterogeneous case, our optimal Pigouvian taxes are characterized by a range
of sufficient statistics related to distributive and collateral externalities, aggregated in
the squared brackets in equations (1.15) and (1.16).'4

Three components determine distributive effects. First, when price movements induce
a redistribution of funds between period-1-buyers and -sellers, this affects their marginal
rates of substitution. Second, price movements themselves measure the intensity of
redistribution. Third, the direction of redistribution depends on whether an investor is
a seller (I > 0) or a buyer (I < 0) in t = 1. The latter two components are captured

by the distributive externalities D(flj and Dzj, given in Definition 4.
0 0

Collateral effects are driven by another three components. First, the multiplier f){
measures the welfare gain (loss) when the constraint is relaxed (tightened) by one unit.
Second, price movements describe the change in an investor’s borrowing capacity per
unit of collateral, whose total magnitude available matters third. The last two elements
are incorporated in the collateral externalities C;g and C’jzg from Definition 4.

If, however, investors hold the homogeneous and rational belief, these sufficient statis-
tics turn out to be vastly simplified. Since investors do not trade the asset under homo-
geneity, the social planner cannot manipulate investment decisions. The resulting tax
on investment is arbitrary. Moreover, for the very same reason, distributive externali-
ties are zero, rendering the tax on borrowing responsive solely to collateral externalities
(see equation (1.17)).

Notably, the instruments derived in Proposition 6 may well be subsidies instead of
taxes, depending on the extent of externalities induced by type j, and its specific choices
of investment and borrowing. Taxes/subsidies turn out to be zero only if all investors
expect their collateral constraints to be slack. To put it another way, it suffices that

one group of investors expects to be constrained to let taxes/subsidies take on either

13We use a sign operator for an easier interpretation of taxes and subsidies, given the fact that
investors can take short and long positions in the asset, as well as borrow and save.
4For a more detailed description of sufficient statistics, see D4vila and Korinek (2018).
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sign for the entire population. We will return to the signing of policy instruments in

the next section.

Incentive compatibility. In an environment of heterogeneous agents, whose type
is their private information, corrective policies may not be incentive-compatible. The
instruments we have derived in Proposition 6 are type-specific, raising the question of
knowledge required by the social planner to impose taxes in an incentive-compatible
way.

Importantly, the optimal non-linear taxes in equations (1.15) and (1.16) incorporate
no more than publicly known objects. To be precise, to set group-specific taxes, the
social planner must be informed about the set of beliefs F in the economy, each type’s
respective population share s/, as well as investment and borrowing choices g and CZO,
which are publicly observable in the market. Since the latter are monotonic functions
of beliefs, as we have shown in Proposition 3, they perfectly reveal any investor’s belief.

Therefore, the constrained-efficient allocation can be implemented by means of the

following system of non-linear Pigouvian taxes.

Theorem 3. If investors hold heterogeneous beliefs F, the social planner can implement
the constrained-efficient allocation by taring investment and borrowing according to the

tax system (T,,7q), satisfying

e . RHS of (1.15) if af = @) for any j with @) € g
Tat Gy = Talag) s.t. Talag) =
00 if ag ¢ ao

(1.18)

- - - RHS of (1.16) ifdt = & for any j with & € d,
7~—d . dlg — %d(dlg) s.t. %d(dlg) = f ( ) f ~0 NO f L 0 0

(1.19)

and corresponding lump sum transfers.

The essential point of Theorem 3 is that the social planner does not rely on
knowledge of individual beliefs. The peculiar nature of our optimal Pigouvian taxes
ensures that the constrained-efficient allocation is indeed decentralizable, even in a

setting of heterogeneous beliefs.

Our results on optimal corrective policies give rise to several issues linked to the wel-
fare implications of the interplay between belief heterogeneity and the financial friction.

First, analyzing the responses of group-specific taxes/subsidies to variations of beliefs
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is informative on different types’ contributions to changes in social welfare. Second,
we seek to compare the efficiency properties of our economy under homogeneity and
heterogeneity of beliefs. Third, it is enlightening to evaluate how the probability of
financial distress is altered through a planner intervention of the kind sketched above.

Moreover, we aim at quantifying the welfare impact of the non-linear tax instruments
we propose in contrast to a linear Pigouvian tax on borrowing. The latter is a standard
macroprudential instrument which has gained much attention in the literature (Bianchi,
2011; Dévila and Korinek, 2018; Jeanne and Korinek, 2019, 2020). In our model, it
corresponds to equation (1.17), being a tax on borrowing calibrated to the case of
homogeneous and rational expectations.

Examining these questions is analytically intractable. The clear signing of tax in-
struments depends on the specific belief distribution, which we have kept general thus
far. To gain insights into the welfare implications of our policy proposals, we provide a

numerical application of our model in the following.

1.4.4 Numerical Application

The numerical analysis requires a simplified version of our model. In this section, we first
describe the simplifications applied to make the baseline model numerically tractable,
and briefly characterize the resulting equilibrium allocations, prices, and, importantly,
optimal corrective policies for different levels of belief heterogeneity. Subsequently, we
quantify the welfare implications of such policies, and assess how these interventions

impact the probability of financial distress.

Simplifications. Suppose the economy is populated by two groups of investors, called
optimists and pessimists, indexed by o and p. We let both groups be of equal mass,
i.e. s°=sP =1, and differ in terms of their return expectations, i.e. E°[R] > EP[R)].
Furthermore, there are only two states of the world. To be precise, R may take on
either a good or a bad value, denoted by R9 > RP.

We choose parameters in line with the assumptions underlying our theoretical anal-
ysis, simulating equilibria with significant trade volumes and binding financial con-
straints. Table 1.1 summarizes the parameter values chosen in the application.

The parameter ¢, capturing the margin requirement for borrowing, is selected fol-
lowing Mendoza (2002) and Bianchi (2011), who suggest that debt is required to not
exceed a fraction of 30 to 40 percent of tradable assets. Averaging these values, we set
¢ = 0.35. The two states RY and R’ are chosen with the aim to make trading incentives

strong enough, which, in turn, ensures a significant trade volume. This condition is
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Parameter Value
Margin requirement 0] 0.35
Good state R 2
Bad state RY 0
Initial endowment of consumption goods 1
Initial asset endowment 2

AT o

Risk aversion 0.5
Heterogeneity step 0.025
Initial belief 0.5

Table 1.1: Parameter Values

met for R9 = 2 and R® = 0. For the same argument, we set initial endowments of
consumption goods e and assets a to e = 1 and a = 2, and choose a moderate degress
of risk aversion A = 0.5.

Heterogeneity itself is defined as the linear distance between the probabilities that
the two types assign to the good state, i.e. 79 = 1 — 77°. We increase this distance
symmetrically by N steps of size u = 0.025 (see Simsek (2013) for comparison). The
multiples NV thus serve as a measure of belief heterogeneity. The benchmark case is a
population with homogeneous beliefs, where 79 = 7P9 = 79 which we set to 79 = 0.5.

Finally, the two types’ beliefs at any given level of heterogeneity N are given by

E°[R] = (7% + Nu)R? + (n" — Np) R’
EP[R] = (79 — Np)RY + (7% + Npu)R.

Notably, we let the social planner apply Pareto weights w such that the constrained-
efficient allocation replicates the unconstrained competitive allocation, i.e. when the
collateral constraints are slack. This choice ensures that the simulated corrective in-
terventions by the planner are solely related to inefficiencies from the financial friction,

but not to differences in the aggregation of social welfare.

Allocations, prices, and corrective policies. Figure 1.2 displays the responses of
key variables to different levels of heterogeneity. Specifically, it shows the equilibrium
values of period-0 investment and borrowing, the period-1 price ¢; — the main determi-
nant of the collateral constraint — as well as taxes and the externalities therein. The
two beliefs diverge increasingly the further one follows the z-axis. The blue and red
lines refer to the optimists and pessimists, respectively. Solid lines refer to variables
from the competitive equilibrium, while dotted lines refer to the constrained-efficient

equilibrium.
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Figure 1.2: Equilibrium Allocations, Prices, and Optimal Corrective Policies

Note: The three upper panels show period-0 choices of investment, and borrowing, as well as the period-
1 asset price. The three middle panels show optimal taxes on investment, and aggregate distributive
and collateral externalities therein. The three middle panels show optimal taxes on borrowing, and
aggregate distributive and collateral externalities therein. The blue and red lines refer to the optimistic
and the pessimistic type, respectively. Solid lines refer to variables from the competitive equilibrium,
while dotted lines refer to the constrained-efficient equilibrium. Each number on the x-axis relates to
the N-th heterogeneity step, where N = 0 stands for the benchmark case of homogeneous beliefs.

The top-left and top-central panels illustrate the monotonicity of period-0 investment
and borrowing in beliefs. Starting from a no-trade equilibrium under homogeneous be-
liefs, where investors keep their initial asset position constant, investment and borrow-
ing increase (decrease) the more optimistic (pessimistic) they become. Contrasting the
competitive allocation, the social planner induces agents to trade, borrow, and save less.
Importantly, the planner reduces optimists’ borrowing by more than pessimists’ sav-
ing, reflecting the asymmetry between optimistic and pessimistic types’ contributions
to financial distress, formalized in Theorem 1.

In the top-right panel, this asymmetry becomes evident in the response of the equi-

librium price ¢ to increasing belief heterogeneity. Given that the influence of optimistic
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behavior is dominant, the equilibrium price declines even though we have not altered
the economy’s mean belief, but made the two types more heterogeneous in a symmetric
manner. Furthermore, the social planner improves on the competitive allocation by
sustaining a higher price, alleviating the tightness of the financial friction.

The panels in the second row of Figure 1.2 depict the aggregate distributive and
collateral externalities associated with each type’s investment, and the corresponding
corrective policies, formalized in equation (1.15). To achieve constrained efficiency,
the planner taxes investment by optimists (72 > 0), and subsidizes asset purchases by
pessimists (77 < 0).

The interplay of aggregate distributive and collateral externalities determine the signs
of the instruments. The tax on optimists’ investment is driven by negative collateral
externalities clearly outweighing positive distributive externalities. The latter arise
because pessimists, buying claims in ¢ = 1, benefit from the price decline induced by
optimists’ behavior. However, as the collateral price continues falling with increasing
heterogeneity, optimists pass over more intense collateral externalities to pessimists.

Pessimists, in contrast, are subsidized because their cautious investment decisions
tend to mitigate the price decline, benefiting optimists’ budget in t = 1, and reducing
collateral externalities. Since they behave with more precaution the more pessimistic
they become, the social planner is less inclined to correct their behavior, and the subsidy
reverts to zero.

The lower panels of Figure 1.2 refer to aggregate externalities associated with bor-
rowing and saving, and the respective policy instruments, captured by equation (1.16).
By the same mechanisms as for the correction of investment, borrowing by optimists
is increasingly taxed (19 > 0), and borrowing by pessimists is subsidized (7} < 0).'?
If the two types of investors hold the homogeneous beliefs, their borrowing is slightly

taxed.

Welfare effects. Thus far, we have qualified both the direction and the extent of cor-
rective taxes. In the following, we turn to the normative question of how the Pigouvian
correction translates into social welfare. We are particularly interested in measuring
welfare gains from the non-linear tax policy as opposed to a linear Pigouvian tax sys-
tem, which is the most frequently proposed instrument in the literature on pecuniary
externalities and prudential policy responses, (Bianchi, 2011; Davila and Korinek, 2018;

Jeanne and Korinek, 2019, 2020). This literature typically presumes rational expecta-

15 Aggregate distributive and collateral externalities from borrowing turn out to be equal to those
from investment in this example due to our assumption R® = 0. In this case, price effects are identical,
and so are type-specific externalities (see Definition 4).
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Figure 1.3: Welfare Effects of Linear and Non-Linear Corrective Taxes

Note: This figure shows the consumption equivalents of two types of allocations relative to the un-
constrained competitive allocation. The solid line refers to constrained-efficient allocations, which are
implemented by means of the system of non-linear taxes proposed in Theorem 3. The dotted line refers
to allocations implemented by means of the system of linear taxes proposed in part (i7) of Proposition
6. Each number on the z-axis relates to the N-th heterogeneity step, where N = 0 stands for the
benchmark case of homogeneous beliefs.

tions.

In our model, this policy corresponds to the system of linear corrective taxes in the
case of homogeneous beliefs (see part (ii) of Proposition 6). This is when investors
feature rational expectations, and the social planner optimally taxes borrowing, while
any correction of investment decisions is ineffective. Figure 1.3 displays the welfare
effects of this policy in comparison to the non-linear tax system from above.

We employ consumption equivalents relative to the unconstrained competitive allo-
cation, which is when no policy intervention is required, as an ex ante social welfare
measure. In Figure 1.3, the solid line depicts consumption equivalents of allocations
with non-linear corrective taxes, while the dotted line refers to allocations with linear

corrective taxes. Each point on the z-axis indicates a specific belief distribution, with
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beliefs becoming increasingly heterogeneous along the axis.

We find significant welfare gains from non-linear policies over linear Pigouvian taxes.
The planner’s intervention contains welfare losses at a level of about four to six per-
cent relative to the unconstrained economy. However, if linear taxes are applied to a
heterogeneous population, welfare is well below. Corresponding allocations result in
welfare losses which are by up to 14 percent larger than compared to allocations with

non-linear policies.

Probability of financial distress. The last numerical exercise we provide is related
to the above evaluation how probable financial distress is in the competitive equilibrium.
We have found that belief disagreements across investors do indeed raise the probability
that financial distress occurs, relative to the case of rational and homogeneous beliefs.
We repeat the simulation from above, but further account for the constrained-efficient
allocation. To that end, we first define the lowest possible realization of R such that
collateral constraints in the constrained-efficient allocation are slack.

Definition 6. Let R;*, = min {R | 7 =0 for allj} and R, = min {R | = 0}
be the lowest possible realizations of R such that the borrowing constraints are slack
in the constrained-efficient equilibrium if investors hold heterogeneous beliefs F or the

homogeneous belief F', respectively.

Figure 1.4 illustrates the mapping from the realization R to ¢; for both the compet-
itive and the constrained-efficient equilibrium. The probability of financial distress is
indeed lower under constrained efficiency than in the competitive equilibrium. By ma-
nipulating investors’ behavior through non-linear taxes, the social planner manages to
reduce the thresholds of R, implying that financial distress in the constrained-efficient
equilibrium would only arise in markedly unfavorable states. Our previous finding
that financial distress is generally less likely under the homogeneous belief than under

heterogeneity is further robust to the planner intervention.
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Figure 1.4: Mapping from Rto q

Note: This figure shows the mapping from R to ¢y for the two cases when investors hold the homoge-
neous belief F/(R) or heterogeneous beliefs F, respectively. Solid lines refer to the homogeneous case,
and dashed lines refer to the heterogeneous case. Black lines refer to the competitive equilibrium, and
red lines refer to the constrained-efficient equilibrium. R;‘wm7 R;‘Let, A;’;m, and ]%;‘;;t are thresholds as
defined in Definitions 3 and 6.

1.5 Final Remarks

This paper presents a theoretical framework to study the contributions of economic
agents to financial distress, being the basis on which optimal Pigouvian policies are
designed. We build on a model incorporating financial frictions, and enrich it by the
heterogeneity of beliefs across economic agents. The framework is employed to analyze
the competitive equilibrium, its sensitivity to changes in the underlying set of beliefs,
as well as its efficiency properties. We derive optimal corrective policies, which are
furthermore quantified in a numerical application.

Our analysis puts forward three key findings. First, we show that, conditional on their
beliefs, investors make differentiated contributions to financial distress, where relatively

more optimistic agents have an overproportional and decreasing impact on the collateral
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price. Second, it turns out that financial distress is generally more likely in an economy
populated by agents with heterogeneous beliefs, compared to the homogeneous case.
Third, we find that a constrained-efficient allocation can be implemented through a
system of non-linear Pigouvian taxes, which proves to generate considerable welfare
gains over the linear policy advocated by previous articles.

These results add to the literature on financial crises in several ways. We characterize
explicitly how financial market participants contribute to distress states. Moreover, in
our setting, financial constraints may be binding through ex ante return expectations
sufficiently off the ex post realization. This differs from former studies, focusing on
financial distress in response to aggregate shocks to investment or net worth. Hence,
our framework formalizes a further source of financial distress. Ultimately, our policy
proposal improves on linear Pigouvian taxes in an economy featuring heterogeneity of
beliefs. The latter point is especially relevant when studying optimal financial regu-
lation in booms and busts, which typically go along with high belief divergence and
fluctuations.

Our work lays the ground for further research. Whereas we study optimal ex ante
policies in a prudential sense, it may be worthwhile examining optimal ex post policies,
such as central bank liquidity injections, under belief heterogeneity. In addition, several
types of financial frictions are considered in the literature on prudential policies. The
collateral constraints used in this paper link debt issuance to market-valued collateral.
However, pecuniary externalities and corrective policies have further been studied in
environments with flow constraints, relating to household income or firm cash flows.
Their interaction with belief disagreements must still be examined. Ultimately, our
three period model may be extended to a dynamic framework, allowing for a more

profound quantitative exploration of the effects documented in this paper.
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1.A Appendix

Proof of Proposition 1

Models with price-dependent collateral constraints like ours bear the risk that equilib-
rium prices do not exist. The reason is that these models face downward-sloping supply
functions. Constraint agents must sell more if the collateral price is low, but less if it

high, and the constraint is less tight.

Existence. We first prove the existence of the equilibrium price. Let

Z a0} 51 T (qr) (1.20)

denote the supply of claims as a function of ¢;. Analogously, define demand as

J
Z {#H( q1)<o}3jl{ (q1) - (1.21)

Let D (¢1) and S (¢1) be continuous and differentiable functions on the interval (0, 1].
Note that S (g1) is bounded from above for any ¢;. This follows from the fact that

investors cannot sell more claims than they possess, i.e. I < @], and, hence, for any ¢

J
4 tI1)>0}S ll ql < Z

IIM&

Specifically, it follows that qlligo S(q) < a.

We consider two cases when characterizing the demand curve. First, if demand is
zero, there is still excess supply. According to the Walrasian equilibrium definition, all
prices ¢q; are equilibrium prices.

Second, if demand is positive, we ensure the existence of an equilibrium price ¢; by
showing that demand is infinite as the price approaches zero, i.e. qlligloD (1) = oc.
First note that buyers will exhaust their entire borrowing limit as they trade, i.e.

= o ( ll), because any price ¢; < 1 grants them a pecuniary benefit. From

the period-2 budget constraint (1.2), we obtain
&= (1-oq) (ah - ). (1.22)

Suppose the price approaches its lower limit of zero, i.e. ¢ — 0. From the price

equation (1.6), it follows that either the numerator tends to zero, i.e. v’ (Eé) — 0, or
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the denominator tends to infinity, i.e. (1 — ¢)u’ (6{) + ou’ (6’%) — 00, or both.

If the numerator tends to zero, the concavity of u (E’Z ) implies that E’; becomes in-
finitely large, i.e. & — 0o, and, by (1.22), so does the demand for claims, i.e. l~{ — —00.

If, in contrast, the denominator tends to infinity, this can be caused by consumption
in t = 1 and ¢t = 2 approaching zero, i.e. either 6’{ — 0 or 6’; — 0. In the first case,
all consumption is shifted to the final period, i.e. éé — oo, from which an infinite
demand for claims, i.e. [{ — —o0, follows again. In the second case, both numerator
and denominator of the pricing equation (1.6) would tend to infinity, yet the numerator
at a faster pace as ¢ < 1, and, consequently, the assumption ¢; — 0 would be violated.

Thus, at the minimum price of ¢; — 0, period-2 consumption 6’% will tend to infinity
and Z{ will tend to minus infinity for all 7 with l~{ < 0. We conclude that overall demand
for claims becomes infinitely large, i.e. qlli§o D (q1) = 0.

All in all, for ¢y — 0, we obtain a bounded supply and an infinitely high demand.
It is only required to ensure that this demand exists. We ensure a positive mass of
D(0) through assuming that at least one type of investors has had correct expectations
ex-post, receiving a return that is as high as expected or higher. Formally, E’[R] < R
for at least one j and all realizations R of R ensures that there is at least one group
that has sufficient funds available in period ¢ = 1 to demand claims on the asset.

There are different possibilities how supply and demand can intersect. Either D (q;)
and S (¢1) intersect on (0, 1] at (possibly multiple) price(s). Then, all prices in this set
are equilibrium prices. Or they do not have an intersection on the interval. We have
shown that, in this case, demand is permanently larger than supply, i.e. D (q1) > S (q1)
for any ¢; € (0,1] as D(0) > S(0) and there is not intersection on (0, 1]. Hence, ¢; =1
is the equilibrium price since, for this price, buying investors are indifferent between all
levels of feasible demand, and the bounded supply S(1) < D(1) can be fully met. In

conclusion, we have shown that the equilibrium price exists.

Uniqueness. Second, we prove that the equilibrium price is unique and satisfies
¢1 < 1 in the case of positive demand. Uniqueness is ensured if, first, limOD (q1) = o0,
q1—
second, D (1) = S (1) =0, and third, if D (¢;) and S (¢1) are monotonically decreasing
functions on (0, 1] with 85—(1) = %(1)
q1 q1
differentiability.

Regarding the first two conditions, we have shown limOD (q1) = oo in the previous
q1—

part, and D (1) = S (1) = 0 follows from our assumption (1) = 0 for all j.

= 0. We continue assuming their continuity and

Next, we prove that both supply and demand are monotonic functions on (0, 1].
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Specifically, we determine the signs of

J

8[7

8Q1 N Zjl {(a)>0}? 5% (1.23)
aD (q1) d Ol

= — 1z J—, 1.24

I ; {f@<0}" g, (124)

Using the period-1 equilibrium conditions (1.1), (1.2), (1.3), and (1.9), and applying

the implicit function theorem to (1.5), we obtain

g 1+ (1 —20)q | (1 - oq1) Aqs

Inserting (1.25) into (1.23) and (1.24) yields

e RRCTSIL| IS

a8 (q1) 1 JS L

p 1+ (-2)m [(1—¢q1>Aq1 ‘w;ﬂ{z«ql»o}sfa%ﬂw—1>S<q1>] (1.26)
oD (q1) 1 JP _

b~ 1+(-20)a [(1_@1)@1‘wjz_ll{mqmo}sja%*@‘b—”D(‘h) o 2D

where J° and JP are the number of types that are on the supply and the demand
side of the market, respectively. We assume that the margin requirement is sufficiently
tight, i.e. ¢ < 1/2.

We first show that the supply curve is a weakly decreasing function of ¢;. Recall that
S (q1) is continuous on (0, 1], qlligll S (¢1) = 0 and an equilibrium with positive demand
D (q1) > 0 requires that there is a ¢; such that S (¢;) > 0. Hence, there must further
be a ¢f = min{q | as(ql < 0 for all ¢; > ql}

35 fI1

( ) # 0, there is no ¢; < ¢f such that

> 0,
and it follows 8”2(‘“ < 0 for all ¢4 € (O, 1], making the supply curve monotonlcally
decreasing.

If,  however, a%(;l) - 0, this is equivalent to S (q}) =

1 J . Jgl — —J5 * ic-
il [2¢Zj21 1{1{(@)20}8 ay (1¢QI)AQT}' For ¢1 < ¢j, we prove by contradic

tion that supply is constant.

First suppose that aS ‘“) > 0. From (1.26), it follows that S (¢1) > S (¢}) in this case,
which would imply aS ql aS ql < 0.
From (1.26), it follows that S(q1) < S(qg}) in this case, which would imply a( w) ),

violating the assumption.

< 0, violating the assumption. Now suppose that
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Supply S(q1), Demand D(q;)

-
=~ . _

#

0 q" 7

q1

Figure 1.5: Supply and Demand in ¢t =1

This figure sketches two possible supply curves and a demand curve in period t = 1.
Supply curves are depicted in red, while the demand curve is depicted in blue. ¢;? is
the equilibrium price, and ¢7 is defined as in the proof of Proposition 1.

Therefore, we obtain %qqll) = 0 for all ¢1 < ¢f. The constancy of supply for low
collateral prices reflects the fact that supply is bounded from above by the amount
invested in t = 0. ¢ is thus the price below which distressed investors are willing to
liquidate their entire position.

The slope of the demand curve, i.e. the sign of the left-hand side of equation (1.27), is
determined by the term in brackets. Under the assumption of ¢ < 1/2; and restricting
the initial endowment to a < 2, the term in brackets is positive, yielding ag—é‘fl) < 0 for
any ¢ € (0,1].

Lastly, equations (1.26) and (1.27) reveal that agq(ll) 85511) = 0 because J° = JP =
1{[{(1)>0} = l{f{(1)<0} =S(1)=D(1)=0at ¢ = 1.

Since all the conditions for uniqueness are satisfied, we deduce that the equilibrium

price is unique (see Figure 1.5 for illustration).
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Equivalences. Third, we show the two equivalences in part (ii). For part (i),
suppose ¢ = 1. Combining equations (1.4) and (1.5) yields 7 = 7¢. The only
solution for the latter condition is 7] = 0. Now, suppose 77, = 0. Equation (1.4) then
becomes u’ (6{) = (6';) Substituting out '’ (C’;) in equation (1.5) yields ¢; = 1.

For part (ii), the equivalence is shown formally:

Proof of Proposition 2

For the proof of part (i), recall that the period-1 equilibrium price satisfies equation
(1.6), where & and & are given by equations (1.1) and (1.2) for all j. Since the
equilibrium price equals one if 77{ = 0, we restrict ourselves to price effects in the case
of ﬁ{ > 0. For the borrowing constraint to be binding, assume that the realization R
is sufficiently adverse, satisfying R < 1. Using CARA A = —% for all j and ¢, we
obtain the following equilibrium price derivatives: t

O (1-9)1-R)(a)’ (1.28)

da % +(1—¢) (@)l
o1 (1—9¢) (@) (1.29)

ody Gy (1 gy (gl

The numerators of equations (1.28) and (1.29) are positive, and the denominator is

negative. To see this, note that % =—(1-29¢) Z/,/((;l)) (q1)2 > (0. For the denominator,
it follows
u' (& -
@) | -6y @rE <o (1.30)
@)
901 ~
= 1> %l{,
)

which is always satisfied. If I/ < 0, the left-hand side of (1.30) is negative. But it is

exceeded by one even if l~{ > (0. The reason is that 1 > %Z{ is the condition for finite
1
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consumption &. Consider the period-1 budget constraint & = R&g + qli{ + 02]1 — CZ(J)
Increasing the budget by one unit of the consumption good has two effects. First, it
directly increases consumption by one unit. Second, it raises ¢;, and further increases
consumption by %Z{. Suppose 1 < g—%f{. In this case, the latter effect via ¢; dominates
the direct effect, and the initial stimulus initiated an upward loop towards infinite
consumption 6{ Hence, a finite solution requires 1 > %Z{, concluding the proof of
part (7).

Turning to part (i7), for the equilibrium price derivative with respect to borrowing
under a homogeneous belief, we obtain

% _ (1—9) (Q1)2 (1_31)

oy | M

u! (&1)

which is negative for a concave utility function. O

Proof of Proposition 3
For the proof of part (i), let investors hold heterogeneous beliefs F. The individual
type-j decisions for investment and borrowing are governed by equations (1.8) and

(1.9), that we rewrite as functions of its belief FV(R) in the following way:

ad (&% (& (F/(R) 43 (P(R)))) = [ (6 (3 (). ()

o (7 (@ (F(R)))) + ] (@ (F/(R) ) (F(R)) ) oqidF'(R) (1.32)
R

o (5»3 (ag (F/(R)) . di (Fj(R))>> - /R o' (5{ (ag (F/(R)) . di (F%R)))) dFi(R).
(1.33)

Notably, period-0 choices @) (F7(R)) and d) (F7(R)) are direct functions of type j’s
belief, while period-1 and period-2 variables are both indirect functions of F7(R) via
@) (FI(R)) and d (F7(R)) direct functions of it through the expectation operator.

In the following, we apply the calculus of variation, as explained in the main text.
Consider a perturbation to beliefs of the form F7(R) + ¢G’(R), where € > 0 is an
arbitrary number, and G?(R) captures the direction of the perturbation. F7(R)+eG’(R)
is required to be a valid cdf for small enough €, so we assume it is continuous and
differentiable, it satisfies G(R) = G(R) = 0, and 9 (F’(R) + ¢G’(R)) /JOR > 0 for
sufficiently small e. Lastly, let 0 denote the operator for functional derivatives.

We characterize the variational derivatives of investment and borrowing choices when

5

beliefs F7(R) are perturbed with direction G’(R), i.e. 5% -G’ and % -G7. Optimism
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and pessimism are measured relative to each other in the sense of first order stochastic
dominance. A perturbation G’(R) makes type-j investors more optimistic if and only
if it satisfies F7(R) + ¢G/(R) < FI(R) for all R. Tt is easy to see that more optimism
requires the perturbation to have a negative direction, i.e. G'(R) < 0 for all R. Anal-
ogously, investors of type j are made more pessimistic through a perturbation with
direction G7(R) > 0 for all R.

Applying the implicit function theorem to (1.32) and (1.33), and combining the

resulting expressions yield

0 _ I (&) aes (mar- (fFa + O (&) ari(R) + aou” (2))
OF7 (fi Ru” (Zj) dFi(R) + qou’’ (cé)) ( g (1+ @)u” <~ )dFJ(R) + qou'’ (6]))
() e (@) ) G (o @ arm e (@)
— (5 B+ o0) Ru (&) + (1 = pq)w (&) aFi(R)) - (JFwr (&) aFi (R) +w (&) '
o’ - wu' () @G (RydR  [§ Re” (&) dFI(R) + aou” (3)  ga)
TR (@) + J£w (&) ari(r) R (@) + [iwr (2) ars(r) 5w ¢ (-5

First, we further investigate equation (1.34). Assuming that the choice of parameters
ensures a non-zero trading volume, i.e. A < 1 and beliefs F sufficiently divergent such
that a — &% # 0 for some 7, and that the borrowing constraints bind in response to the
adverse shock, i.e. R < 1 and o < % such that f}{ > (0 for all j, the numerator is negative
for G7(R) < 0, and positive for G7(R) > 0. The denominator is always negative. Hence,
-7 is positive for GY(R) < 0 and negatlve for GY(R) > 0.
2. 7 and g;ij GY have
the same sign for each G’(R). Consequently, the two variational derivatives in (1.34)

the functional derivative 22 SFY G

Given the signs of the components in (1.35), it follows that S

and (1.35) turn out to be positive if investors are more optimistic (G/(R) < 0), and
negative if they are more pessimistic (G/(R) > 0).

Proving part (ii), we employ the identical procedure as above. Let investors hold the
homogeneous belief F'(R). Let further G(R) be the direction of a perturbation of the
homogeneous belief. We obtain as the functional derivative of borrowing

8dy — [ u" (é1)aG(R)dR

G = 2 % (1.36)

oF u” (G +fE u” (¢1) dF(R)7

which is as well positive for more optimistic investors (G7(R) < 0), and negative for

more pessimistic investors (G7(R) > 0). O
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Proof of Theorem 1

With regard to part (i), let investors hold heterogeneous beliefs F. Let further G7(R)
be the direction of a perturbation of type-j investors’ belief F7(R), and beliefs F'(R)
be constant for all ¢ # j.

Recall that the functional derivative % -7 describes a gradient, so it is identical to a
partial derivative if the functional argument is one-dimensional. We write the period-1
equilibrium price as a function of beliefs, i.e. ¢; = ¢ (ELO(F ), Jo(}" )) It follows

oq J:@‘S—ag j+5i3.5i~3. j:%~5i6.~ j+8—@-5i%~c:j. (1.37)

0F7 Sag OF7 5dy OF7 oag OF7 od}, O0F7

Using Propositions 2 and 3, we obtain statement (1) of part (7).

For statement (2), let G'(R) < 0 < GY(R) with |G/(R)| = |G*(R)| for all R be
the directions of two perturbations that make investors of type j more optimistic, and
investors of type ¢ more pessimistic by the same magnitude. We investigate each factor

in the two summands on the right-hand side of equation (1.37) separately. First, note
that equations (1.34) and (1.35) imply that

OFJ

od!

9 | 3dy
o

OFI

OF"

i — et i = -G

and

Second, taking the derivatives of equations (1.28) and (1.29) shows that ¢; is a (de-

: : : o 2 2
creasing and) concave function of investment and borrowing, i.e. SQ?}. < 0 and % <0.
0 0

As for any concave function, it follows that

oq

J
ol |9
dag

=J
day

on
od?

‘%
odi |

Inserting the two former results in equation (1.37) yields statement (2).

To prove part (i), let investors hold the homogeneous belief F'(R). Let further G(R)
be the direction of a perturbation of the homogeneous belief. Equation (1.37) simplifies
to 5 Oq1 dd,

vl al 0
57 G50 oF C (1.38)
which is negative for G(R) < 0 and positive for G(R) > 0 by the same arguments as in
statement (1) of part (). O

Proof of Theorem 2
We start out by proving that R;;et > I%;"wm, where R;;et and R;“wm are defined in Definition
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Consider a population with investors holding heterogeneous beliefs F. Let }A%Z]et de-
note the lowest possible realization R such that the collateral constraint of type-7 in-
vestors is slack, i.e. 77{ = 0 and ¢; = 1, which are equivalent to 6{ = Z’% At this
point, the borrowing constraint yields J]l = gbd{). Using this, and equating the budget
constraints (1.1) and (1.2), one obtains R}/, = 1 — 2¢ + %

Given the result from Proposition 1, it suffices that one type of investors is constrained
to make all investors constrained. We refer to this situation as financial distress, and

it follows that Rf, = max {R;?et} ) Assuming without loss of generality that
je{1,ed
investors are ordered from more to less optimistic types, i.e. F1(R) < ... < F/(R) for

all R, we obtain R;*Let = Ezlet For the homogeneous case, we derive R;‘wm =1-2¢0+ %)
equivalently.

To show that R}, > R;,., it is sufficient to prove that Z—% > ‘%0. Since type j = 1 is

the most optimistic type, we know that @} > @ and d} > dy. To prove that g—é > 2 we
0

<9

show that dj — dy > @ — a.
The latter statement would follow if a perturbation, making a specific belief more
optimistic, i.e. G}(R) < 0 for all R, always increased borrowing by more than invest-

ment, i.e. % -G > 5%(1} - G'. We deduce from equation (1.35) that this condition is

satisfied provided that B
R ~ ~
Ru” Cl dFl +(] u// Cl
Jr Ru" (¢1) ! . ) . (1.30)
u (5(1)) + fR u (6’{) dF1

Under the presumption made in Theorem 2, requiring the homogeneous belief F'(R)
to be less optimistic than at least one type’s belief in the heterogeneous case, implying
FY(R) < F(R) for all R, inequality (1.39) is satisfied for any type-1 belief F'* sufficiently
optimistic. Hence, under this assumption, we obtain R:,, > R, .

Ultimately, we derive the corresponding probabilities of financial distress. In our

setting, it is for the heterogeneous and the homogeneous case, respectively

Pr (7! > 0) = Pr (R < R;;et) —F (R;et>

Pr (i > 0) = Pr (R < Rzom) —F (ﬁz;;om) .

Given R}, > R:, and the strict monotonicity of the cdf F it follows that F (R;‘Let> >
F (R )

47



How Heterogeneous Beliefs Trigger Financial Crises

Proof of Proposition 4

Proposition 4 follows from Definition 4 and Proposition 2. O

Proof of Proposition 5

With regard to part (), let investors hold heterogeneous beliefs F. Let further G’(R)
be the direction of a perturbation of type-j investors’ belief F7(R), and beliefs F"(R)
be constant for all ¢ # j. We calculate the functional derivatives of distributive and

collateral externalities with respect to beliefs in the following way:

dadoal O F dadod) 0FI

i a 57 P
5(;;:16 LG — 5&;‘?6) GJZ{: <ﬁ%G]+ﬁ6d€) GJ> i
] J

and analogously for D%, C°

70 =7
dy ap

both a) and J%Z_and using our results from above on the sign of the functional derivatives

and C’fzj. Since q; is strictly decreasing and concave in
0

% -G’ and g%{} -G, it follows that the term in brackets is unambiguously negative for
GY(R) < 0, and positive for G/(R) > 0. This proves the first statement of part (7).
Statement (2) of part (¢), as well as part (ii), follow from the same arguments as

those used in the proof of Theorem 1. O

Proof of Proposition 6
First, we derive the tax formulas in part (z). Consider the period-0 optimization problem

of a type-j agent with taxes:
‘max u(cé) + E7 [Vf <ag,dg]do,czo)} s.t.
0,0 20,dy

()\{)) d=e+ <1 — 1) sgn (J‘é)) &) + (1—7)sgn(a— d‘é)) 0 (a— aé) +T7. (1.40)
This problem gives rise to the following optimality conditions:

(1—7)sgn(a— &é)) qout/ (c(’)) = B/ [Ru/ (c{) + (Cé) + n{¢q1} (1.41)
(1= dsen (&) ' () = B [ (e])]. (1.42)

In a symmetric equilibrium, it will always be the case that ¢, = &, o = @) and &} = d?
for each j. Combining the latter two conditions with their counterparts from the social
planner problem, i.e. equations (1.13) and (1.14), respectively, using the planner’s
pricing relation ¢ = gowiu’ (E’é), and solving for the taxes yields the tax formulas (1.15)
and (1.16).

Second, it follows that, using these taxes, the competitive allocation is constrained-
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efficient. Specifically, substituting (1.15) and (1.16) into the optimality conditions of
the competitive allocation with taxes, i.e. (1.41), and (1.42), replicates the planner’s
optimality conditions (1.13) and (1.14), as well as Ag = w/u/ (éé) for each j. Moreover,
rebating revenues through 77 for all j ensures that individual period-0 budget con-
straints are satisfied, and the same holds for the resource constraint in consequence. To
summarize, the competitive allocation with taxes satisfies the identical set of conditions,
so it turns out to be constrained-efficient.

By the same arguments, we derive the homogeneous tax formula 1.17 in part (7). [

Proof of Theorem 3

Theorem 3 follows from Propositions 3 and 6. [
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Chapter 2

The Evolution of Income Taxation

in Prussia

By Marco Wysietzki

Abstract

In the 19th century, Prussia used a system of class-specific differentiated lump
sum taxes. According to the second welfare theorem such taxes can be used
to reach distributive objectives without having to sacrifice first best efficiency.
Still, in the course of the 19th century Prussia replaced these differentiated lump
sum taxes by a combination of differentiated lump sum and income taxes. This
system in turn was replaced by a comprehensive income tax. Thus, there no
longer was a possibility to tailor income taxes to class-specific features such as
behavioral responses or within class income redistribution. In this paper, we study
these reforms in detail through the lens of a Mirrleesian income tax model. As
a main result, we show that the reforms increased potential government revenue
drastically and in a politically feasible way, even though various appealing features
of the prevailing tax system were given up, and even though the political economy
of Prussia, with its three-class franchise, had its "median voter” in the top ten

percent.
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2.1 Introduction

This paper examines the path to modern comprehensive income taxation for the exam-
ple of Prussia. It applies modern public finance theory to evaluate various tax reforms,
proving them to be reasonable concerning their tax revenue potential and their majority
support. This is particularly interesting as the reforms abolished some taxes that had
attractive features from today’s perspective. For example, taxing people with a lump
sum tax does not change their incentives to work and therefore leads to fewer distortions
compared to a comprehensive income tax. Lump sum taxes are especially useful if they
are based on a characteristic that people cannot easily change and that is correlated
with ability. This so-called tagging thus allows redistribution without distortions.

At the beginning of the 19th century, the existing poll tax in Prussia was replaced
by a class tax. This means that people had to pay lump sum taxes depending on their
social class. Since social classes can be assumed to be correlated with ability, the class
tax was an example of tagging. In the middle of the 19th century, this tax was restricted
in several steps gradually before it was replaced by a comprehensive income tax. Thus,
Prussia abolished lump sum taxes and tagging in particular.

Most of these reforms were initiated because of the need for higher government rev-
enue, which is referred to as an increase of fiscal state capacity in the literature. At first
glance, however, this goal makes the reforms puzzling. During the reforms Prussia gave
up some of the tools that make it possible to raise revenue without creating much of a
distortion. Why should the government do so if it was seeking to increase revenue? At
the same time, the political feasibility of these reforms seems questionable. During the
reforms taxes for the rich were increased although the Prussian voting system favored
them. Thus, the expansion of fiscal state capacity required the willingness of the rich
to tax themselves more heavily. So how could these reforms be realized?

To solve these puzzles, we introduce a model based on Diamond (1998) that allows to
evaluate the reforms concerning state capacity and political feasibility. The abolition of
the class tax meant that it was no longer possible to differentiate between classes when
setting taxes. However, it became possible to tax higher incomes within the classes
more heavily. Depending on the distribution of skills and classes within the population,
this could lead to an increase of tax revenue. In our model framework, we assume that
tax revenue is paid back to individuals in per capita transfers. In terms of political
economy, this can lead to some rich people being taxed more heavily but still benefiting
due to the reforms. The higher tax payments are overcompensated by even higher per
capita transfers, which are financed by raising taxes on the even richer.

So our main result here is that all reforms can lead to an increase in state capacity
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and that they can make a majority better off. These results are in line with historical
data. Based on this data, we show that most reforms are not only supported by a
majority of the population, but also by a majority of voting power taking the special
Prussian voting system into account.

Furthermore, we discuss limitations of lump sum taxation and tagging in more detail.
There are hints that the correlation between social class and ability became weaker over
time. We use a perturbation approach to describe how the additional benefit of tagging
depends on the strength of this correlation. We find that the convergence of ability
distributions in the different classes leads to the benefits of tagging converging to zero.
The Prussian reforms balanced the diminishing, albeit still positive, benefits of tagging
with the advantages of an income tax. Although a positive impact on tax revenue was
lost with the abolition of tagging, tax revenue nevertheless increased.

This paper connects three strands of literature. First, it joins several works on
Prussian tax reforms. Many of them are descriptive, such as Hill (1892) or Schremmer
(2013). Tilly (2010) uses historical data to determine the evolution of income inequality
in Prussia. Spoerer (2015) focuses on changes of tax incidence. However, to the best
of our knowledge, none of these papers has examined the political feasibility of the
reforms.

Second, it relates to the literature on tagging. As mentioned above, Akerlof (1978)
was one of the first to model and to evaluate the idea of tagging. Boadway and Pestieau
(2006) extend his model and investigate optimal redistribution of tax systems depend-
ing on their level of tagging. Some papers propose specific characteristics as possible
instruments for tagging and show how their use could theoretically improve welfare or
increase tax revenue. Cremer et al. (2010) for example focus on gender, and Mankiw
and Weinzierl (2010) on height. Weinzierl (2012) gives a reason why tagging is rarely
used in practice. We contribute to this literature by exploring the class tax as an ex-
ample for tagging and by formally showing limitations of tagging. We show that the
theoretical advantages of tagging did not play out in reality and provide an explanation
for its abolition: The reforms combined elements that increased tax revenue with the
abolition of tagging.

Third, this paper adds to a growing literature on state capacity. With respect to its
fiscal dimension, most notable is the work of Besley and Persson (2009). They assume
that the state’s capabilities of taxation and regulation depend on past investments in
fiscal capacity. They discuss determinants of these investments. Besley and Persson
(2010) add the risk of internal and external conflicts to this setting. Acemoglu et al.
(2011) address the efficiency of collecting taxes. They show the conditions for an inef-

ficient state and how this is related to income inequality. In this paper, we refer to the
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concept of state capacity by using it as a motivation for reforms.

The remainder of this paper is organized as follows. In section 2.2 we provide an
overview of Prussian tax reforms related to incomes in the nineteenth century. Section
2.3 introduces our model. In section 2.4 we connect our model to historical data and

examine the reforms’ political feasibility before concluding in section 2.5.

2.2 Historical Background

In this section, we give an overview of the evolution of Prussia’s taxation of incomes. We
concentrate on four reforms: The introduction of a class tax in 1820, the combination of
income and class taxes in 1851, some adjustments in 1873 and the turn to a progressive

income tax in 1891. See Table 2.1 for an overview.

The Introduction of a Class Tax in 1820

In the beginning of the nineteenth century, taxation in Prussia differed a lot between re-
gions. This was especially true as new regions were added to Prussia after the Congress
of Vienna. The aim to standardize the system led to the introduction of a poll tax in
most parts of the state in 1811 (Hill, 1892). This system however only lasted for a few
years. Earlier attempts to follow the example of England and to introduce an income
tax were not successful due to resistance among the population (Teschemacher, 1912).
Thus, in 1820 it was not a statewide income tax to be implemented, but a class tax
for most parts of the state. It led to people being taxed depending on the social class
they belonged to. In bigger cities, however, class taxation was not used, but a grist and

slaughter tax was enforced (Schwarz and Strutz, 1902).

1811 ---- - Poll Tax.

1820 --- - - Introduction of Class Tax.

1848 - - - - Revolution in Prussia.

1849 - Introduction of Three-class Franchise.
1851 -~ - Class and Income Tax.

1873 -+ - Smaller Reforms towards Income Tax.
1891 - - Income Tax.

Table 2.1: Timeline of Reforms in Prussia
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After some adjustments in 1821, there existed four different classes: Especially af-
fluent and rich inhabitants in the first class, affluent residents in the second, lower
bourgeoisie and peasants in the third and wage laborers, servants and day laborers in
the fourth class. Each class consisted of three subclasses to take wealth differences
within classes into account, yielding twelve different tax amounts. The lowest amount
to be paid per year was % Thaler, while the highest was 144 Thaler (Schremmer and
Stern, 1989).

The tax function can therefore be summarized as
T T(i,j) =Ty, 1<i<4,1<j<3

where ¢ denotes classes and j subclasses. Here it is 144 =Ty > Tio > ... > Ty3 = %

Note that the distribution over classes was heavily skewed. The data in Engel (1868)
show that in 1851 the second class was twice, the third one ten times and the fourth
one even 100 times the size of the first class. Hill (1892) argues that the class tax was
perceived as a good compromise between a uniform per capita tax and an income tax.
The former was considered as unjust and inappropriate as it could not collect sufficient
revenue — the state’s financial situation was quite bad and an increase of tax revenue
was needed (and achieved). The latter required too much information about tax-payers’
financial situations. In fact, it was forbidden by law to use further information about
income. As the social class memberships were known by the government, identifying
the correct tax payment for somebody was easy and did not need additional information
(Hoffmann et al., 1840).

Class taxation is connected to the concept of tagging. Tagging means taxing peo-
ple depending on observable characteristics that cannot be changed by behavioral re-
sponses. If these characteristics are correlated with ability, redistribution of income
without distorting work incentives is possible (Weinzierl, 2012). According to the sec-
ond welfare theorem, differentiated lump sum taxes can be used to reach distributive
objectives without having to sacrifice first best efficiency. Assuming social classes to be

correlated with abilities to generate income makes the class tax an example of tagging.

The Combination of Class and Income Taxes in 1851

In 1845 there were plans to reform the class tax and to abolish the grist and slaughter
tax as its burden for the poor was perceived as too high. However, municipalities did
not want to waive the revenue out of this tax and did not believe that the class tax
could compensate for it. Furthermore, the members of the chambers — newly installed

after the revolution in 1848 — did not want to put a higher tax burden on themselves.
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As a compromise the grist and slaughter tax was not abolished and the class tax was
kept constant for most of the people, but replaced by a classified income tax for people
with incomes above 1000 Thaler (Spoerer, 2015).

In more detail, the first class was abolished, while the number of subclasses for the
other three classes was extended to thirteen with the minimum tax per year of % and the
maximum of 24 Thaler. Everybody with a yearly income above 1000 Thaler — especially
the former members of the first class — was assigned to one of 30 income intervals. Each
of these intervals was associated to a certain tax payment. These payments should not
exceed 3% of income and therefore started with 30 Thaler per year for the lowest interval

and ended with 7200 for the highest interval. The tax function can be formalized as

T(y) =T,, VY€ [Yn,Yns1),n € NS if i =1
T(i,j) =T, Yje€{l,2,3,4,5}, if2<i<4

T1851 .

where i denotes classes, while j and n denote subclasses. For i = 1 tax payments are
determined by income intervals 1, to y,41 with n € N30, Tt is 1000 =y, < g5 < ... <
y30 = 240, 000 with increasing interval sizes from 600 up to 60, 000. The tax payment is
T,, =~ 3% -y, for all n, yielding decreasing average and zero marginal tax rates within
the intervals. For the higher classes it is 24 =Ty > Thy > ... > Ty = %

This reform led to a substantial increase in tax revenue, showing that the class tax

had been very low for at least some individuals (Engel, 1868).

Some Adjustments in 1873

In 1873, the Prussian state’s fiscal situation was good due to French reparation payments
after the war and an economic boom. Thus, it was decided to relieve the poor by
abolishing the grist and slaughter tax. At the same time a poverty line was introduced
leaving incomes below 420 Mark (140 Thaler!) untaxed. In addition, the number of
income intervals in the classified part of the income tax system was increased and the
upper limit on tax payments, previously 7200 Thaler, was abolished. All together this
led to a higher tax burden for the very rich and more redistribution.

There was also a change concerning the identification of class membership for people
in the class tax part of the system (with incomes less than 3000 Mark (1000 Thaler)).
With the reform in 1873 their estimated incomes were used to decide which class they

belonged to. Thus, the former class tax became something very similar to an income

In 1871, a currency reform took place in which Thaler were exchanged for marks at a ratio of one
to three.

95



The Evolution of Income Taxation in Prussia

tax. This procedure did have a starting point earlier as already in 1867 instructions
existed which linked certain incomes to tax rates. At this point, however, these were
only unofficial reference points. In 1873 the connection between incomes and tax rates
became official (Hill, 1892). Nonetheless, the class tax did not only depend on estimated
incomes, but also took other factors into account, including a high number of children,
illnesses or indebtedness (Engel, 1875). Thus, some historians call it an income tax,
while others say it is only close to one. In any case, this reform abolished the sole
taxation of people according to their social class. The tax function can be summarized

as

T(y) =Ty, Yy € [Yn,Ynt1),n €N, ifi=1
T(y>z) = Tym(Z) vy € [ymvym-&-l)am € N§127 if 2 <i<4

7—1873 .

where ¢ denotes classes, while n and m denote subclasses. For ¢+ = 1 tax payments are
determined by income intervals 4, to ¥, with n € N. It is 1000 = y; < y» < ...? and
T,, ~ 3% -y, for all n. For the higher classes, tax payments are determined similarly,

but other factors z are taken into account.

The Progressive Income Tax in 1891

Except for an increase of the poverty line to 900 Mark in 1883, there was no real reform
up to the year 1891. Then, the so called Miquelian® tax reform took place. It essentially
abolished the class tax and the classified income tax and replaced them by a general
income tax. The exact tax payment still depended on income intervals and not on
the exact income. However, these intervals were much finer than before: The incomes
between 3000 and 125,000 Mark were divided into 75 intervals. Above, each interval
consisted of 5000 additional Mark. The income tax was progressive starting with 6
Mark per year for people with a yearly income between 900 and 1050 Mark. An income
of 3000 was already taxed by 60 Mark and one of 5000 by 132. These are tax rates of
below 1%, of 2% and of 2.64%, respectively (Hill, 1892). The top tax rate of 4% was
used for incomes higher than 100,000 Mark (Konigliches Statistisches Bureau, 1898).
Less than 3% of tax payers were now responsible for more than 70% of total income

tax amount (Buggeln, 2022). The tax function, can be summarized as follows

7—1891 . T(y) — Tyn ‘v’y S [yn7yn+1); n€eN

2Due to Konigliches Statistisches Bureau (1898) the highest documented income was 1.6 million
Mark, which corresponds to n = 112.
3Named after Johannes Franz Miquel, Prussian minister of finance.
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where tax payments are determined by income intervals y, to y,.1 with n € N. It is
= 60.

People with incomes above 3000 Mark had to hand in a tax return. False statements

y1 = 0 and T,, = 0 and for example y;2 = 3000 with T},
in these returns were punished by heavy fines. This reform also changed other taxes

and even implemented a wealth tax. In total, tax revenue increased.

Why these Reforms?

Some countries, including other German states, implemented income taxes much earlier.
The distinction of class tax and classified income tax did not seem appropriate anymore,
which could explain the last reform. Concerning the timing, Bismarck, the Prussian
prime minister, seems to be essential. He strongly preferred indirect over direct taxation,
and therefore blocked reforms earlier. After his retirement in 1890 these reforms became
possible.

However, it is still not obvious, why Prussian politicians supported this reform that
led to higher taxes for themselves. In general, the literature discusses three motives:
state capacity, demand for redistribution and a competition for political power.

In this paper state capacity is used as a synonym for potential tax revenue. The
aim to increase it can explain all reforms. Especially in 1820 and 1851 the government
needed money and therefore realized the reforms. Later on, the financial situation was
much better and not necessarily the reason for the reforms in 1873 and 1891. However,
increasing revenue potential can still be reasonable taking a possible future increase of
expenditures into account (Besley and Persson, 2011). In section 2.3 we show in detail
that the aim to increase state capacity can indeed be an explanation for all reforms.

The demand for more redistribution in times of growing inequality can also be a
reason for reforms (Acemoglu and Robinson, 2000). The revolution in 1848 led to a
change of the political system including the introduction of a voting system. A similar
pressure from left movements existed later on. For example it led to the introduction
of social security systems in the years after 1883. Turning to a progressive income tax
and using the poverty line can potentially be the reaction to pressure of the people.
Seligman (1894) argues that during the first half of the century achieving higher tax
revenue was the primary motivation for tax reforms, while equity concerns became the
driving motivation later on.

The third possible explanation is a competition for political power (Mares and Quer-
alt, 2020). For this explanation it is crucial to understand the Prussian voting system.
After the revolution in 1848, Prussia introduced a three-class franchise. In each district,
each voter was aligned to one of three classes depending on his personal tax payment.

The first class consisted of the minimum number of people responsible for one third
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of tax revenue. The minimum number of people other than those of the first class,
who were responsible for another third of tax revenue, constituted the second class,
while all others belonged to the third class. Therefore, the size of classes differed a lot.
However, each class decided about the same number of electoral delegates, who elected
the members of one chamber. Each class therefore had the same voting power. Thus,
for example in 1849, 5% of the population had the same political power as 80% of the
population (Becker and Hornung, 2020).

Each tax reform could change the composition of a voting class and therefore redis-
tribute political power. Especially, a socially more just tax policy increased political in-
equality. Attempts to keep classes constant by fictitious additional tax payments failed.
Thus, in 1888 the first class for example only consisted of 3.6% of voters (Buggeln, 2022).
Due to Mares and Queralt (2020) this gave the opportunity for strategic actions be-
tween land owners and the rising industrial sector. From the perspective of the landed
aristocracy a progressive tax system could push the tax burden to the industrial sector
without weakening their own political power.

In the following sections we concentrate on the argument of state capacity. We
show that all reforms increase the potential tax revenue even though various appealing
features of the prevailing tax system were given up. The reforms can therefore be
considered reasonable. Furthermore, we check if a majority benefits due to the reforms.
We show that the reforms are politically feasible even thought the political economy of

Prussia, with its three-class franchise, had its median voter in the top ten percent.

2.3 The Model

In this section, we use the workhorse model in the theory of optimal income taxation to
better understand the evolution of taxes described in the previous section. It is based
on Diamond (1998). We link our model to the different Prussian tax systems and show
under which conditions a system change leads to a higher tax revenue and is supported
by a majority of population and therefore said to be politically feasible.

Consider an economy with a continuum of individuals of mass one who differ in
their abilities n. Individuals’ utility u depends on consumption ¢ and pretax income
y: u(c,y,n) = ¢ —v(%), with v(-) being an increasing and convex function measuring
distaste of labor and £ describing the hours worked. Consumption depends on working

time, individuals’ abilities n and taxes T" and is therefore given by ¢ = y — T'(y). This
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results in

u(y,n, T)=y—T(y) —v <g> . (2.1)

n

We assume that preferences satisfy the Spence-Mirrlees single crossing property. Thus,
individuals with higher abilities choose higher incomes than lower types. This ordering
does not depend on the tax system. Abilities are distributed over an interval [n, n] with
the density function f and the corresponding cdf F.

We assume that the government wants to set taxes to maximize revenue R =
f: T(y)f(n)dn. In this context, governments must not overtax individuals. Thus,
Ti(y*) <yt — v(%) — e needs to hold. Here, y* denotes the income resulting from
the worker’s optimal labor choice and e a level of utility that the government needs to
guarantee. We can interpret e as well as the utility level of an outlaw who escapes the
state. Thus, taxes should not be so high that a worker’s after-tax utility falls below
this level, making escape from the state tempting. For simplicity, we assume e = 0 in
the following. This leads to the participation constraints 7'(y*) < y* — v(%).4

The government knows the share of each ability type, but ability itself is private
information of each individual. However, the government can observe individuals’ in-
comes.” Each class i is represented by a distribution of abilities F} over an interval
[n;,71;]. The highest class is denoted by m.5 It is assumed to be observable whether an
individual belongs to class ¢ or to another class.

With regard to the political feasibility of reforms and the question of whether indi-
viduals benefit from a tax change, the use of tax revenue is essential. If it were not
taken into account, people could only benefit by reducing tax payments. However, if
people benefit in other ways from increased tax revenue, they might also be in favor of
increasing tax payments. We assume that all tax revenue is returned to the tax pay-
ers with a uniform lump sum transfer. This mechanism can be understood as a basic
consumption level, offered by the government, or as the provision of a public good.

Denoting old tax regimes by old and new ones by new, yields the condition for support

40ne could also link an overtaxation to consumption instead of utility. In this case, the govern-
ment would need to make sure that consumption is non-negative, yielding the participation constraint
T(y*) < y*. This approach allows a different interpretation of individuals’ opportunities and the role
of a government. Here, avoiding taxes by living as an outlaw is not possible. The government will
find the individual, even if she is living as an outlaw, and will collect taxes. One can argue for both
approaches and both lead to similar results. In the following, we stick to the non-negative utility.

°It is reasonable to assume that the government did not observe incomes while taxing classes in
years before 1851. This allowed to save money for administration purposes, what was an additional
advantage of the class tax. To keep the analysis comparable for the different settings, we concentrate
on a scenario with observable incomes during all tax regimes.

6Note that this is not in line with the ordering of social classes in Prussia, but more intuitive taking
the increasing scale of abilities into account.
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by an individual of ability n

*,new

new *,new new *,new y
R 4 ytmew — T (y )—v(T

*,0ld
) S ROl 4 y*,old - Told<y*,old) . (y > ‘

(2.2)

In the following, we present scenarios with different tax systems along the historical
development in Prussia. We start with a poll tax and continue with a lump sum tax for
social classes. We then examine a mixed system of a class tax and an income tax, before
evaluating a comprehensive income tax. Thus, we look more closely at system changes
at two different levels: First, from lump sum taxes to an income tax and second, from
no tagging to tagging and back to no tagging. Sometimes these two developments occur
simultaneously. For each scenario, we describe the revenue maximizing tax payments
and examine the conditions under which the reforms increase tax revenue and can
therefore be understood as a measure to increase state capacity. We also examine if the
reforms are supported by a majority of population when tax revenue is rebated lump

suim.

2.3.1 A Poll Tax Before 1820

Before 1820 a poll tax was levied in Prussia. In the presence of this poll tax individuals
solve maxy. 3¢ — v (%) subject to ¢ = y — 1. The solution to this problem does not
depend on T and is denoted by y*(n), where y*(n) solves 1 = %v’ (%) It is the first-best
level of earnings for an individual of type n. The government chooses T' to maximize
revenue but must ensure that no participation constraint is violated. No worker should
be forced to pay a tax amount she cannot actually afford.

Depending on the ability distribution, it could be income-maximizing to choose a
high T, so that some participation constraints are violated, but the higher incomes
of individuals with higher abilities is better exploited. The implied case distinctions
about the distribution complicate the analysis without really providing new insights.
We therefore assume for the whole following analysis that the government does not
want to violate any participation constraint.

Thus, the participation constraint of agents with the lowest ability n determines the
tax T = y*(n) — v (yT(ﬂ)> and therefore revenue

w = [ Ton =y -0 (P2,
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2.3.2 The Introduction of a Class Tax in 1820

Between 1820 and 1851, the Prussian system was based on class taxation. This means
that the government could set a lump sum tax for each class. The general setting can

be described by the government’s maximization problem

max T, f;(n)dn 2.3
{Ti}rlizl/ni i 23
st. {lu=y—-T,—v <g> >0, for n,<n<mn}r,. (2.4)

n

Again, tax payments are determined by participation constraints of the respective

classes. It is T; = y*(n;) — v (%) and thus revenue is given by

=4

RO — Zj;F {y*(ni) — U (%ﬂ '

Evaluating the shift from a poll tax towards a class tax yields the following Proposi-

tion:
Proposition 7.
(a) A system change from a poll tax to a class tax increases tazx revenue.

(b) For disjunct classes, a system change from a poll tax to a class tax is supported

by a majority iff the individual of median ability supports the reform.

As higher classes and therefore higher skilled workers can now be taxed separately,
the system change obviously increases tax revenue.

Part (b) of the Proposition shows that the reform can, moreover, be politically fea-
sible. Here we use inequality (2.2) to check if an individual benefits from the reform.
For political feasibility, it is sufficient to show that an agent of median ability benefits.
This is due to the monotonicity of the reform whenever class intervals are disjunct?.
With a poll tax everybody pays the same taxes. Introducing a class tax allows to levy
higher taxes on higher classes. Thus, the change of taxes is monotonic in ability. If the
agent with median ability benefited from the reform, which means that the increase
in tax revenue more than offsets her higher tax payments, this would also be true for

lower abilities. Hence, more than half of the population would support the reform.

If classes were not disjunct and the median voter’s ability were in an intersection of classes, she
would still be the decisive voter for political feasibility, if she were member of the highest of the
intersecting classes.
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The observation that a median voter theorem applies to monotonic tax reforms is
due to Bierbrauer et al. (2021). This paper’s contribution is to show that the transition
of uniform lump sum taxation to class lump sum taxation actually is monotonic. Thus,

the theorem applies. For more details, all proofs can be found in the appendix.

2.3.3 The Combination of Class and Income Taxes in 1851

Following the development of the Prussian tax system, we now move to a situation in
which the state combines a class tax and an income tax. After the Prussian reform of
1851, the lower classes faced lump sum taxes as before, while the highest class was taxed
depending on income. Thus, we replace the last summand of the maximization problem
(2.3) by an income-dependent tax payment 7'(y) and keep the lump sum taxation in
all other classes. Since the government cannot regard workers’ abilities, the choice of
tax payments must ensure that workers do not want to lie about their abilities. There-
fore, incentive constraints for the highest class m must be added to the maximization
problem:

y*(n')

n

) =7~ (P 2 gy - 7o) - o

n ) vn)”’zﬂm

Note that the participation for the lowest ability type already implies the participation
of all higher types if the incentive conditions are met. Thus, the incentive constraints
replace the participation constraints except for the one of the lowest ability type:

V() = T ) = 0 (L220) 0 (25)

m

Solving this part of the government’s maximization problem leads to the following

equation

Tly) 1-F@) [ 1
T lym) ~ T (”e)’ (26)

where € is the elasticity of labor supply with respect to the net wage rate. It is a variation

of the famous ABC formula of Diamond (1998). The marginal tax rate is higher, the

f(n)
1-F(n)

negative behavioral responses when T”(y) is increased. For the part 1— F(n) this change

lower the hazard rate is. Here, f(n) captures the part of the population with

in marginal tax rate does not lead to behavioral responses, but increases tax revenue.

Thus, the lower f(n) and the higher 1 — F'(n) are, the higher is the optimal marginal
tax. However, this effect is scaled by the elasticity of labor supply. The higher ¢ and
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therefore the behavioral responses, the lower is the optimal marginal tax rate.

Total tax revenue in this tax system can be described by

m—1

Rmz.Fm+/%<nw@m+/5mwmmﬁfmm

_ Wf: F (y*(ﬂi) -V (%Z&)))

+/%<ﬂf@m+/q7m;::ﬁ0f@M,

=m 1—F(n) 14€

where T'(y*(n,,)) = y*(n,,) — v (%) is determined by the participation constraint
(2.5).
Evaluating the shift from a class tax towards class and income taxes yields the fol-

lowing Proposition:
Proposition 8.
(a) A system change from a class tax to class and income tazes increases tax revenue.

(b) For disjunct classes, a system change from a class tax to class and income tazes
1s supported by a majority iff the individuals of median ability benefit from the

reform.

The first part of the Proposition summarizes the reform’s revenue increasing effects.
For the lower m — 1 classes, taxes do not change. Thus, they have no effect on tax
revenue. For the highest class, this is different. Here, the government can exploit higher
incomes due to higher ability. Workers with higher incomes now have to pay higher
taxes. This more than offsets the implied distortion of individuals’ labor decisions.
Technically, the pre-reform lump sum tax is still in the planner’s choice set for the new
maximization problem. However, she chooses a different tax schedule due to equation
(2.6). Therefore, tax revenue increases compared to the previous class tax.

Part (b) of the Proposition shows that similar to Proposition 7, the worker with
median ability is crucial for political feasibility. If she profits, the increase in revenue
more than outweighs any potential increase in tax payments. Since the change of tax
payments in the highest class is monotonic (see equation (2.6)), all agents in this class
with a lower ability also benefit from the reform. The same is true for all lower classes,
since taxes do not change there. Thus, the median ability is decisive. Again, the
assumption of disjunct classes can be replaced by ordering the people by their social

class.
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2.3.4 Turning to an Income Tax in 1873 and 1891

After further reforms, Prussia completely stopped taxing people based on their social
classes. Therefore, this subsection formalizes a tax system based only on incomes.
The developments of the last subsection are now extended from the highest class to the
entire population. Incentive constraints for all agents need to be taken into account and
replace participation constraints except for the one of the lowest ability. The marginal
tax rate defined by equation (2.6) now applies to the entire population. This yields the

following tax revenue:

= [t + [ o) s

The properties of this system change are summarized in the following Proposition:
Proposition 9.

(a) A system change from class and income tazes to an income tax increases tax

revenue iff

YD, [(T(y* () = T () Ei + [, [, T/ (n))dn f (x)dx

P < T @)~ 70 () e
where T(y*(n)) =y*(n) —v (yT(n)> and T'(y) = m

(b) A system change from class and income tazes to an income taz, that increases tax

revenue, is supported by a majority if F,, > %

In the new system, discrimination between classes is no longer possible, but the
government can now discriminate within classes. The first part of the Proposition
shows that this can increase tax revenue. However, it depends on the distribution of
the population and its exact behavior as there are several counteracting effects. In
each former class, tax payments can now vary with incomes. This makes higher tax
payments possible.

At the same time, taxes now distort labor decisions. As seen in the former subsection
and Proposition 8, this alone would still increase revenue. However, the elimination of
all classes limits the possibility to distinguish between different abilities. Formally,
the participation constraints in (2.4) are replaced by stricter incentive compatibility

constraints. Only the participation constraint for the lowest ability is still part of the
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maximization problem. Depending on the shape of the marginal tax function and the
structure of former classes, revenue could decrease or increase.

For the highest class, however, the effects of the system change are clear. The
marginal tax rate has not changed. For individuals of ability n,, the participation
constraint is replaced by a stricter incentive constraint. Thus, the tax payments of
these individuals were at least as high in the old system as in the new system. The
entire class faces a reduction or at least no rise in taxes. If the size of this class is small
enough and tax revenue increases for the other classes, total tax revenue increases. This
is captured by inequality (2.7).

Part (b) of Proposition 9 gives a sufficient condition for political feasibility. If revenue
increases, members of the highest class benefit from the reform because they do not

have to pay higher taxes. If their size is greater than %, a majority supports the reform.

2.3.5 Convergence of Classes

Comparing the previous results with the evolution of the Prussian tax system, we see
that all reforms might have been useful under the perspective of state capacity. The
replacement of the poll tax by a class tax in 1820 definitely led to higher tax revenue.
The replacement of the lump sum taxes by the income tax for the top class in 1851 also
increased tax revenue. Things were less clear for the reforms of 1873 and 1891, when
the remaining lump sum taxes were replaced by an income tax without any tagging.
This last reform was the first one that stopped using tagging after its first use in 1820
and it is not obvious why the government implemented this reform.

We have seen in Proposition 9 that these reforms might have increased revenue. How-
ever, revenue could have been further increased by additionally using tagging. In the
sense of the reform in 1851, one could have distinguished social classes and could have
used income taxes inside these classes (see subsection 2.3.3). Tagging is an additional
possibility to distinguish individuals’ abilities and using this additional information
cannot make things worse. Why, then, did the government abolish tagging?

In the previous considerations, we modeled classes as intervals of abilities, each with
its own distribution. We also assumed classes to be correlated with abilities, meaning
that higher classes contained higher abilities on average. Concerning revenue gains, we
did not assume classes to be disjunct®. Thus, classes could potentially overlap. There
are some signs that this overlapping increased over time or at least the correlation of
classes and abilities became weaker. This was, for example, the view of Dr. Ernst

Engel, director of Koniglich Preuf$isches Statistisches Bureau. In 1878 he wrote:

8We only used disjunct classes for political economy statements in Propositions 7 and 8.
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Although it may have been necessary, as J.G. Hoffmann states in his classical
theory of taxes, to link the latter to large general characteristics in the
transition from indirect to partially direct taxation, this procedure could no
longer be maintained after the characteristics themselves had become highly
deceptive, and a tax assessment merely according to these characteristics

resulted in the greatest inequalities.”

In the beginning, tagging was useful, but classes became more and more arbitrary over
time. With this development the class tax led to different tax payments for people with
similar earnings or - in terms of our model - for same-skilled workers. Horizontal equity
in the sense that tax payments should be the same for individuals of the same ability,
is therefore violated. This is also the case for similar concepts as, for example, the
principle of equal sacrifice (Weinzierl, 2012). This violation could be an explanation
for the abolition of class taxation. Moreover, the development can as well weaken
the advantages of tagging concerning tax revenue. To show this formally, we use a
perturbation approach. In the following, we assume only two classes to exist, each with
a distribution over abilities f;(n), for i € {1,2} and n € [n,n]. The perturbation of
class’ i distribution is denoted by fi(n) + dg(n). Here, g(n) is the derivative of G(n)
with G(n) = G(n) = 0. This ensures that the properties of a distribution still apply.
To compare the case of tagging to the one of no tagging, tax revenue is compared and
denoted by RT and RN, respectively.

Using this notation, we can state the following Proposition.
Proposition 10.

(a) Assume that the ability distributions over the two existing classes are given by
fi(n) and fo(n), with fo(n) = fi(n) + dg(n). Then, it is lims o RT — RNT = 0.

(b) Assume that the ability distributions over the two ezisting classes are given by
fi(n) and fa(n), with fa(n) = fi(n —6). Then, it is lims_,o RT — RNT = 0.

Part (a) of this Proposition is about a perturbation of an existing distribution, while
part (b) is about a shift along abilities. Reducing both, and therefore making the
classes more and more similar reduces the benefits of tagging, although they are always
positive. This result is intuitive. The contribution of this paper is, however, to show it
formally. The proofs can be found in the appendix.

A government could for example set a minimum level of additional revenue for tagging

to be considered beneficial taking the disadvantages of horizontal equity and feelings

9See (Engel, 1868), page 115.
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of injustice or higher administrative costs due to tagging into account. Proposition
10 states that converging distributions at some point fall below this level. This may
explain why the government no longer used tagging. At some point gains of tagging

are small enough to be outweighed by other considerations.

2.3.6 Pareto-Improving Reforms

In this subsection we return to political feasibility. We have seen that a majority of
population can benefit from the reforms. This is also true taking the special Prussian
voting system into account (see section 2.4). In all these cases, people with low abilities
are in favor of the reforms, but at least parts of the high-ability elites are not.

One could argue that these elites are essential for successful reforms although formally
there is a political majority without them. In this case it would be a puzzle why
they decided to change the tax system and impose higher taxes on themselves. As
discussed earlier, they could support the reforms for other reasons, such as strategic
considerations towards certain subgroups of elites (Mares and Queralt, 2020). However,
one can explain this puzzle without these considerations. One possibility is to state that
higher tax revenue increases production and therefore consumption (Barro, 1990). An
even more intuitive way is to think of high marginal returns concerning public goods
which are financed by taxes. This scenario is especially likely in a situation with a low
state activity as it was the case in Prussia at some point.

We formalize this by changing the utility function to the following form:

u(y,n, T,R) = ¢ <ny —T(y) —wv (g)> + w(R).

n

Here, ¢(-) and w(-) are increasing and concave functions measuring utility out of
consumption and the public good, respectively. Due to the concavity of the functions,
wealthy people can benefit from giving up consumption and getting more of the public
good instead: As they have a high consumption in the status-quo and a much lower
amount of the public good, a reduction of consumption would possibly not decrease
utility as much as more of the public good would increase it. In this case a reform can
be Pareto-improving. This of course depends on the curvature of the functions ¢(-) and
w(+). The following Proposition summarizes the requirements for Pareto-improvement

on the example of the system change from a class tax to class and income taxes.
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Proposition 11. A system change from a class tax to class and income taxes is Pareto-

improving iff

Rnew Cold(n)
/ w'(R)dR > / ¢'(c)de. Vn >mn,,, (2.8)

Rold cnew (n)

n)—o (1L
w3 (- (F22)) + [ (T@*mm)) <[ T'(y*(n))dn) f(w)d,

T'y) = S
fmn €
1-F(n) e+1 +1

The Proposition shows, that the reform can be Pareto-improving if the curvatures
of the functions are appropriate for the corresponding changes in consumption and tax
revenue. Note that inequality (2.8) must hold for all n > n,,, since it is not clear who
in this group suffers most from the reduction in consumption. This reduction is highest
for ability type n,,. However, due to the curvature of ¢, the utility loss could be higher
for lower ability types. At the same time, inequality (2.8) does not need to hold for
n < n,, since their tax payment and their consumption do not change. They benefit

from the reform.

2.4 Empirics

In this section, we aim to connect our theoretical results to historical data and to
better understand the various tax reforms. Remember, that we have formulated three
Propositions concerning the reform from a poll tax to a class tax, from a class tax to a
combination of class and income taxes and from the combination of class and income
taxes to a pure income tax. Each Proposition formulates conditions for an increase in
revenue as well as for a majority supporting the reform. We now use historical data to
check if these conditions hold in reality.

In the Propositions’ proofs the monotonicity of reforms plays an essential role. In
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reality, however, reforms are not always monotonic since reforms are not only about the
system change but at the same time also for example about reducing the tax burden
for poor or rich people. Thus, we do additionally check the reforms’ monotonicity and
if they are indeed revenue increasing and politically feasible.

In the last sections, we called a reform politically feasible whenever a majority of
people supported it. In Prussia, however, it also makes sense to take the special three-
class franchise (see Section 2.1) into account. This makes things different as a voting
power majority is now in general not the same as a population majority.

Obviously, this has consequences for the definition of a median voter as well. In the
median voter theorem of Bierbrauer et al. (2021) the median voter is of interest as she
defines a threshold for population’s voting power. Having all people with higher incomes
than the median voter and the median voter himself being in favor of a reform results
in political feasibility. In the Prussian voting system after 1849, someone with the
median income does not define the crucial point for population’s voting power anymore
as people with higher incomes have higher voting power. Here the threshold is defined
by the one with median income in voting class two.

This new definition transfers to our Propositions (7), (8) and (9) as well. In these
Propositions the decisive voter for support of a majority was the one with median
ability. Taking the three-class franchise into account, the decisive voter now is the one
with median ability inside voting class two.

We keep the assumption from section 2.3 that tax revenue is rebated lump sum. Thus
inequality (2.2) determines if somebody supports a reform.

For the checks in this section, knowing the distribution of incomes in reform years is
necessary. In Engel (1868) and Engel (1875) one can find income distributions that have
been used to estimate future tax revenue for 1851 and 1873. Furthermore, Konigliches
Statistisches Bureau (1898) offers a way more detailed distribution of incomes for 1891.
Thus, it is only the reform in 1820 for which we do not have a distribution. Here we
use the one of 1851 again.

Note, that data is limited in several ways. For example, we do not know how income
distributions change after a reform. We therefore take the distributions constant and
ignore potential behavioral responses to tax reforms, but only look at mechanical effects.
Or to put it in another way, we assume the elasticity of taxable income to be zero.
Furthermore, we do not know the residence of people. Thus, we cannot correct our
data analysis for the people who live in larger cities and face a different taxation up
to 1873 with the grist and slaughter tax. Hence, the following analysis can only be a

sketch of reality, but it can still visualize and better explain reforms.
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Reform 1820 Reform 1851
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Decile Decile
(a) Reform in 1820. Own Calcu- (b) Reform in 1851. Own Calcu-
lation Based on Engel (1868) and lation Based on Engel (1868) and
Schremmer and Stern (1989). Schremmer and Stern (1989).
Reform 1873 Reform 1891
0 2 8 : 1‘0 ’ 0 2 8 16
Decile Decile
(c) Reform in 1873. Own Cal- (d) Reform in 1891. Own Calcu-
culation Based on Schwarz and lations Based on Schwarz and
Strutz (1902), Engel (1875) and Strutz (1902), Engel (1875) and
Konigliches Statistisches Bureau (1898). Koénigliches Statistisches Bureau (1898).

Figure 2.1: Change in Tax Burden Depending on Deciles for Different Reforms

The Introduction of a Class Tax in 1820

The reform in 1820 was from a poll tax to a class tax. In figure 2.1a the average change
in tax burden for income deciles is shown based on the distribution in Engel (1868).
First of all, we can notice, that there is no tax cut for anybody and that the reform is
monotonic. In Proposition 7 we showed that revenue increases and that the reform is
politically feasible if the median voter benefits.

Looking at the data, we see that revenue indeed increased. The median voter here
is described by the one with median income as the three-class franchise did not exist
at this time. She had to pay 0.5 Thaler before the reform and 1.5 Thaler afterwards.
Revenue per capita increased from 0.5 to 5.7. Thus, the median voter benefited. At the

same time, more than 80% of the population benefited. Therefore, the reform indeed
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is political feasible and Proposition 7 is in line with reality.

The Combination of Class and Income Taxes in 1851

As mentioned in section 2.2, the financial situation of Prussia before 1851 was bad.
Hence, it needed to raise more taxes. In 1851 it changed the system by transforming
the class tax for the highest social class into an income tax. Proposition 8 shows that
this leads to an increase in tax revenue and is political feasible if and only if the median
voter benefits.

Figure 2.1b shows that there was no tax cut for anybody: The lowest five deciles
did not face a change in taxes, while taxes increased for higher deciles. Obviously, this
indeed led to higher tax revenue.

Taking the three-class franchise into account, the median voter belonged to the ninth
decile. She had to pay 4 Thaler per year in taxes before and after the reform. As tax
revenue increased, the reform was clearly beneficiary for her.

Since the reform was not completely monotonic, it is not obvious if it was indeed
politically feasible. However, Bierbrauer et al. (2021) show that the median voter is
often a good estimator for political feasibility if the reform is monotonic at large. Here

this holds true, as individuals with a majority of voting power benefited.

Turning to an Income Tax in 1873 and 1891

The reforms in 1873 and 1891 both are parts of a transition to a pure income tax. The
situation before these reforms was different to the one in 1851. As explained in section
2.2, the state’s financial situation was good. Thus, the reforms were not only about
raising taxes, but also about relieving the burden on individuals with lower incomes.
Our data show, that tax revenue decreased during the reform in 1873 and increased in
1891. This is in line with Engel (1868) and Spoerer (2015), respectively.

This development is visualized by the graphs in figure 2.1c and 2.1d. For 1873 there
is a decrease in tax burden for each decile. Only some parts of the tenth decile face a
higher tax burden. At the same time, this leads to a non-monotonic part of the reform.
Things are a bit different for 1891. In the first six deciles, there is no change in tax
payments. After that, tax burden decreases, but is finally much higher in the tenth
decile. Here, the eighth and tenth deciles are exceptions to monotonicity.

Concerning political feasibility, Proposition 9 formulates a sufficient condition (F,, >
%) This condition, however, is not satisfied. As explained before, the median voter can
be a good estimator for a reform that is monotonic at large. But this is only the case

for the reform in 1891 and not for the one in 1873. For the latter, the median voter was
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Figure 2.2: Change in Tax Burden Inside the Tenth Decile for the Reform in 1891.
Own Calculation Based on Schwarz and Strutz (1902), Engel (1875) and Konigliches
Statistisches Bureau (1898).

part of the ninth income decile and faced a decrease of tax revenue per capita of 2.7
while her tax payment decreased from 24 to 15 Mark. Thus, she benefited due to the
reform. However, individuals with a majority of voting power did not benefit meaning
that this reform is not politically feasible.

This looks completely different in 1891. The median voter was part of the tenth decile
and the per capita increase of tax revenue was 0.6 Mark while her tax payments per
year decreased from 126 to 118. This decrease cannot be seen in figure 2.1d. Zooming
in shows how heterogeneous this decile is. Figure 2.2 presents the ten percentiles inside
the tenth decile. Only the people with the highest incomes face a dramatic increase of
tax burden yielding the increase in total tax revenue. Thus, most of the people support
the reform and it is politically feasible. Here, the support of median voter and political
feasibility are in line again.

Note, that the shift of median voter’s decile from the ninth to the tenth is the result
of a higher inequality in tax payments. It can be explained by higher taxes for the rich
after the 1873 reform, by zero taxes for the poor after the abolition of the lowest classes

in 1883 and by a general change of income distribution between 1873 and 1891.

2.5 Conclusion

This article takes a look at certain Prussian tax reforms. During these reforms, lump
sum taxes and tagging were used and abolished after some time, although they are

useful instruments from a modern tax theory perspective. Augmenting the model of
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Diamond (1998), we explore reasons for this kind of reforms. We find that all reforms
can lead to a higher tax revenue and can be politically feasible. Furthermore, we discuss
limits of tagging and conditions for Pareto-improvements.

In a final step, we use historical data to check our theoretical results. Most reforms
increase tax revenue and are politically feasible taking the Prussian three-class franchise
into account.

Future research could try to improve historical data analysis. Further assumptions
on income distributions could possibly solve the problems caused by data limitation.
Moreover, one could also take the grist and slaughter tax into account as it is connected

to income and class taxes.
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2.A Appendix

Proof of Proposition 7

(a)

Due to the participation constraints, a poll tax is defined by the lowest ability type.

It is T = nv'~*(n) —v(v'~'(n)). Thus, total revenue is RF = nv'~*(n) —v(v'~*(n)).

Using classes allows for different taxes. Each is defined by the lowest ability in
a class. Total revenue therefore is given by R = > no' ' (n;) — v(v' " (n;)).
Utility is an increasing function. Thus, for higher abilities the tax T; can be set

higher. This yields a higher total tax amount.

This is a monotonic tax reform since the additional amount of paid taxes increases
monotonically by ability. Thus, the median voter theorem of Bierbrauer et al.
(2021) applies.

Proof of Proposition 8

(a)

After this system change, all individuals face the same tax payments as before,

except for the one in the highest class. Here, it is

Ty 1-F) (1),

L=T'(y(n))  fln)n €

Thus, tax payments for this class differ compared to the ones before the system
change. Since the old lump sum taxes are in the possible choice set of the maxi-
mization problem, but they are not chosen by the planner, tax revenue increases

in the new system.

As tax revenue increases, all lower classes benefit due to the reform. In the highest
class, the reform is monotonic. Thus, there exists a threshold in the highest class.
Below the threshold everybody benefits, above nobody does. Thus, the reform
is supported by a majority if and only if the median ability individual is below
this threshold. Otherwise more than half of the population would not benefit and

therefore not support the reform.
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Proof of Proposition 9

(a) In a system of class and income taxation, tax revenue consists of class tax and

Income tax. It can be summarized by

m—1

Rep = Z[nyé(ﬂi) — v(y&(n,)) F

)

—m

xT

ny3 () — vy} () + /

n,

T’(y*(n))dn] f(x)dx

m

with yg(n) = nv'~!(n) —v(v'"!(n)) and y;(n) = no'= (1 = T"(y))n) — v(v" (1 -
T")n)). After the reform it is

fi= [ty [ 7 ) e

Thus, the change in tax revenue is given by

T:Z_: [(yF(ﬂ) —v (y}éﬂ)) - {yé(ni) —v (%)D F,+ /nn /: T’(y)dnf(x)dx]
(o (2) (420

S [T ) = Tl ) F+ 27 2T () dn f ()|
Ty () - T (1) '

This is positive whenever

F, <

(b) Due to the additional incentive constraints, tax payment 7'(n,,) for individuals of
type n,, cannot increase after the reform, but decreases. As the marginal tax rate

does not change for all individuals with n > n_,, all individuals of group m face

m?
lower tax payments. As the total revenue increases, they definitely profit due to
the reform. If this group’s mass is more than half of the population, a majority

supports the reform.

Proof of Proposition 10

(a) There are two classes i = 1,2 containing the interval [n,7]. In the first one,

individuals are distributed due to the density function f;(n). For the second one,
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it is fo(n) = fi(n) + dg(n), where g(n) is the derivative of G(n). The latter is a
continuously differentiable function with G(n) = G(72) = 0 and § > 0 is a scalar.
The distribution over the whole population is given by f(n) = fi(n) + fa(n) with
the corresponding cumulative density function F'(n) = Fy(n) + Fi(n) + 0G(n).

Without tagging, tax revenue of an income tax is given by

RNT:/n

1

TW@»*/ [NOED
% 122F (n)—8G(n) e+1

(2f1(x) + dg(x))dx.

With Tagging, each class gets its own marginal tax rate and total revenue is given
by

v 1
1) + | o

n 1—2F1(n)€+L1 +1

fi(z)dz

x 1
T(y<ﬂ)) +/ 2(fi(n)+dg(n))n ¢ 1d’l’L
1 2(Fy(n)—6G(n)) e+1 +

(f1(z) + dg(x))dx.

Decreasing the differences in distributions between classes is equivalent to § — 0.
We want to show that lims_o RT = lims_,o RNY?. To do so, we define a function

sequence h,,(n), with

1

hm(n) = 2(f1(n)+Lg(n))n . 1
a(F () + L) T

We replace 6 by %, thus m — oo corresponds to 6 — 0. As the fraction in the

denominator of h,, is positive, we know that it is h,,(n) < 1 = H(n). Furthermore,
h.,, converges pointwise to h(n) = —rmm——
1-2F((n) e+1 +1

pointwise converging sequence that is dominated by an integrable function H(n)

. The compact interval [n, x] and a

are conditions of the dominated convergence theorem. It implies that

) * 1 . 1
L TGS PO +1d”_ /n e +1d”
T I2(AR(m)+LG(n)) e+l = 1=2(Fi (n)+4G(n)) e+l

£ 1
= / dn.
2f1(n)n ¢
n 1721F1(n) e+1 +1
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A similar argument holds for the outer integral. We define

x 1
ko (x) = T(y(ﬂ))Jf/ 2(fi(n)+g(m)n ¢ 1
T 1-2(Fi(n)+LXG(n)) e+l +

dn (fl(x) + %g(w)) .

Again, k,,(x) converges pointwise to k(z) = [T(y(@)) + f; Wﬂdn] fi(z)
T 1-2F1(n) e+1

and is dominated by the function K(x) = T'(y(n)) + (z —n)(fi(x)+|g(x)|). Thus,

due to the dominated convergence theorem, we can shift the limit inside the outer

integral and it is

g 1
Tm)+ [ an
- film)n e
n 1—21F1(n) e+1 +1

fi(x)dx

i v 1 1
fm [ |Tw) + /n ST TR (fl(x)—kag(a:)) di

T 1-2(Fi(n)+ = G(n)) e+l

n xr 1
:/ T(:U(ﬂ))"‘/ 2h(mn ¢ dn fl(CL’)dCL’
n o 19F (n) e+1 +1
n x 1
+ / T(y(n)) + / AL dn| fi(z)dz
o o 12F1(n) e+1 +1
n x 1
_2/ T(y(@))—l—/ RO dn| fi(x)dx.
n ' 12F (n) e+1 +1

For the revenue in the non-tagging case, the argumentation is similar and it yields

n

xr
. . 1
i R =1lim | T(n) + / G (2f1(2) + d0g(x))dz
n 2 12Rm-0Gm 1 T 1
n T 1
:/ T(@)—l—/ e 2f1(x)dx.
o o 19F(n) e+1 +
Thus, it is

lim RT — RNT = .
d—0

(b) Let RT denote the revenue under the usage of tagging and R™7 the one without.

First of all, notice that using tagging is equivalent to a maximization problem
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with fewer incentive constraints. Thus, it is always RT — RNT > 0.

There exist two classes. The distribution over both classes is exactly the same
except for a shift § in ability. Thus, the distribution over class 2 satisfies fo(n) =
fi(n —9), where fi(n) is the distribution of class 1. We follow earlier notation
and assume the classes to be distributed between abilities n; and n; and n, and
Na, respectlvely Here it is n, = ny + 0 and ny = ny + 9. It holds fm fi(n)dn =
f n+5 n)dn = 5. Thus, the distribution over the total population has the usual

propertles and 1ntegrates to one.

Tax revenue with tagging is given by

n T 1
R = [ 70m) + [ pe | file)ds
n o 12F(n) e+1
n+0 x 1
n+o n+§ mm +1
n T 1
[ 1w+ [ g | Al
n % 129F(n) e+1 +1
i+
+/ T(y(n+9)) + TACICES dn| fi(x —0)dx
n+o {1 2F1+ a1
- [ |+ [ 5 fle)de
- fl( ) _€
o o 12Fi(n) e+1 +1
n x 1
T / T(y(n +6)) + / o ———dn| fi()da
n I S RO

Using similar arguments as in the proof for part (a), we can apply the dominated

convergence theorem that yields

lim RT = /
0—0 n

Tm) + [ | fi)ds

€

L 1-2F1(n) e+1 +1

1

T(y(ﬂ))+/ (151% 2/1(n)(n+8) ¢ +1dn
n 1—2F (n) e+1

T(y(@))J“/gC zfl(n)nl dn| fi(z)dz

n Topmet T L

fi(z)dz
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For the non-tagging case, it is
n+4 T 1
Tly(w) + / (A At < 5 "
n IR () —Fi(ned) 41 T

lim RMT =1lim
—0 d—0 n

(fi(z) + fi(z — 8))dz.

Here, things are a more difficult as J is in the integrand as well in its boundaries.

We define

z 1
T(y(ﬂ))+/ L)+ frn—n < 1dn
D 1R (n)—Fr(n8) e+1 T

h(n, o) = (fi(x) + fi(z —9)).

As a combination of continuous functions, h(n,d) is continuous as well. Due to
the Stone-Weierstrass theorem there exists a sequence of polynomials pg(n,d) of
the form p(n,d) = S, Z}]:1 cijt'67 with 0 < I,.J < oo such that the sequence

converges uniformly to h(n,0). For these polynomials, obviously it is

n+48 n
lim h(n,d)dn:/ h(n,0)dn.
6—0 n n
Thus, it is
n+4d n+4d
(151_r>r(1) g h(n,5)dn:(151_r>% 5 ]}Lrgopk(n,d)dn
it
= lim lim pr(n,d)dn

k—00 6—0 n

= lim [ pp(n,0)dn

k—o0 n

/ lim pg(n,0)dn
k—o0

/ h(n,0)dn,

where we used the uniform convergence to swap the limits as well as limits and

the integral. Therefore, we know
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v 1
T(y(ﬂ)) +/7; (F1(n)+fr(n—0))n < n 1dn] (fl(m) + fl(x - 5))dl’

o 1-Fi(n)—F1(n—0) e+1

v 1
T(y(ﬂ)) +/ 2f1(n)n < dn
o 19F|(n) e+1 +1

fi(x)dx.

It follows

lim RT — RNT = .
d—0

Proof of Proposition 11

Due to the system change from a class tax to the combination of class and income tax,
the lower classes face the same tax payments as before. As seen in proposition 8, tax
revenue increases and the lower classes therefore benefit from the reform. Thus, one can
focus on the highest class in the following. Here, people face higher taxes and therefore
a lower consumption, but a higher amount of the public good R. Hence, an individual
of ability n profits, whenever the increase in utility out of the public good is bigger
than the decrease in utility due to lower consumption. This directly leads to inequality
(2.8). The integral boundaries R, R"% c°d "% result from optimal behavior and

tax payments in the old and the new system, respectively. O
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Chapter 3

Tax Morale, Identity and the

Question of Decentralization

By Anna Kremer and Marco Wysietzki

Abstract

This paper contributes to the literature on fiscal decentralization. We argue that
tax morale is important for deciding whether or not to decentralize a system
and that place identity is a relevant determinant. In an empirical cross-country
analysis, we confirm other literature in the sense that fiscal decentralization and
national identity both have a positive impact on tax morale. We further examine
the interaction of these effects and investigate the role of other levels of identity,
i.e., regional and local identity. We find a significant impact of all levels, with
the local identity level being particularly strong. We introduce a theoretical
framework to connect our results to previous theoretical considerations. It allows
us to assess whether tax morale and place identity make a decentralized or a
centralized system preferable. For the example of Germany, we show that a

decentralized one is preferred.
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3.1 Introduction

The optimal design of tax systems is a fundamental issue in public economics with
many economic implications. A key element of design is whether the tax system is
centralized or decentralized. In the first case, taxes are collected and allocated by a
national government, while in the second case, subnational governments collect and
allocate substantial amounts of taxes within their jurisdictions.

A well-known result in the context of the debate on centralized or decentralized
tax systems is the theorem of Oates (1972). It states that a decentralized system is
better aligned with regional preferences in the provision of public goods, but has higher
costs due to scale effects. According to Oates (1972) a decentralized system should be
preferred whenever the gain from matching preferences outweighs the additional costs.

The theorem is often debated. For example, Besley and Coate (2003) argue that
heterogeneous preferences cannot only be aligned with a decentralized system, but also
with a centralized one. In general, it is difficult to measure preference heterogeneity
and thus assess whether a centralized or a decentralized system is preferable. In this
paper, we therefore refrain from focusing on preference heterogeneity, but instead focus
on tax morale.

Various studies find that a decentralized tax system decreases justification of evading
taxes (e.g., Giith et al., 2005; Torgler and Werner, 2005; Torgler et al., 2007; Lago-Penas
and Lago-Penas, 2010; Lopez-Laborda et al., 2021). Tax morale, as this justification is
commonly referred to, is measured in certain surveys. It is highly correlated with actual
tax compliance (Torgler, 2004) and therefore a variable of interest. One might expect
the impact of decentralization on tax morale to depend on individuals’ place identity,
which is an umbrella term for local, regional and national identity. People with strong
identity might benefit more from a decentralized system and thus increase their tax
morale. This could especially be the case, if they feel connected to and responsible for
their local or regional communities. They might appreciate the better met needs in a
decentralized system (Tiebout, 1956) and increase their tax morale. This could be the
case independent of their national identity. We therefore include place identity in our
analysis. Existing studies show that an individual’s strong national identity or being
more patriotic is related to higher tax morale (Konrad and Qari, 2012, Andreoni, 1990,
MacGregor and Wilkinson, 2012). We add to the literature by providing a closer look
at regional and local identity.

To formalize these effects, we introduce a stylized model that builds on feelings of
morale concerning tax evasion depending on the fiscal system and the degree of place

identity. It allows us to analyze how tax evasion and welfare differ between a decentral-
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ized and a centralized system. We connect this analysis to the theorem of Oates (1972)
and identify parameter ranges for which the theorem would suggest a centralized sys-
tem, while welfare would actually be higher in a decentralized system given the effects
on tax compliance.

In a next step, we empirically investigate the impact of decentralization and place
identity on tax morale. We quantify the effects using survey data from the European
Value Study (EVS), the World Value Survey (WVS) and fiscal data (from OECD and
IMF). We confirm the results of other studies concerning the positive effect of decentral-
ization on tax morale. Moreover, we find that national, local and regional identity have
a positive effect. We are the first to measure the impact of regional and local identity in
this context. The effect of local identity seems to be the largest numerically, although
we cannot reject the hypothesis that all identity levels have the same influence. The
coefficient on the interaction of local identity and decentralization is negative, meaning
that decentralization has a higher positive impact on people with lower local identity.
We argue that this can be explained, among others, by scale effects.

To better understand size and impact of our results, we finally turn to the example
of Germany. We calibrate our model and check if the existing decentralized system in
Germany is preferred over a centralized one. Under reasonable assumptions concern-
ing administrative costs, the decentralized system yields higher welfare compared to a
centralized system.

The remainder of this paper is organized as follows: In section 3.2, we present a broad
overview of the related literature. Section 3.3 introduces a model that links tax morale,
identity and the theorem of Oates. In section 3.4, we first describe the used data and
our empirical strategy, before we summarize our results and discuss an additional IV

approach. We calibrate our model in section 3.5 and we conclude in section 3.6.

3.2 Literature Overview

Our paper contributes to two strands of literature. First, it relates to the literature
that seeks to find out about determinants of tax morale. Here, we concentrate on the
impact of a tax system being centralized or decentralized and on the individual’s place
identity. Second, we contribute to the literature on the question of whether a centralized
or decentralized tax system is preferable.

Concerning the first strand, Giith et al. (2005) show in an experimental study that a
centralized tax system induces a lower tax morale. Likewise, Torgler and Werner (2005)
confirm this effect for German municipalities, while controlling for a detection rate and

socio-economic factors. In a very recent study, Lépez-Laborda et al. (2021) confirm
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this connection for the example of Spain. As an additional factor in a decentralized tax
system, Lago-Penas and Lago-Penas (2010) show that rich European federal regions
have a lower tax morale, which they attribute to inter-regional transfers. In the same
context, Torgler et al. (2007) study Switzerland in the 1990s and find that cantons with
a higher direct democratic participation or local autonomy have a higher tax morale.
In this paper, we confirm the positive relation between decentralized tax systems and
tax morale. Furthermore, we connect this to the impact of place identity on tax morale
and check if there is an interaction.

Various studies show that the decision whether or not to pay taxes depends on various
personal psychological aspects. These include personal ethics or social norms (e.g.,
Grasmick and Bursik (1990), Bosco and Mittone, 1997; Wenzel, 2004) or perception of
fairness (e.g., Murphy, 2003). A more extensive discussion is found in Wenzel (2007).
One of these factors is national identity. Its positive impact on tax morale has been
proven in multiple previous studies: Torgler and Schneider (2004) show this relation for
different European countries and Torgler (2004) looks at Asia. Torgler (2005) focuses
on Latin America, while Martinez-Vazquez and Torgler (2009) provide evidence by the
example of Spain. All studies check the impact of multiple variables on tax morale,
including national pride. They employ different proxies from survey data, such as the
EVS and the WVS, and find a link between higher pride in national origin and higher
tax morale.

Konrad and Qari (2012) evaluate the impact of national pride on tax compliance.
They refer to patriotism instead of nationalism because the latter implies the rejection
of other groups, e.g. migrants. Using ISSP data, they find a robust positive association
between patriotism and tax morale for eight mostly Western countries. Furthermore,
they try to resolve simultaneity through an IV approach with election participation and
membership in a sports club as instruments. They find the effect to be causal. They
admit that their instruments are not very strong, however.

MacGregor and Wilkinson (2012) are also specifically interested in patriotism and
criticize the literature’s focus on people’s acceptance of tax evasion. They examine
whether taxpayers’ views are influenced by patriotism in a broader sense. Using sur-
vey data from an Income Tax Assistance program, they find a significant association
between patriotism and taxpayer attitudes. Among other aspects, patriotic individuals
are more likely to support higher taxes and a progressive tax system.

All previous studies analyzing tax morale and identity have examined patriotism or
identity at national level. In this paper, we confirm this relationship. Besides, we add
the consideration of local and regional identity. Using an experimental approach, Gangl

et al. (2016) show a relation between local identity and tax morale. Their reasoning
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corresponds with our assumption that the identity of individuals often differs between
local, regional and national levels. We aim to contribute to their findings and can,
opposed to Gangl et al. (2016), build on a data set that directly encompasses local and
regional identity.

As a second strand, we contribute to the literature on the question if centralized or
decentralized tax systems should be preferred. It is theoretically investigated in the
seminal papers of Tiebout (1956) and Oates (1972). Tiebout (1956) argues that local
spending could better reflect local preferences than national spending. Oates (1972) on
the other hand places greater emphasis on the more efficient provision of public goods
in a centralized system due to scale effects.

We link this topic to our previously outlined considerations, specifically we integrate
tax morale into the assessment of a decentralized tax system. We are the first to check
whether the level of place identity acts as a mediator for tax morale depending on the
decentralization of the tax system. If this is the case, it would provide new arguments
for the question of whether a centralized or decentralized system is preferable. We

therefore connect our analysis to the theorem of Oates (1972).

3.3 Theoretical Considerations

In this section we formalize our previous considerations and introduce a simple model
based on Besley (2020). The strength of our model is the focus on the channels between
our variables of interest and the refraining from other standard explanations in the
literature. This allows us to calibrate our model in section 3.5.

Our model enables us to relate to the theorem of Oates (1972). It formulates a
trade-off regarding decentralization: A decentralized system can better fulfill the needs
of a population, but is associated with higher costs due to scale effects. We aim to
specify under which conditions identity and tax morale impact the decision in favor of
a decentralized or a centralized system. Furthermore, we investigate how this impact
changes Oates’ theorem.

We consider a country populated by a continuum of individuals of measure 1. The
government may choose to tax and provide public goods either centrally or decentrally,
denoted by the index C' and D, respectively. Following the considerations of Oates
(1972), the latter improves the quality of public goods, but entails additional costs.

Each individual gets utility from consumption ¢ and a public good G. To finance
both, individuals have an endowment e and are expected to pay taxes at a rate t.
However, each individual can decide whether to evade a share n of the intended taxes.

Consumption is thus given by ¢ = e — e(1 — n)t. One could decide to fully free-
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ride, choose n = 1 and consume the full endowment. Similar to standard models for
tax evasion (e.g. Allingham and Sandmo (1972)), detected evasion implies a penalty.
Furthermore, moral feelings shape the individuals decisions. Both leads to a choice of

n € [0,1]. In a system j, with j € {C, D}, utility is therefore given by
Ul=G7 +e—e(l —n)t—eH(n) — pyn — poynd? — usnl® — on. (3.1)

First, note that the public good G’ differs for a centralized and a decentralized
system. This takes into account that a decentralized system can offer public goods in
a region-specific way, yielding a higher quality and, thus, a higher utility for people
in these regions. At the same time, the decentralized system is associated with higher
costs 6P, It is therefore G¢ = T¢ — 6¢ and GP = (TP — §P), with a > 1, §P > §¢
and TV = et(1 — n) describing tax revenue.

Evading taxes may be costly if evasion is detected. The penalty due is given by the
function H(n), and scaled by endowment e. Following Besley (2020), we use H(n) = %2
in the rest of the analysis.

The next part of equation (3.1) is about regional identity v. The stronger the identity,
the worse an individual feels if she evades taxes. This is especially true if collected taxes
are used in a region-specific way. Thus, we subtract yn and yn1?, scaled by pu; and
L2, respectively. The function 17 equals one if the system is decentralized and zero
otherwise.

In a centralized system, tax revenue is spent on the whole country and not only on
the taxpayer’s home region. In a decentralized system, the individual can be sure to
get back a good portion of her taxes by the public goods (Torgler, 2004). Thus, she
feels comparatively worse for evading taxes in a decentralized system. This is captured
by nl1? and scaled by us. With on, the very last part of equation (3.1) sums up all the
remaining potential impact of tax evasion on utility. This is necessary for connecting
our theoretical and empirical results in section 3.5.

Utility maximization yields

iet =y — poy1P — pgl? — o

n! = . . (3.2)

To ensure an inner solution, we assume e > et — 7y — poyl? — psl? — o > 0. A

. . . . . J D
higher regional identity reduces evasion as %% = —%

decentralized system, respectively. However, the latter further amplifies this effect.

< 0 for a centralized and a

Due to their impact on tax morale, the tax system and regional identity influence

tax revenue and therefore the public good. It is
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GY =tle—et + vy +o)— 69, (3.3)
GP = at(e — et + (py + po)y + ps + o) — ad”. (3.4)

To assess whether a decentralized system is preferred by individuals, we do not com-
pare the public goods on offer, but rather the utility in both situations. This results in

the following Proposition:

Proposition 12. A decentralized tax system is preferred by individuals if the additional
costs Ad satisfy

Ad < AEA1+A2+A3, (35)
with Ay = (o — D)t(e — et + (1 + po)y + ps +0), As = (HWWS)(:FM%O) - (“27;;“3)2;
As = (“”J”’)i“”JF‘B) — B (ot — (g + pig)y — g — 0) and AS = ad? — 6€.

Proposition 12 summarizes three main effects of a system change. In A; the higher
quality of the public good in a decentralized system is captured. Term A, corresponds
to the decrease in the expected penalty for detected tax evasion. It decreases due to
the lower tax evasion n. The change in moral feelings is captured by Az and consists of
two parts. The first part corresponds to the decrease in moral disutility due to lower
tax evasion in a decentralized system. While the second part is the additional disutility
that occurs only in a decentralized system. Whenever the sum of these effects is greater
than the increase in costs, a decentralized system is preferred.

In summary, a decentralized system exhibits several advantages due to the induced
decrease in tax evasion. However, it entails additional financial costs and additional
moral costs for individuals, as they feel particularly bad about not contributing to a
decentralized system. Oates (1972) claims that the decision in favor of a centralized or
a decentralized system is (under certain assumptions) only about the better public good
versus the higher costs. Here, we argue that it is also about lower tax evasion induced
by individuals’ moral feelings. Thus, under certain parameters Oates (1972) would have
proposed a centralized system, as the additional costs are higher than the public good
benefits, while our model proposes a decentralized system. This is summarized in the

following Proposition:

Proposition 13. A decentralized tax system is preferred although the direct improve-
ment of the public good is outweighed by the higher costs, whenever Ad € [(a — 1)t(e —
te + iy + o), A], with A defined as in Proposition 12.
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In the following section, we turn to our empirical analysis. In particular, we examine
whether our hypothesis concerning identity and decentralization and their impact on

tax morale can be confirmed. In terms of our model, this means we attempt to quantify

p, o, p3 and o.

3.4 Empirical Analysis

3.4.1 Data and Empirical Strategy

For the empirical part, we rely on various publicly available data sets. We use individual
level data on tax morale, local, regional and national identity, as well as individual so-
cioeconomic control variables! and information on town size from the European Value
Study (EVS) and the World Value Survey (WVS). At country level, we merge data
from the International Monetary Fund (IMF) and the Organisation for Economic Co-
operation and Development (OECD) on the decentralization of the tax system. The
latter two data sets contain information on revenues and expenditures at local, state
and central level as indicators for decentralization. We therefore focus on fiscal decen-
tralization without further enquiring about the decentralization of the political system.
As additional country level controls, we obtain information on total expenditure to
measure the size of governments, GDP, and population size from the OECD. We also
monitor government effectiveness and corruption control in countries with data from
the World Bank’s Worldwide Government Indicators.

The surveys contain the question ”Please tell me [...] whether you think it can always
be justified, never be justified, or something in between: Cheating on tax if you have
the chance” on a scale between 1 and 10, where 1 represents never and 10 always.? This
assessment of tax evasion behavior is referred to in the literature as 'tax morale’. It is
often used as a synonym for tax compliance, although it does not measure actual action.
Torgler (2004) presents a high correlation between these terms using experiments. We

3 in section

apply this result to establish a link between tax morale and tax compliance
3.5.
Local, regional and national identity is reflected in the answers to the question ” Peo-

ple have different views about themselves and how they relate to the world. [...] Would

ncome level measured in 3 levels, employment status in 8 categories, sector (primary, secondary,
tertiary), gender (male, female), age, education level in 3 levels, religion in 10 categories, marital status
in 6 categories.

2The distribution is heavily right-skewed since most people refrain from (admitting) to justify tax
evasion.

3For a further discussion of these terms, see for example Luttmer and Singhal (2014).
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you tell me how close do you feel to...? your town or city; your [county, region, dis-
trict]; [country]” on a four-level-scale representing Very Close (1), Close (2), Not Very
Close (3) and Not Close at All (4). The data used provide this distinction only for the
most recent wave of surveys. Therefore, our analysis below relies on a cross-country
comparison rather than on a panel.* We distinguish the levels of identity because the
attachment of individuals to their town, their region and their country can vary. Ac-
cordingly, tax morale can also be influenced differently. A more local level of identity
can be particularly important for tax morale in conjunction with decentralization.

To classify decentralization we create a dummy® (analogous to Belmonte et al. (2018))
based on the fiscal structure. If two of the following three criteria apply, a country is con-
sidered decentralized: Subnational expenditure share is greater than the sample mean,
subnational revenue share is greater than the sample mean, and inter-governmental
transfer revenue share relative to expenditure of the subnational levels is greater than
the sample mean.

For the empirical method we adhere to the majority of the literature and estimate a
Weighted Ordered Probit model (compare Torgler et al., 2007, Konrad and Qari, 2012,

Lago-Penas and Lago-Penas, 2010), summarized by the following equation:

Morale; . = B1Ident; + faldent; x Decentral, + 3 Decentral. + x5y + y.05 + €i
(3.6)

This models the tax morale (Morale;.) of individual ¢ in country ¢ as a function of
the individual’s identity (I/dent;), a dummy Decentral. for a country’s degree of fiscal
decentralization, and their interaction. All other controls are summarized in the vectors
x; and Y.

Descriptive statistics of the included variables can be found in Table 3.1. Many
of the variables are categorical but their ordinal distribution is still meaningful and
they are therefore depicted with a reference category to understand the magnitudes.®
Our data set contains information on individuals from the following countries: Turkey,
Greece, Czech Republic, Hungary, Slovenia, Slovak Republic, Estonia, Mexico, New
Zealand, Poland, Chile, Lithuania (all considered as centralized), Spain, Norway, Swe-
den, Finland, France, Italy, Austria, [celand, Denmark, Japan, Colombia, Switzerland,
Australia, Netherlands, Germany, United States, Canada (all decentralized).

4For a further analysis, we extend the data in time by using a proxy for national identity (see
subsection 3.4.2)

5In the appendix we offer a robustness check concerning alternative decentralization measures.

6Means of marital and employment status, the sector of employment and religious denominations are
missing because these categorical variables do not have a natural order and thus cannot be summarized
by averages.
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3.4.2 Results

Baseline results

Estimating a Weighted Ordered Probit model we obtain the results shown in Table 3.2.
The following should be noted for the interpretation: Tax morale is numerically higher
when people have a lower justification for tax evasion. Higher identity numbers refer to
a stronger identity. The decentralization dummy equals 1 if a country’s fiscal structure
is relatively decentralized.

We exhibit different specifications of the regression” in the different columns of Table
3.2: In the first, we simultaneously control for all levels of place identity, while in the
others, we consider only local, regional or national identity, respectively. When only
one level of identity is considered, the impact of this level on tax morale is positive and
highly significant. When all levels are simultaneously controlled for, the statistically
significant influence of local identity continues to apply, while regional and national
identity have only a positive yet insignificant effect. This suggests that any feeling of
identity increases tax morale, but that local identity may be the most important and
robust one. However, Wald tests show that we cannot reject the hypothesis, that the
coefficients are equal, either jointly or pairwise. To illustrate this, the corresponding
confidence intervals are shown in Figure 3.1.

Our estimations demonstrate a positive and significant correlation between decen-
tralization and tax morale in each specification, which is in line with the literature.
Thus, in decentralized places citizens consider cheating on taxes to be less acceptable.

We find negative effects for the interaction of identity and decentralization. This is
true regardless of which level of identity we consider. If we only include local or regional
identity, this negative effect is significant even at the 5% level. Thus, moving from a
centralized to a decentralized system has a positive effect on tax morale, whereas this
effect is smaller for individuals with relatively strong place identity. This result is not
intuitive at first glance. One could expect individuals with strong place identity to care
even more about their region in a decentralized system, leading to a high tax morale.
As a result, the interaction could actually be positive. We further discuss this and

provide possible explanations in the following.

"The corresponding overall marginal effects are indicated in Table 3.8 in the Appendix.
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(1) (2) (3) (4)
Tax morale Tax morale Tax morale Tax morale

Local identity 0.129%** 0.184%**

(0.0463)  (0.0368)
Regional identity 0.0489 0.145%#*

(0.0446) (0.0345)
National identity 0.0494 0.1371%**

(0.0423) (0.0364)
Decentralization dummy 0.802%** 0.729%%* 0.686*** 0.6147%%*

(0.193) (0.155) (0.145) (0.164)
Decentralization*Local identity -0.0498 -0.109**

(0.0575)  (0.0454)
Decentralization*Regional identity ~— -0.0765 -0.105%*

(0.0581) (0.0440)
Decentralization*National identity — -0.00884 -0.0752

(0.0537) (0.0470)
controls yes yes yes yes
N 27521 27595 27565 27565

Standard errors in parentheses
*p<0.1, ** p<0.05 ¥* p <0.01

Table 3.2: Baseline Regression Results
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locid

regid

natid

Figure 3.1: Confidence Intervals for Regression Estimates: Local, Regional and National
Identity

Discussion of the Negative Interaction Term

In our model in section 3.3, the interaction of decentralization and identity is captured
by po. We have determined how ps affects tax evasion and therefore the decision
whether or not to decentralize a system in this framework. Moreover, we have revealed
that it has consequences for the theorem of Oates (1972). A negative us mitigates these
consequences. Therefore, it is of particular interest to understand why the interaction is
negative and whether there are reasons to doubt this result. We discuss three possible
explanations below.

A first explanation are scale effects. The general level of tax morale is quite high
with an average value of 9.02 out of 10. The values are higher for those with strong
identity. Thus, it is evident that a change from a centralized to a decentralized system
cannot simply increase tax morale among those with strong identity as much as those
with weak identity. Similarly, in a decentralized system, tax morale could be so high
that identity has no additional increasing effect. To show more formally that this scale
effect for identity® exists, we extend our data set with several waves over time. This has
the disadvantage of losing data on the different levels of identity, since these were only
collected in the last survey wave. However, most waves include a question on national

pride. We use this question as a proxy for national identity.” Since individuals are not

8Tt is not possible to perform a similar strategy for decentralization because there is only minor
variation in these countries’ fiscal system.
9Gangl et al. (2016) do the same. A discussion of the difference between nationalism and patriotism
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(1)

Change in Tax morale

Tax morale (initial) -0.0781
(0.152)
Change in national pride -1.141
(1.672)
Decentralization dummy 11.04
(7.820)
0.Decentralization*National pride 3.873
(2.744)
1.Decentralization*National pride 0.721
(0.731)
N 25
R? 0.720

Standard errors in parentheses. Standard errors clustered at the country level.
*p<0.1, ** p<0.05, ¥* p <0.01

Table 3.3: Effect of Original Tax Morale Level on its Change

tracked separately in the surveys, we cannot rely on individual panel data. Therefore,
we aggregate the data at country level to form a country panel enabling us to look at
the change in average tax morale in a country relative to the change in identity. We
run a regression similar to our baseline regression, but at country level and controlling
for changes in national pride and several other variables.!® The results are summarized
in Table 3.3.1! In this regression, the initial level of tax morale negatively impacts the
change in tax morale, corroborating the hypothesis of scale effects. Higher levels of tax
morale do not change as much as lower levels when a tax system is transformed into a
decentralized one.

A second explanation is a substitution effect between identity and decentralization
as reflected in the negative interaction effect. Individuals who identify less with the
different levels may care more about the quality of the public good, which Oates (1972)

contends is better in a decentralized system. Therefore, they are more willing to pay

can be found in Konrad and Qari (2012).

10Tn order to control for several non-ordinal variables, we need to update our data set: For marital
status at country level we use share of people married or living as if married, for religious denomination
we consider the percentage of people being part of a religious organization and for employment status
we control for the share of unemployment in the country sample. Owing to the data structure, we do
not control for sectors here.

1 The findings are based on a subsample of only 25 country-year observations, but regression diag-
nostics show that the analysis is appropriate.
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their taxes if they receive better value in return. Whereas individuals who identify more
strongly might derive higher utility from legitimately paying their taxes, regardless of
the quality of the public good. To prove this, we would need a variable in the individual
dataset that captures the perceived utility of public goods to the individual. However,
there is no real suitable proxy for this variable in the surveys.

A third explanation for the negative interaction is related to the literature on yard-
stick competition (following Besley and Case, 1992). Individuals in a decentralized
country might compare their tax rates and the quality of public goods with those of
their neighbors. If they see that other regions are doing better, their willingness to
pay taxes decreases. This problem occurs only in the decentralized case, and could be
more pronounced among individuals with stronger identity, since they might be more
interested in politics and therefore compare their region more with others. We try to
control for this effect by adjusting the regression with a variable capturing political
interest. If yardstick competition effect is responsible for the negative interaction, it
should be weakened by this introduction.’? In the results in Table 3.4, estimated with
the individual data set, the interaction effect is slightly attenuated compared to our
baseline estimate, but to such a small extent that it appears negligible. Since the proxy
of political interest for determining jealousy of other regions appears far from perfect,
we cannot reject the hypothesis. Yardstick competition could still have an effect, but

we do not find clear evidence for it.

3.4.3 Causality of the Correlation

While we have already demonstrated the positive correlation between place identities
and tax morale, the direction of causality in our regressions remains unclear. Higher tax
morale could affect identity levels, which would differ from the mechanism we propose.
In this section, we attempt to confirm causality. To do so, we use a well-established
instrument: The ruggedness of a country. Data on ruggedness of the countries stem
from Shaver et al. (2019).

This instrument is based on the finding that geographic profile correlates with peo-

13" The reasoning is as follows: In a rugged country, transportation and

ple’s identity.
communication is more difficult and therefore more valuable. For that reason, those
who live in a rugged place tend to think of themselves more as a community. Mean-

while, ruggedness should be an external variable that does not directly affect tax morale

12Ppolitical interest is only correlated between 2 to 8% with the identity levels and to 16% with
decentralization.

13The mean territorial ruggedness of a country correlates between 8 and 15 % with the identity at
the different levels.
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(1) (2)
Tax morale Tax morale
Decentralization dummy 0.683%** 0.648%**
(0.174) (0.168)
Political interest -0.00335 0.00523
(0.0309)  (0.0310)
0.Decentralization*Political interest 0 0
() ()
1.Decentralization*Political interest 0.0132 0.00643
(0.0379) (0.0380)
Local identity 0.1847#*
(0.0369)
0.Decentralization*Local identity 0
()
1.Decentralization*Local identity -0.107**
(0.0455)
Regional identity 0.142%%*
(0.0347)
0.Decentralization*Regional identity 0
()
1.Decentralization*Regional identity -0.101**
(0.0441)
N 27516 27487
RZ

Standard errors in parentheses
*p<0.1, ¥ p <0.05, *** p <0.01
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because there is no link between these two concepts.

Using ruggedness as an instrument, we estimate a Weighted Ordered Probit IV re-
gression. This estimation also uses Ordered Probit in the first stages and controls for
the same control variables as in the baseline model. The second- and first-stage results
are reported in Table 3.5. The second-stage regressions confirm our basic results re-
garding the direction of effects, except for the effect of decentralization in the national
specification. They confirm the positive effect of identity and (mostly) decentralization
on tax morale. However, in the second-stage IV regressions, the effects are no longer
significant.

First-stage regressions show that local identity is positively affected by decentral-
ization and by the mean value of ruggedness separately. However, the interaction of
ruggedness and decentralization seems to have a negative impact on local identity. This
could be due to a scale effect similar to the one discussed earlier. Looking at the first-
stage regression for local identity exclusively in decentralized countries confirms that
ruggedness has a negative effect. The first-stage results at the regional level are similar
when considering the determinants of regional identity. They differ only with respect
to regional identity in a decentralized country. Here, a positive constant is established
for decentralized countries, whereas a negative effect of the interaction cancels out some
of the positive effect of ruggedness. Looking at the first-stage regression for national
level, we determine that all variables are positively related to national identity (and the
interaction with decentralization), but all are insignificant.

Taken together, the IV confirms the direction of our baseline results and thus shows
that at least part of the causality runs from the notion of identity to tax morale.
However, due to insignificance, it is uncertain whether this direction describes the main
effect. It seems likely that higher tax morale also affects the feeling of place identity.
One explanation could be that individuals justify their tax morale by overreporting the

level of identity to rationalize their low levels of tax evasion, as explained by Konrad
and Qari (2012).

(1) (2) (3)

2nd stage: Tax morale

Decentralization dummy 0.0586 0.0103 -0.0591
(.) (7.301) (0.364)
Local identity 0.166
(0.263)
1.Decentralization*Local identity -0.0988
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(0.203)
Regional identity 0.123
(0.583)
1.Decentralization*Regional identity -0.0674
(0.300)
National identity 0.113
(0.300)
1.Decentralization*National identity -0.0567
(0.0993)
1st stage: Local identity
Decentralization dummy 1.266%***
(0.154)
Ruggedness 0.00410%**
(0.000610)
Ruggedness*1.Decentralization -0.00263*+*
(0.000595)
1st stage: Local identity*1.Decentralization
Decentralization dummy 0
()
Ruggedness -0.00291*+*
(0.000218)
Ruggedness*1.Decentralization 0
()
1st stage: Regional identity
Decentralization dummy 1.394%**
(0.299)
Ruggedness 0.005317#+*
(0.00125)
Ruggedness*1.Decentralization -0.00313***
(0.000771)
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1st stage: Regional identity*1.Decentralization

Decentralization dummy 8.854HH*
(2.954)
Ruggedness 0.00394
()
Ruggedness*1.Decentralization -0.00158%**
(0.000511)
1st stage: National identity
Decentralization dummy 0.250
(0.452)
Ruggedness 0.00119
(0.00181)
Ruggedness*1.Decentralization 0.000231
(0.000746)
1st stage: National identity*1.Decentralization
Decentralization dummy 8.102
(7.843)
Ruggedness 0.00110
()
Ruggedness*1.Decentralization 0.000392
(0.00137)
N 27738 27738 27738

Standard errors in parentheses

*p<0.1, ** p <0.05, * p < 0.01

Table 3.5: IV Regression

3.5 Decentralization of Germany

In this section, we calibrate our model and use the empirical results to describe in more

detail under which conditions a decentralized system yields welfare gains compared to

a centralized system. We conduct this analysis for the example of Germany. Since the
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German system is already decentralized, the question in this case is whether switching
to a centralized system would lead to welfare losses.

Summarizing the previous results, we have seen that decentralization, place identity
and the interaction of both, impact on tax morale. This leads to a higher quantity of
public goods and has direct utility effects in our model. Decentralization can thus lead
to higher welfare. However, it is also associated with costs. As discussed in the previous
sections, Oates (1972) explores a trade-off between better aligning individual preferences
and scale effects concerning a system change. In a decentralized system, public goods
can be provided in a more region-specific way. However, in a centralized system scale
effects lead to, for example, lower administrative costs or fewer externalities. In this
section we abstain from preference heterogeneity and define a range of scale effects in
which a decentralized system yields welfare gains. Thus, we define situations in which

a decentralized system could be beneficial even without taking regional preferences into

account.
Table 3.6: Calibrated Parameters for Germany
Parameter Meaning Value Source/Target

e individual income 4401 €  Destatis (2022b)

t total tax rate 39% Destatis (2022b)

v local identity 3.3 panel data

1 impact of identity 242,94 Table 3.7; 1 = Pie
142 impact of interaction —192,32 Table 3.7; s = Pae
143 impact of decentralization 919,81 Table 3.7; uz = Bse
o additional impact 383,08 calculation to meet n
nP evasion in dec. system 0.056 panel data

5P costs in dec. system 114 € Destatis (2022a)

To calibrate our model for Germany, we use our empirical results as well as some
exogenous sources. All values can be found in Table 3.6. The average pre-tax monthly
income before taxes for a single German is 4401 €. Net earnings are 61% of this value,
which gives t = 39%. From the EVS data set, we know that local identity in Germany
has the value v = 3.3.

For the estimates of identity and decentralization we use a simple OLS regression.
The results can be found in Table 3.7. These estimates can be interpreted quantitatively,

opposed to those from the Ordered Probit model, which is our baseline estimation.!4

14We do not use the marginal effects of the Probit model because we have a multinomial outcome
variable with 10 levels and interpretation of the estimates depends on holding the other variables
constant. It is therefore simpler to use the OLS because it does not measure the effect on the probability
on a given level of tax morale, but estimates the effect on tax morale of increasing the independent
variables by one unit.
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(1) (2) (3) (4)
In Tax morale In Tax morale In Tax morale In Tax morale
Local identity 0.0411* 0.0552%***
(0.0239) (0.0181)
Regional identity 0.00869 0.0406**
(0.0232) (0.0164)
National identity 0.0172 0.0398**
(0.0207) (0.0174)
1.Decentralization dummy 0.256%+* 0.209%+* 0.187#4* 0.186%**
(0.0816) (0.0679) (0.0603) (0.0683)
0.Decentralization*Local id 0 0
() ()
1.Decentralization*Local id -0.0233 -0.0437**
(0.0259) (0.0196)
0.Decentralization*Regional id 0 0
() ()
1.Decentralization*Regional id -0.0203 -0.0398**
(0.0256) (0.0181)
0.Decentralization*National id 0 0
() ()
1.Decentralization*National id -0.0152 -0.0373*
(0.0227) (0.0195)
N 27489 27563 27533 27533
R? 0.078 0.077 0.076 0.076

Standard errors in parentheses
*p<0.1, ** p<0.05 ¥* p<0.01

Table 3.7: OLS Estimation for Calibration
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Although regression diagnostics show that OLS regression is not well placed to repro-
duce our model, the results are qualitatively comparable to those of Probit regression.
Based on the latter, we believe the estimates are reasonably close to the true values.
In this calibration, we focus on column (2) of Table 3.7, which is about local identity.
For an appropriate matching of the empirical results and our model, equations (3.6)

and (3.2) are crucial. We rearrange the latter to

e —et 4y + poyl” + p3l” + o
’ .

1—nl =

(3.7)

In this format, both equations show the impact of the variables of interest on tax morale
and the share of taxes that are not evaded, respectively. To match these equations, we
assume that the share 1 — n and tax morale are equal. We can then compare the
prefactors of the variables of interest. It is §; = £ for all ¢ € {1,2,3}. Multiplying the
values of column (2) in Table 3.7 with e yields the values in Table 3.6.

To ensure that the equations match, o is a variable that captures all other effects
on 1 — n except for our variables of interest. From the panel data we know, that the
average tax morale in Germany has the value 0.944. This yields n” = 0.056. Equation
(3.7) allows us to identify o = 383.08.

With all the parameters in mind, we can calculate tax evasion in Germany if it was
a centralized system. It yields n® = 0.1208 which is higher than in the decentralized

case. Substituting all values into the utility function (3.1), we get the change in utility

AU =UP —U° (3.8)
=69 — 6P 4 86.02. (3.9)

It depends on the relation of costs in a centralized and in a decentralized system, whether
the latter yields higher utility,. A change in the German system from a decentralized
to a centralized system would have to be associated with lower costs of at least 86.02 €
per person to achieve a benefit. As discussed earlier, we expect costs to be higher in
a decentralized system due to scale effects. However, these scale effects are difficult to
measure. We use administrative costs to assess the meaning of these 86.02 €. It is
difficult to accurately describe administrative costs, too, but at least a lower and an
upper bound can be given.

Considering only costs that are definitely incurred for administrative purposes'® yield
114 € per worker (Destatis (2022c), Destatis (2022a)). Using instead simply all gov-
ernmental expenditures yields 1433 € (Destatis, 2023). Based on these numbers, the

15Specifically, we add up ”Politische Fithrung und zentrale Verwaltung” and ”Finanzverwaltung”.
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introduction of a centralized system would need to be associated with a cost reduction
of between 6% and 75% in order to be beneficial.

Other literature attempts to determine the additional costs of decentralization by
looking at the size of government (Feld et al., 2003). In this context, the literature is
inconclusive. Oates (1972) is unable to find a robust correlation between centralization
and size of government, measured by tax revenue (compare Feld et al., 2003). In a
more recent paper, Cassette and Paty (2010) examine a panel of European countries
and find that greater tax autonomy does in fact increase total public expenditure.
With respect to Germany, there are several studies relying on difference-in-difference or
synthetic control designs that look at administration costs. Yet, they focus on the local
level. Roesel (2017) examines district mergers in Germany. He considers the example
of Saxony and shows that there is no significant effect of centralization on expenditure.
This is consistent with the finding of Blesse and Baskaran (2016) for Brandenburg. Fritz
(2015) studies the state of Baden-Wuerttemberg and concludes that municipal mergers
actually increase costs.

In summary, it is not even clear that centralization in Germany would be associated
with a cost reduction of 6%, which is the lower bound discussed above. It can be
concluded that the current decentralized system is preferable to a centralized system
because of its impact on tax morale and its direct impact on utility. This is especially
true if the heterogeneity of preferences across regions would be additionally taken into

account.

3.6 Conclusion

This paper revisits the debate about centralized or decentralized fiscal systems. The
famous theorem of Oates places the focus on preference heterogeneity. We argue that
tax morale is important in this context as well. Thus, we examine the issue of decen-
tralization or centralization by linking it to tax morale and its relationship to place
identity.

We confirm that national identity and decentralization improve tax morale. We
complement the literature by focusing on regional and local identity, and determine
that they positively impact on tax morale as well, with local identity seemingly having
the largest impact. However, we cannot reject the hypothesis that all effects are of
equal magnitude. Using an instrumental variable estimation allows us to examine the
causal relationship between identity and tax morale to some extent.

We introduce a model to connect our considerations to the theorem of Oates. We

first theoretically demonstrate how tax morale can change the content of the theorem.
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We then calibrate the model to Germany using our empirical results. We find that
centralization in Germany would have to be associated with a substantial cost reduction
to outweigh the negative impact on tax morale.

Future research could increase the precision of this analysis and especially improve
the model as it is very stylized. In particular, other forms of the utility function could be
taken into account. In addition, it would be very interesting to include heterogeneity
of preferences as well as externalities in the evaluation. Finally, we reserve a more
detailed look at the reasons for the negative interaction of decentralization and identity

for future research.
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3.A Appendix

3.A.1 Marginal Effects

0 ) 3) )
all identities local regional national
Local identity
1._tax morale*(._dec -0.00822**  -0.0117***  -0.00899***  _0.00813**
(-2.62) (-4.24) (-3.75) (-3.18)
1._tax morale*1._dec -0.00235* -0.00222** -0.00121 -0.00164
(-2.25) (-2.78) (-1.47) (-1.88)
2._tax morale*(._dec -0.00168*  -0.00245***  -0.00191**  -0.00169**
(-2.38) (-3.43) (-3.16) (-2.79)
2._tax morale*1._dec -0.000600* -0.000583* -0.000317 -0.000421
(-2.15) (-2.48) (-1.38) (-1.81)
3._tax morale*0._dec -0.00409**  -0.00584*** _0.00456*%** -0.00413***
(-2.63) (-4.32) (-3.78) (-3.35)
3._tax morale*1._dec -0.00158* -0.00150** -0.000816 -0.00111
(-2.20) (-2.60) (-1.43) (-1.76)
4._tax morale*0._dec -0.00398**  -0.00573***  -0.00446*** -0.00407***
(-2.67) (~4.47) (-3.87) (-3.36)
4.tax morale*1._dec -0.00170* -0.00163** -0.000873 -0.00120
(-2.24) (-2.68) (-1.43) (-1.83)
5._tax morale*0._dec -0.00465*%*  -0.00664***  -0.00523*%**  -0.00472***
(-2.68) (-4.52) (-3.92) (-3.41)
5._tax morale*1._dec -0.00218* -0.00207** -0.00112 -0.00152
(-2.20) (-2.71) (-1.47) (-1.89)
6._tax morale*(._dec -0.00926** -0.0132%**  _0.0105***  -0.00946***
(-2.77) (-4.95) (-4.17) (-3.55)
6._tax morale*1._dec -0.00505* -0.00479** -0.00259 -0.00353
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(-2.29) (-2.76) (-1.44) (-1.85)
7._tax morale*0._dec -0.00406**  -0.00583*** _0.00463*** -0.00419***
(-2.76) (-4.88) (-4.09) (-3.59)
7._tax morale*1._dec -0.00259* -0.00248** -0.00133 -0.00182
(-2.26) (-2.69) (-1.43) (-1.83)
8._tax morale*0._dec -0.00571%%  -0.00818***  -0.00659*** -0.00592***
(-2.80) (-5.08) (-4.20) (-3.68)
8._tax morale*1._dec -0.00431* -0.00410** -0.00222 -0.00303
(-2.28) (-2.71) (-1.42) (-1.84)
9._tax morale*(._dec -0.00468**  -0.00676*** -0.00552*** -(0.00493***
(-2.74) (-4.77) (-4.00) (-3.63)
9._tax morale*1._dec -0.00522* -0.00500** -0.00268 -0.00367
(-2.32) (-2.78) (-1.44) (-1.86)
10._tax morale*0._dec 0.0463** 0.0664*** 0.0524*** 0.0472%**
(2.79) (5.00) (4.25) (3.62)
10._tax morale*1._dec 0.0256* 0.0244** 0.0132 0.0180
(2.30) (2.79) (1.45) (1.86)
Regional identity
1._tax morale*0._dec -0.00312
(-1.10)
1._tax morale*1._dec 0.000821
(0.73)
2._tax morale*0._dec -0.000638
(-1.08)
2._tax morale*1._dec 0.000210
(0.74)
3._tax morale*(._dec -0.00156
(-1.09)
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3._tax morale*1._dec 0.000554
(0.73)

4._tax morale*0._dec -0.00151
(-1.09)

4. tax morale*1._dec 0.000594
(0.73)

5._tax morale*0._dec -0.00177
(-1.09)

5._tax morale*1._dec 0.000762
(0.73)

6._tax morale*(._dec -0.00352
(-1.10)

6._tax morale*1._dec 0.00177
(0.73)

7._tax morale*0._dec -0.00154
(-1.09)

7._tax morale*1._dec 0.000907
(0.73)

8._tax morale*0._dec -0.00217
(-1.09)

8._tax morale*1._dec 0.00151
(0.74)

9._tax morale*(._dec -0.00178
(-1.08)

9._tax morale*1._dec 0.00183
(0.74)

10._tax morale*0._dec 0.0176
(1.10)
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10._tax morale*1._dec

-0.00895
(-0.73)

National identity

1._tax morale*0._dec

1._tax morale*1._dec

2._tax morale*0._dec

2._tax morale*1._dec

3._tax morale*0._dec

3._tax morale*1._dec

4. _tax morale*0._dec

4. tax morale*1._dec

5._tax morale*0._dec

5._tax morale*1._dec

6._tax morale*0._dec

6._tax morale*1._dec

7._tax morale*0._dec

-0.00315
(-1.14)

-0.00121
(-1.25)

-0.000644
(-1.12)

-0.000309
(-1.25)

-0.00157
(-1.16)

-0.000815
(-1.20)

-0.00153
(-1.15)

-0.000873
(-1.24)

-0.00178
(-1.16)

-0.00112
(-1.25)

-0.00355
(-1.16)

-0.00260
(-1.24)

-0.00156
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(-1.17)

7._tax morale*1._dec -0.00133
(-1.23)

8._tax morale*0._dec -0.00219
(-1.18)

8._tax morale*1._dec -0.00222
(-1.24)

9._tax morale*(._dec -0.00180
(-1.18)

9._tax morale*1._dec -0.00269
(-1.24)

10._tax morale*0._dec 0.0178
(1.17)

10._tax morale*1._dec 0.0132
(1.24)
N 27489 27563 27533 27533

The first column refers to all identity levels, stacked,
the other columns refer to the respective identity level at the top.
t statistics in parentheses

* p <0.05, ** p < 0.01, ¥** p < 0.001

Table 3.8: Marginal Effects of Baseline Regression Results

3.A.2 Robustness

In this section, we perform some robustness checks on the decentralization measure to
further validate our previous results. It is possible that decentralization in general is
not a determinant of tax morale, but rather the share of expenditures or tax revenue on
a subnational level. The decentralization dummy we use in our main analysis includes
these shares. As a robustness check, we replace the decentralization dummy with a
dummy for above-average subnational tax revenue and a dummy for above-average
subnational expenditure, respectively.

The results are summarized in Table 3.9. The first four columns show the results for
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the dummy describing expenditure, while the results in the last four columns are based
on the dummy for revenue. The variable decentralization describes either one or the
other. Comparing the results with thoses of the baseline regression in Table 3.2, we find
that using a dummy for the subnational revenue share does not change much. This is
due to a very high correlation between this dummy and our previous decentralization
dummy. Looking at the first four columns and thus at subnational expenditure, the
situation changes. The effect of identity is weakened a lot and basically insignificant.
Moreover, the sign of decentralization reverses, although it is still significant. The inter-
action is now positive and insignificant. It is not clear why the effect of decentralization
is now negative. However, the other effects are only smaller or in a similar range, but
basically point in the same direction as the baseline regression.

To summarize, using other measures of decentralization can change the results. In
particular, looking at expenditures as a measure of decentralization, changes the inter-
pretation. This is of special interest because our previous hypotheses were essentially
based on the supply and quality of public goods, which depend on the expenditures.
However, the results of this robustness check do not deviate so much that we would

need to question our baseline results.
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