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Abstract

This paper shows an equivalence result between the utility functions of secular
agents who abide by a moral obligation to accumulate wealth and those of religious
agents who believe that salvation is immutable and preordained by God. This
result formalizes Weber’s renowned thesis on the connection between the worldly
asceticism of Protestants and the religious premises of Calvinism. Furthermore,
ongoing economies are often modeled with preference relations such as “Keeping up
with the Joneses” which are not associated with religion. Our results relate these

secular economies of today and economies of the past shaped by religious ideas.
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1 Introduction

This paper relates Weber’s thesis on the religious origins of the Protestant ethic, the
Kreps-Porteus (1978) model of preferences for early resolution of uncertainty and “Keep-
ing up with the Joneses” preferences that are used to accommodate asset prices and
aggregate variables of ongoing economies. In The Protestant Ethic and the Spirit of Cap-
italism (2002, first published as a two part article 1904-05), Max Weber argues that
Protestantism fosters an environment conducive to economic development because it in-
stills the idea that earning and accumulating wealth is a moral obligation. According to
this viewpoint, wealth ought to be obtained as an end in itself, at most for the satisfaction
of having succeeded in business, and not for it’s commonplace use in procuring consump-
tion, leisure, power and social recognition. Weber notes that while contemporaneous
Protestants often abided by the Protestant ethic, they were also typically indifferent, if
not hostile, towards the Church. They feel “the attempts of religion to influence economic
life, in so far as they can still be felt at all, to be as much as an unjustified interference as
its regulation by the State.”! Yet, Weber argues that the Protestant ethic originated in
religious’ beliefs and, in particular, in the Calvinist doctrine of predestination: the idea
that some humans are in a state of grace and, hence, destined to salvation while others
are damned, the choice being immutable and preordained by God.

Weber’s thesis remains one the most celebrated, and polemic, works of social science
because it puts forward an appreciation of metaphysical ideas as effective forces in the for-
mation of economies. This paper uses decision-theoretic tools to examine the connection
between the secular Protestant ethic and the religious premises of Calvinism. Going be-
yond Weber’s thesis, we examine links between Calvinism and preferences such as Keeping
up with the Joneses that are used in the analysis of modern economies.

Protestant ethics is formally modeled by an expected utility for wealth, independent

of consumption or any other benefit, that takes the form

Ev(w' — W), (1)

where w' is agent i’s earned wealth and W is the average wealth, employed as a benchmark
to measure performance. The use of aggregate wealth as a reference implies that utility
diminishes when others’ wealth and consumption increases. In particular, the utility
function in (1) is formally equivalent to standard Keeping up with the Joneses preferences,

but with a different interpretation.

!Conversely, “The old Protestantism of Luther, Calvin, Knox, Voet, had precious little to do with
what to-day is called progress.”



The proper model of Calvinism has been extensively debated. The main difficulty is
that Calvinists often lived a frugal life of hard work and, according to their faith, an ascetic
lifestyle does not deliver any reward of salvation. The question then is what motivates
Calvinists to austerity. One view is that Calvinists’ anxieties over their salvation lead
them to confuse the causes and consequences of their actions, thereby succumbing into a
form of “magical thinking” (see Elster (2007)). In a similar way, Quattrone and Tversky
(1984) argue that Calvinists may “confuse diagnostic and casual contingencies” (see also
Bodner and Prelec (2003) and Benabou and Tirole (2004, 2006, 2011) on self-deception
and diagnostic utility).

Weber upholds that the intense psychological impact of Calvinism was in part due to
it’s “iron consistency” and lack of vacillation between competing dogmas. We build upon
Weber’s perspective and model Calvinists as fully rational in a traditional economic sense.
We assume that Calvinists believe that grace is conducive to success in business; that
wealth is a sign, never a means, of grace; and that the signs of grace are more informative
if more wealth is earned, saved and reinvested as capital in risky enterprises. Finally,
Calvinists are motivated by the need to obtain informative signs of grace in their lifetime.
The Kreps and Porteus (1978) axiomatic model of recursive expected utility is crucial
to formally model these ideas because it can accommodate a strict preference for early
resolution of uncertainty (e.g., a preference for an informative sign of grace during one’s
lifetime rather than in the afterlife). This preference for early resolution of uncertainty is
above and beyond any instrumental value of early acquisition of information, as it must
be in the case of an immutable state such as grace. Accordingly, we model Calvinists with

Kreps-Porteus utility functions of the form

Euc(p(g’ =gy’ s' = 9)), (2)

where p(g" = g|v', s — ) is agent i’s Bayesian posterior belief of grace, contingent on his
savings (compared to aggregate levels) and the idiosyncratic shock on his investments.
The Kreps-Porteus model has an axiomatic foundation that is similar to the axiomatic
foundation of expected utility theory and is widely understood as a natural extension of
expected utility. In this sense, our standpoint on the beliefs and behavior of Calvinists is
consistent with the models and axioms of standard economic theory.

In spite of differences in interpretation and functional forms between (1) and (2), our
main result shows, under suitable conditions, an exact equivalence between the class of
utility functions of Protestant ethics and Calvinists. This result is central in our analysis
because it formalizes Weber’s thesis of a deep connection between secular agents who

abide by the Protestant ethic and religious agents who believe in the Calvinist doctrine



of predestination. Thus, the seemingly naive, but highly tractable, model of Protestant
ethics given by (1) has foundations based on Weber’s thesis. Moreover, qualitative insights
obtained by utility functions of secular agents can be transmitted to economies where
agents are religious. For example, the Protestant ethic utility functions (1) have the
Keeping up with the Joneses’ property of a negative externality when aggregate wealth
and consumption increases. So, even if Calvinists do not care about their social status
and are primarily concerned with their individual salvation, their competitive struggle for
informative signs of grace makes them overwork and oversave from a welfare perspective.

This paper is structured as follows: Section 1.1 presents a brief literature review, and
Section 2 introduces the model and the different types of agents. Section 3 presents the

main equivalence result. Section 4 concludes.

1.1 Related literature

A large literature, that we do not survey here, studies Weber’s thesis from an empirical
and historical viewpoint (see, among many contributions, Guiso, Sapienza and Zingales
(2003, 2006) for a discussion on culture and economic outcomes and Blum and Dud-
ley (2001), Ekelund, Hebert and Tollison (2002), Cavalcanti, Parente and Zhao (2007),
Becker and Woessman (2009), Cantoni (2010), Arrunada (2010) for discussions, literature
reviews and empirical analyses of Weber’s thesis. See also Glaeser and Glendon (1998)
for a model and empirical study of predestination compared to free will). Recently, the-
oretical frameworks have also examined Calvinism. Bodner and Prelec (2003) note that
their model of self-diagnosis might be applied to Calvinists if they had a preference for
self-signaling. Benabou and Tirole (2004, 2006, 2011) discuss an application of their
framework to Calvinism, under the interpretation that increases in effort is indicative of
grace. Dal Bé and Tervio (2012) consider a model of internal reputation in which moral
choices (e.g., resisting temptation) directly affect self-esteem. Levy and Razin (2012) ex-
amine self versus social signaling for Calvinists’ players in a repeated game. These models
can be seen as dual selves models in which one self of the agent learns about himself from
the behavior of his other self (see Brunnermeier and Parker (2005) and Koszegi (2006) for
planner-doer self models).

Our main objective is radically different from the existing literature. We formalize
Weber’s thesis on the connection between the religious doctrine of predestination and the
secular Protestant ethic. This motivation is not shared by any theoretical paper that we
know of. Moreover, unlike the existing literature, in our model, Calvinists do not learn

about their state of grace directly by their actions. Instead, their actions may only change



the informativeness of their signs of grace (that arise from the results of their business
projects).

A growing theoretical literature examines different religions. Azzi and Ehrenberg
(1975) analyze household decisions to attend church. Iannaccone (1992) models religion
as a club good, Berman (2000) studies choices of Ultra-Orthodox Jews and Bisin and
Verdier (2001) model cultural transmission mechanisms. Levy and Razin (2012b, 2012c)
analyze social signaling in religious organizations, and explore the connection between
religious beliefs and social cooperation. Tabellini (2008) models preferences in which
norms of conduct can be transmitted to future generations, and mentions religion as a

possible interpretation.

2 Model

There are two periods and a continuum of agents normalized to 1. Each individual lives
in both periods. Agent i is endowed with [ units of time that is used, in the first period,
for labor (I*) and leisure (I — I?). Agents live in autarchy and they each have the same
strictly increasing and concave production function f with labor as the input. At the
beginning of period 1, agent i produces f(I*). At the end of period 1, he consumes ¢} and
saves s' = f(I") — c}. In period 2 he receives wealth w' = (s' +~%0)(1 +r), where r > 0 is
a fixed return on investment, @ is an aggregate shock and ~* is agent ’s individual shock.
Both 6 and " belong to finite sets: # € {0,...,0}, § > 0, and 7' € {7, -7} v > 0. The
distribution of the individual shock ~* = v is identical for all agents and independent
across agents. The mean of v is 1. The probabilities of v and 6 are denoted p(7y) and
p(6). Finally, at the end of period 2, agent i consumes ¢, = w’.

The assumption that consumption in the last period equals earned wealth (i.e., ¢} =
w') highlights that all results hold without externalities on consumption and production
of goods. However, this assumption can be disposed of. Our main result holds even if
earned wealth were taxed and arbitrarily redistributed for consumption, i.e., ¢ # w’.

L denotes the average labor, S is the average saving, C; and C5 are the average period
1 and period 2 consumption, respectively, and W is the average wealth.? These aggregate
variables are observed by all agents (in each period).> Changes in aggregate variables
have no impact on any individual’s production function. We also assume that the lowest

individual shock, v, is sufficiently low.

2Formally, L = fie[o I 1'di, and an analogous equation holds for S, C;,Cy and W.

3We use the terms ‘average’ and ‘aggregate’ interchangeably because the continuum of agents has been
normalized to 1.



Assumption R1 The lowest individual shock v satisfies v < v — (f(I) — f(1))/6 for all
v > 7, where v € {v,...,7}.

The probability of the lowest shock 7 can be arbitrarily small. Hence, this is a common
assumption of rare disasters, adapted to our purposes (see Barro (2009)). This technical
assumption simplifies the analysis and several parts of our main result do not require
it. Assumption R1 can also be replaced with the assumption that the highest shock is
sufficiently high.* We discuss the role of this assumption in detail in the Appendix.

2.1 (General preferences

All decision-makers have (strictly increasing and concave) utility function u in consump-
tion for each period, a (strictly increasing and convex) disutility function d in labor and

an additional term V. So, a generic agent ¢ maximizes:

U = [u() + BEu(ch) — d(I')] + V'(c}, ¢, w's C1, Co, W)
s.t. budget constraint [BC]

¢ = fI)=s w' =(s"+70)(1+7);

¢y = w, 0<I'<I; 0<s < f(lh).

All functions in our analysis are smooth and allow for an interior solution. The expectation

operator E is taken over the aggregate stochastic shock 6 and the individual shock v¢. For

example, Eu(ch) = Zp(vi)q(Q)u(céW, 6).> All agents face the same budget constraint,
7,0

henceforth BC, and B’ € (0, 1] is the discount factor.
The term [u(c}) + BEu(ch) — d(I%)] is common to all decision-makers. We refer to
standard agents as those for whom V*(¢}, ¢4, w'; Cy, Co, W) = 0.

2.2 Protestant Ethics and Keeping up with the Joneses

Protestant ethics agents are assumed to be secular and indifferent towards religious con-
cepts. Their main distinguishing feature is their determination to accumulate wealth for
its own sake, rather than for the rewards (e.g., consumption, power, prestige) that wealth

may bring about. Protestants believe that it is a moral obligation to accumulate wealth

4Specifically, the alternative assumption is that 7 > v + (f(I) — £(1))/0 for all v < 7, where v €
{7, ...,7}. Both assumptions can also be interpreted as requiring high enough aggregate shock 6.

°It is straightforward to show that the agent can deduce v* and 6, ex-post, from s?, S, w’ and W.



and average wealth is a benchmark used to measure performance. Let the Protestant

ethics utility class (Upg) be all utility functions U’ such that

Vi(c’i, cé, w'; Cy, Cy, W)= Ev(w' — W), (3)

where v/ > 0. So, a Protestant ethics agent utility function is in Upg. This holds whether
or not each individual consumes his earned wealth in the last period (i.e., even if ¢}, # w?).

The renowned work ethic of Protestants follows from their preferences.

Remark 1. Given any values of the aggregate variables, any Protestant ethics agent works

more, saves more and has higher expected wealth than a standard agent.

So, an economy consisting of Protestant agents produces more (in and out of equilibrium)
than an economy comprising of standard agents.

Keeping up with the Joneses (KU .J) preferences are such that utility diminishes when
others’ consumption increases.® These preferences play an important role in the analysis
of modern economic behavior and are commonly used in macroeconomics and finance to fit
empirical regularities. Abel (1990) argues that Catching up with the Joneses preferences
can explain empirical puzzles in asset price trends; Gali (1994) analyzes the connection
between consumption externalities and asset prices; Campbell and Cochrane (1995) also
use a negative externality from aggregate consumption to explain trends in aggregate stock
market behavior and several other aggregate variable; Dupor and Liu (2003) consider the
effects of jealousy on overconsumption; and Ljungqvist and Uhlig (2000) analyze tax
policies under “Keeping up” and “Catching up” with the Joneses.”

The typical interpretation of KU.J preferences are based on ideas such as jealousy
and envy and not on morality. However, as long as aggregate wealth and consumption
are positively related, the utility of Protestant ethics agents decreases when aggregate
consumption increases. So, the utility functions of Protestants are, formally, KU J pref-
erences. In the special case that each individual consumes his earned wealth in the last
period (i.e., ¢, = w') then the utility function of Protestants are the usual Keeping up
the Joneses utility functions such that V¢ = Ev(c, — Cy).

6A distinction is sometimes made between utility that is diminishing in aggregate consumption and
an increase in marginal utility of consumption as aggregate consumption increases (see, for instance,
Dupor and Lui (2003)). While we focus on the former, conditions for the latter are also provided in the
Appendix.

"See also Rege (2008) for a model of social status and Maccheroni, Marinacci and Rustichini (2012)
for a discussion on envy.



2.3 Calvinists

While Protestant ethics agents outlook is directed towards worldly affairs, Calvinists are
concerned with the afterlife. The central tenet of Calvinism is the doctrine of predes-
tination: an individual 7 is either in a state of grace (¢ = g), and, hence, saved from
damnation, or he is not (¢* = n). The choice has been predetermined by God and is not
influenced by any action that anyone (including agent i) might take. A Calvinist does not
know whether he is in a state of grace. However, earned wealth can be seen as a signal,

not a means, of grace.

2.3.1 Wealth as a signal of grace

Rational inferences about grace follow from two Calvinist premises: Grace is a tool of
divine will and, hence, is conducive to success. Acquiring, saving and reinvesting wealth
leads to better signals of grace. We formalize these two claims as assumptions WI and
WII, respectively, but a simple example may deliver the gist of the idea. Consider the
extreme case in which an individual shock can be either high or low and that a Calvinist
believes: that his prior probability of grace is 0.5; that if his savings are low then both
shocks have equal odds regardless of his state of grace; and that if his savings are high
then he gets a high shock when he is in grace and a low shock when he is not. It follows
from these premises that if his savings are low then he learns nothing about his state of
grace (i.e., his posterior belief over his state of grace is still 0.5) and if his savings are high
then he learns his state of grace perfectly (i.e., if his shock is high he is in grace and if his
shock is low he is not). Thus, Calvinists do not receive a signal of grace from their choice
of savings. Savings only increases the informativeness of the signal.®

Calvinists make rational inferences given their theological premises and these premises
cannot be empirically tested. A claim of correlation between grace and success cannot be
tested because grace is not observable even by proxy, unless it is assumed that some other
observable variable is also correlated with grace. Finally, all agents (Calvinist or not)
place the same odds over all observable variables. Thus, Calvinists’s beliefs are consistent
with Bayes’ rule and are rational in the standard economics sense.

The general signal structure is formalized as follows: Let p, be the prior probability of
grace. Let p(yi|g’, s — S) be the probability of receiving shock ¢, given a state of grace
g' and relative savings s' — S. Similarly, p(¢° = g|y*, s* — S) denotes the updated proba-
bility of grace given relative savings s' — S and realized shock 4¢. The assumption that

Calvinists associate grace with a higher likelihood of success is captured by the following

8Calvinists believe that hard work leads to better signals of grace. We focus on savings for simplicity.



version of the monotone likelihood ratio property:

Assumption WI (MLRP): Given any relative savings s' — S € [—f(I), f(I)], and indi-

1i p(vilgi=g,s'=S) p(y''g'=g,s'=S)
& plg=ns=9) = p(vlgi=n,s—5)"

vidual shocks 7,7 € [7,7], 7' >~

So, Calvinists believe that good individual shocks are more likely when in grace.
Assumption WII (Informativeness): For any relative savings s — S > s — S', there
is a nonnegative function h on [y,7%] x [v,7] such that: (i) Z h(y',v) = 1 for all
’Y’E[’Y ﬂ
v,y € and (i) p(v7 [ g, =)= > h(v"A)p(v1g.s = 8) for g' € {n,g}.
v€[rA]
That is, the informativeness of the signals of grace (in the usual Blackwell sense) is higher

for larger relative savings.” This does not imply that savings alter the distribution of
individual shocks, which is fixed and unaffected by savings.

Signals are taken over relative savings in assumptions WI and WILI. It is difficult to
gauge objectively what constitutes high savings. In the absence of an absolute benchmark,
it is common to use a relative one (as in social comparison theory, see Festinger (1954)).
Moreover, even if agents were to use absolute standards, higher aggregate savings would
still negatively impact the informativeness of individual signals whenever aggregate vari-
ables were not perfectly observable. The use of relative standards simplifies the analysis

because it does not require imperfect observations of aggregate variables.

2.3.2 Predestination and preferences for early resolution of uncertainty

We now return to the main tenet of Calvinism: the doctrine of predestination. If it is
impossible to influence God’s choices then it is natural to ask about the incentives to
follow religious teachings or to acquire costly information about grace. Weber points
out that salvation was a critical concern of believers and so it became psychologically
necessary to obtain means of recognizing grace. Even if grace is immutable, Calvinists
still prefer to obtain signs of grace during their lifetime rather than to have it revealed
only in the afterlife. The Kreps and Porteus (1978) model is critical to capture this
aspect of Calvinism because it allows for preferences for early resolution of uncertainty.
Accordingly, we use the Kreps and Porteus (1978) model and assume that a Calvinist

agent 7 has an utility function V* of the form

9For a more thorough discussion of Blackwell’s theorem, see Marschak and Radner (1972), Kim (1995)
and Grant, Kajii and Polak (2000).



V' = Euc(p(g’ = glv',s" = 9)), (4)

where u¢ is strictly increasing and convex and the expectation operator F is taken, as
usual, over aggregate and individuals shocks.!°

The assumption that uc is increasing follows from the notion that Calvinists prefer
being in grace than not. The convexity of the function u¢ implies that a Calvinist prefers
to learn about his state of grace sooner rather than later. To see this point, consider the
case in which the agent has the choice between discovering his state of grace in period 2
or remaining with his prior over grace (p,) in his lifetime. If he knows he will learn his
state of grace in period 2, his expected utility is pjuc(1) + (1 — py)uc(0). This follows
because with probability p, he learns in period 2 that he is in grace and with probability
1 — pg he learns that he is not. If, instead, he remains with his prior then his expected
utility is ue(p,). Thus, if ue is convex then the agent prefers to learn about his state
of grace earlier. Extending this reasoning, it follows that u¢ is convex if and only if the
agent prefers early resolution of uncertainty, as is shown by Kreps-Porteus (1978).

Let ¢, the utility class of Calvinists, be such that (4) holds, uy, > 0, uf, > 0 and
assumptions WI and WII hold. The functional form in (4) is quite different from expected
utility theory. However, the two models share a related axiomatic foundation and the
Kreps and Porteus (1978) model is commonly viewed as a natural extension of expected
utility theory. It follows that Calvinists’ preferences are compatible with standard axioms
and decision theoretic models in economics. Our perspective of Calvinism as a rational
system of belief and action is congruent with Weber’s view that Calvinists’ doctrines are
uniquely rational in the sense that, once their premises are accepted, they contain no
inner contradictions.

Unlike Protestant agents, the utility functions of Calvinists are based on religious
doctrines. Yet, formally, they both share the KU J feature that an increase in aggregate

11

wealth and consumption produces a negative externality.” For Calvinists, increases in

aggregate wealth decreases the informativeness of the signs of grace.

0The Recursive Expected Utility model of Kreps and Porteus (1978) has formed the basis of several
established frameworks. See, for instance, Epstein-Zin (1989). The standard REU representation is more
complex than the one we use. If only two outcomes have positive probability then preferences for early
resolution can be reduced to the simpler function that we use (this is shown in the Appendix). So, our
representation is compatible with a broad class of models.

HKeeping up with Joneses preferences are generally associated with notions of envy, jealousy, or, to
some degree, conspicuous consumption (see Bagwell and Bernheim (1996) for a model of conspicuous
consumption). These sentiments are quite distinct from those typically associated with Calvinism. Con-
spicuous consumption is chastised by Calvinists, and by ascetic Protestants.

10



Remark 2. A Calvinist’s utility diminishes ex-ante with expected aggregate wealth EW

and it diminishes ex-post with realized aggregate wealth W.

The mechanism behind this result is driven by information. Ex-ante, the informative-
ness of individual wealth as a signal of grace is reduced by others’ decision to save more.
Ex-post, higher aggregate wealth implies higher aggregate shock which, in turn, makes
individual signals over grace less positive. We now show that the connection between

Calvinism and Protestant ethics is much deeper than their formal KU J features.

3 The Equivalence Result

Main Result. Assume R1. The Calvinist and Protestant ethics utility subclasses are
identical. That is, Upp = Uc.

There is no qualitative distinction between Calvinists and Protestant ethics utility
functions from a revealed preference perspective. This results holds in and out of equi-
librium and it does not rely on the assumption that each individual consumes his earned
wealth in the last period. The same result holds if, say, wealth is taxed and redistributed
(ie., ¢y #w').

The equivalence between Calvinism and Protestant ethics preferences is central in our
analysis. It formalizes Weber’s thesis of a deep connection between the secular Protestant
ethic and the religious dogmas of Calvinism. In particular, the highly tractable utility
functions of Protestant ethics given by (3) have foundations based on Weber’s ideas.

Moreover, these simple utility functions can also provide qualitative insights on Calvinism.

Corollary 1. Given any values of the aggregate variables, a Calvinist works more, saves

more and has higher expected wealth than a standard agent.

Calvinists work harder than standard agents because hard work and frugal life is a way
to obtain a signal of grace.!?> Hence, Calvinists produce higher expected wealth than
standard agents. Extending our model to a dynamic setting is likely to reveal that the
growth rate of an economy of Calvinists is higher than the growth rate of an economy of
standard agents. Such a result would be consistent with Weber’s thesis that the rise of
Calvinism was conducive to economic development.

Weber did not consider preferences such as Keeping up with the Joneses. However,

formally, the utility functions of Calvinists have the main features of KU J preferences.

12Corollaries 1 and 2 do not make use of assumption R1 and do not require the full force of the main
result.
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Thus, the qualitative insights obtained under preferences designed to understand secular
ongoing economies (e.g., KU J preferences) can be transferred to the economies of the past
where dogmas, such as belief in predestination, affected practical living. For example, the
negative externality of wealth on signs over grace leads to Pareto inefficiencies (See Dupor

and Liu (2003) for a similar conclusion in a model of jealousy).

Corollary 2. The equilibrium outcome of an economy consisting of Calvinists is Pareto

mefficient. Calvinists overwork and oversave in equilibrium.

Thus, from a welfare perspective, Calvinists acquire excessive wealth.

KUJ is often associated with other-regarding sentiments such as envy. In contrast,
Weber maintains that Calvinists experienced a “feeling of unprecedented inner loneli-
ness.” For what was most important to a Calvinist, his eternal salvation, he was forced
to meet alone a preordained destiny. No priest, Church or sacrament could help him.
Psychologically, spiritual isolation is quite different from other-regarding sentiments. Yet,
in spite of the psychological differences, there is a similarity in the behavior of Calvinists
and KU J agents.

4 Conclusion

Modern decision-theoretic tools can be used to formalize Weber’s thesis of a connection
between Calvinism and secular Protestant ethics. They also show a formal connection
between utility functions of Calvinism and preferences used for the examination of current
economies such as Keeping up with the Joneses. This result relates the secular economies
of today and the economies of the past shaped by religious premises. We hope that these
results will motivate the use of decision theory for understanding the social consequences
of other religious, philosophical, and metaphysical concepts. Such efforts could move the
interpretative analysis of faith into the realm of positive inquiry, based on elementary

properties of behavior.
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Appendix

Notation

Below, we use the notation s* — S and As? = s — S interchangeably, and we use w® — W
and Aw’ = w' — W. We also use the notation [—f(I), f(I)] and [As, A3] interchangeably,
where As = —f(I) and A5 = f(1).

Recall, in the proofs that follow, that the probability of shocks § and ~* are not a function
of individual’s choices; hence we write ¢(7* = ) and not ¢(v* = v|s%, S, ...) without loss,

and similarly for 6.

We also note, as discussed in the text, that the Kreps-Porteus utility representation can
be written as function Euc(p(g° = g|7', s* —S)) when there are only two attainable states

of the world. The standard Kreps-Porteus representation for two periods is

Euce (ugy (p(g' = glv',s" — Suculg' = g) + (L —plg’ = glv', ' = S))ucul(g' = n))) ,

where uc, is the utility associated with the first stage, and wu¢; is the utility associated
with the second stage. Normalizing uc,(¢° = ¢g) = 1 and uc,(¢g° = n) = 0, the represen-
tation Fuc(p(g® = g|v', s — S)) follows immediately, defining uc = uc,. o uall Moreover,
the assumption of a preference for early resolution of uncertainty in the Kreps-Porteus

representation requires that uc = uc, o uall be convex, as we have assumed.

Proofs

Remark 3. Given any values of the aggregate variables, any Protestant ethics agent works

more, saves more and has higher expected wealth than a standard agent.

Proof. Letting p € [0, 1], we consider the following maximization problem.

U = [u(c)+ BEu(c) — d(I')] + pEv(w' — W)
s.t. [BC]

& = fI')=s5 w=(s+70)(1+r);

dh = w', 0<I"<I 0<s < f(I).

1 = 0 corresponds to the standard agent’s problem, and p = 1 corresponds to the Protes-

tant ethics agent problem. We proceed by using the implicit function theorem, and show

that % > 0 and w > 0, where s*(S, L),1*(S, L) are the optimal savings and
i i
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labor chosen by agent i, given aggregate variables S and L (note that S and L completely
characterize the ex-ante aggregate decisions). The first order conditions with respect to

s* and [* are:

First order conditions

Fy=—u/(c)) + B(1+7)Bu(c) + p(l +7)Bv'(w' = W) =0 (5)
F=d(c)f () —d(") =0. (6)
. . FSS ES
The Hessian is then , where
Es El

Fy =u"(c}) + B(L+ 1) Eu"(c3) + p(1 +r)*Ev' (w' — W)
Fis = —u"() f'(I")
Fy=a"()(f' (1) + (' (eh) — d"(1).

Applying the implicit function theorem, we have:

ds*d(S,L) _ _l Fvll _Fvls ddi;
dl*(SL) A _les FSS 0
L [-R] 1 [-( ) By BY ('~ W)
“A| R | A | anm B -w) | )
ls dp L s v (IU )

where A is the determinant of the Hessian.

Given our assumptions, the Hessian is negative definite, and therefore (as it is 2 x 2)
A > 0. Tt is clear that Fy; < 0, that Fj, > 0 and that Ev'(w’ — W) > 0, since u”(c}) < 0,
FIH <0, u/ () >0, d"(I") > 0 and o/ (w' — W) > 0. It follows that % (S 4USL) 0 and that
%ﬁl) > 0. It is then immediate that %L(LS’L) =(1+ )% > 0. Fmally, since the
result holds for any aggregate variables S and L, this concludes the proof. i

The following lemma will be used in the results that follow.

Lemma 1. For a Calvinist agent with function V' = Euc(p(g® = g|v',s' — S)), define
function tc : [As, AS] — R to be uc(s' — S) = Fuc(p(g' = gly',s° = S)), for all s' — S €
[As, AS|. Then g, > 0.
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Proof. By assumption WII, the Calvinist’s signal over grace becomes more informative
as s — S increases. While this can be proven directly, we instead apply Proposition 1 of
Grant, Kajii and Polak (1998). Specifically, by statement (V) of the proposition, SAIL
holds, and the result then follows from the equivalence of statements A and B of the same

proposition. §

Remark 4. A Calvinist’s utility diminishes ex-ante with expected aggregate wealth EW

and it diminishes ex-post with realized aggregate wealth W.

Proof. By Lemma 1, the Calvinist’s utility U’ = [u(c}) + BEu(ch) — d(I)] + Euc(p(g’ =
glyt, s = 8)) = [u(ch) + BEu(ch) — d(I")] + @c(s' — S) for 4 > 0. It is then immediate

that d‘fgw = 40 = —uc(s' — S)' < 0. The Calvinist’s utility therefore diminishes ex-ante
with EW.

We now show that the Calvinist’s utility diminishes ex-post. Since ex-post wealth w! =

(s"+4'0)(1+7r)and W = (S +6)(1+r), it follows that:

wi_i wi_i i i
i i S 1 S w=s'(147)

Ty T s T WS+

1+r

Hence, a higher W implies a lower 4. By assumption WI (MLRP), it is immediate that a

i. p(Y'|Gi=g,As") p(v"1|Gi=g,As?)
POAIGT=bAsT) ~ p(r77|G7=b,AsT) Jify' >

(for all As’ € [As’,AS']) is trivially equivalent, in this setting, to p(G' = g|y', As") >
p(G' = gy, As') for v* > 7" (for all As' € [As', AF']):

lower 7% leads to a more negative signal of grace g':

p(lg' = 9. 8s") _ p(Y"lg" = g, As")
p(Ylgt = n,As') © p(vlg' = n, As?)
p(g’ = g7’ As")p(v*) (1 — p,) - plg’ = gy, As")p(v") (1 — py)
(1 —p(g" = glv'l, As))p(v)py ~ (1 —plg* = glv'], As?))p(v*)pg
& plg' =gy, As) (1= plg' = glv", As")) > p(g" = gy, As') (1 — p(G" = g|', As'))
& plg' =gl As') > plg' = gl As').

Hence, p(g° = g|7', s' — 9) is lower for a higher W, which in turn implies that uc((p(g* =
g, s'—S))) is lower. Since no other term in the utility function is affected, this concludes

the proof.

Main Result. Assume R1. The Calvinist and Protestant ethics utility subclasses are
tdentical. That is, Upp = Uc.
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Proof. We first show that any Protestant ethic agent falls within the Calvinist utility sub-

class ¢, and then show that any Calvinist agent falls within the Protestant ethic subclass.

Protestant ethics agent falls within Calvinist subclass

Take any Protestant agent function U’ = Fv(w’ — W), with v' > 0. We show that it
can written as a function Fuc(p(g® = gly',s' — S)) where uc is strictly increasing and
convex. We then such that the following conditions hold: 1) p(g* = g|y%,s* — S) € [0, 1],
2)the Bayesian assumption holds, 3) assumption W1 holds and 3) assumption WII holds.

We first define function ¢ : [As, AS] = R as follows:
B(As) = Bow(w' = W) =3 a,(1)an(0)o(w’ W)
~%,0

= > 0O (s = 8) +0(v' = 1)) (1 +7)).

74,0

Note that ¥ is well defined and strictly increasing in As‘, since v is strictly increasing

everywhere.

We now proceed by construction. We specifically define a function u¢s and an updating
rule, and show first that Euc(p(G* = g|As’, ")) is exactly equivalent to function 0(As?)
for all As’ € [As, As]. We then show that all the properties required by the Calvinist

problem are satisfied.

Preferences uc

We define uc to be uc(-) = a((-)* — p2) + 9(As), where a > 0, and the agent’s prior over
G is py € (0,1). The requirements that uc be strictly increasing and convex are met.
Belief updating rule

The agent updates his prior as follows. First, partition the set of v into {7, 4, ..., Yy, 1}
and {7y, ., Yput, Where 1 < vy, < .o < 7, 5, and 1 > v, > ..y, ;. Both sets
are well-defined and non-empty. The agent updates his prior, for any As’ according
to p(G* = g|y', As') = p, + f(As',~"), where [ is defined as follows. We first define

f(ASi7 /Ynh,h)‘

16



1/2
5(As?) — 5(As)

nh—l nl—l
a (q(m,h) +e Y qlyn)i® + g, € Q('Yj,l)j2))

J=1 J=1

f(ASZ'7 ’Ynh,h) =

where € is an arbitrarily small positive constant (specifically, € € (0, min{(n; —1)~1, (ns —

1)71})), and:

(mh,h) ey qwj,m)

J=1

<Q(7nl,z) +e ZZ: Q(’Yj,l)j>

j=1

d:

For other values of 7%, f is defined as follows:

jef(ASi7’7nh,h) if ’71 = ’yj,h?j € {17 cy Mp — 1}
f(A81771) = _df(ASi7rYnh,h) if 71 = /Ynl,l
j6f<A8i77nl,l) if ’YZ = ’yj,h?j € {17 -y T — 1}

Moreover, assume that a is high enough that p,+ f(As’, ") € (0, 1) for all values of As’ €
[As, A5] and attainable values of 4. Notice that such a value exists, since f(A', 7, ;)
and f(AF, V), the maximum and minimum values, respectively, of f, go to zero as a
goes to infinity. Note that the signal received by the agent is only a function of As® and
¢, and not of aggregate shock . We also point out that constructing a signal to obtain

the linear structure p, + f(As',7") can always be achieved (in particular, it suffices to

let p('yf|g,As’:) — (pg+£)(1=py)
p(v¢|n,As?) pg(1—pg—f) ’
which we assume).

which can always be achieved for sufficiently high p, € (0, 1),

We first show that this construction of f satisfies all the required properties on the signal
received by the Calvinist agent, and then proceed to show that uc satisfies our assump-

tions as well.
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Properties of the signal

1. p(G* = gly', As') € [0,1] for all As’, since p(G* = g|y*, As') is a probability. This is
true by construction, since a has been chosen to be high enough for p,+ f(As’, ") =
p(G" = g|ly', As') to be in (0, 1).

2. The Bayesian assumption holds: this is true, since for all As® € [As, A3,

240 (g + F(AS' 7)) =pg + > a(3:) f(As',7)

i
= pg + q(’Ynh,h)f(ASiu fynh,h) + Q(Vm,l)f<ASi7 ’Ynl,l)

np—1 n;—1
+ € (Z Q<ryj,h)jf(Asz7fynh,h) + Z (,}/]l jf AS f}/nll >

Jj=1 J=1

np—1
=g+ F(AS Y ) | €Vnn) = da(v00) + (Z q(v;0)d Z (75 J>
J:
np— 1 n;— 1
=g+ F(AS Yo ) | €Vnn) T € D> alv;0)5 —d (q(’ym,z) +e q(vj,z)y>
=1 j=1
nh—l np— 1
=g + LA 7, ) | @) +€ D> alvin)i — ( 4V ) Z a7, ])
i=1 i=1

3. Assumption WI (MLRP), for which it suffices to show that a higher 7 leads to a
more positive signal of state of grace G®. Specifically: the condition %
% if v/ > /" (for all As" € [As’, AF]) is trivially equivalent, in this setting,
to p(G* = g|7', As') > p(G" = g|v", As?) for ' > +/* (for all As' € [As', AFY]), as

shown in Remark 1.

>

To prove that a higher ¢ leads to a more positive signal of grace, note first that
f(A~v", As’) increases in 7* for all As’ € [As, As]. Hence, p(G' = g|y,As") =
py + F(AY,AsY) > p, + fF(AY AsY) = p(G' = g|y", As?) for v > ~", for all
As' € [As, AF].

4. Assumption WII, that for higher As’, the agent receives a more informative signal,
in the Blackwell sense. To show that this property holds, note first that the lot-
tery characterized by {q(v,), f(Avy;, As'), ..., q(7), f(A7, As')} is a mean-preserving
spread of the lottery characterized by {q(7,), f(Avy, As™),...,q(7), f(AF, As")},
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where As® > As’". As there are only two states of the world, it follows imme-
diately that assumption WII holds (see, for instance, Ganuza and Penalva (2010),
proposition 3: the signals are ranked by integral precision, which is equivalent to

Blackwell informativeness in a context of dichotomies).

We now show that Euc(p(G* = g|As’,~?) is exactly equivalent to function ¢(As?) for all
As® € [As, As):

Euc(p(G' = g|As' 7)) =Y q(v')(al(py + f(As',4)* = pg) + B(As))

’Yi

= Z ag(v') f(As',5)? = 2ap, (Y " q(v') F(As' 41) + 5(As) = > ag(v') f(As,7')*+5(As)

np—1
= a(q(Voy ) F (A" Y 1)+ D 0V ) (€1 F(AS' 7, 1)) + 0V ) F(AS 7, 0)
j=1
n;—1
+ Z q(v;)(ej f(As', ”Ynl,l))z)+77(A§>
j=1
np— 1 nl—l
= af(As', v, 1) ( (V) €Y a(v;0)5% + < (Vo) +€ > Q(vj,z)f)) +0(As)
j=1 j=1
= 0(As') — 5(As) + 0(As) =v(As
Note that we have used that Z f(As',~") = 0, as had been shown in the proof

ry’L
that the Bayesian assumption holds (step 2 above). All the properties are satisfied, which

completes this direction of the proof. We now turn to the second part of the proof.

Calvinist agent falls within Protestant subclass

We proceed by construction. First, we apply Lemma 1, and write Calvinist function
Vi = Euc(p(g" = g|v', As')) as strictly increasing function uc(As') = Fuc(p(g' =
gy’ As")), for all As" € [As, As]. We construct a function o : [(As —6(1 —7)) (1 +
r), (A5 +60(7 —1)) (1 +r)] — R such that Ev(w' — W|As") = dc(As') for all As' €
[As, As]. We then show that v' > 0 everywhere.

We first define f to be an arbitrary smooth and strictly increasing function on the compact
interval [(AS — (1 — 7)) (147), (A5 + 6(7 — 1)) (1 +7)], where the maximum derivative

of f on this interval is f/ < co. We write the lower bound of the interval in this manner

max

(instead of (A5 + 6(y — 1)) (1+7)) as a reminder that y < 1. We define, on this interval,
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function
v(Aw') = af(Aw') + b, (8)

where a > 0, and constant b is chosen such that Ev(Aw’|AS) = 4c(AS). Specifically, let
b=a (ﬂC(AE) — Z f((As+0(y' —1))(1+ 7"))) :
74,0

Consider any As’ < As' < As'. Then, we require that Ev(Aw|As’) = uc(As'). That is,
we require that

Ev(Aw|As?) Zp (As"+0(y' = 1)) (1 +1)) (9)

= p(O)p(y)v ((As —0(1—)(A+r))+ > pO)p( ) ((As'+6(v' = 1)) (1+71)) (10)
yigy U 0#£0

=p@p()v (As' =01 —=7) A+r)+ D> pOp() (af (As"+6(y' —1)) (1+7)) +b) (11)
yigy U 6#£0

= Gc(As?) (12)

where we have used, for the second term of line 11, that v has already been defined
in (8) on that range. We note, for v' # vy U 6 # 0, that (As'+60(y' —1)) (1 +7) €
[(AS—6(1—7)) (1 +7), (AS+6(7 — 1)) (1 + )] follows from assumption R1. (We im-
plicitly assume that thereisay € {v,...,7} such that 1 > v > ; if we do not make this im-
plicit assumption, then R1 would instead be written: y < ((6 — ) + 6y — (As — As)) /0
forally #~ U 0 # 0, where v € {7, 7} and 6 € {6,...,0}. Note that in all cases,
assumption R1 can be interpreted to mean that @ must be sufficiently high. That is, we
can rewrite the latter condition as: § > ((A5 — As) — 0(y —1))/(1 —7)).)

To see this, let ¥ = min{{y,...,7} \ {7}}, and note that (5 — 1) < (7" — 1) for all
v'#7 U 0 #8,since ¥ < 1. Then, applying assumption R1:

7 < (A5~ As)) /6
= 0y <0y — (A5 — As))
= AS+0(y—1) <As+0(y—1)
= (A5 —0(1 — ML +7) < (As+0(5% —1))(1+7)
= (A5 = 0(1 - 9))(L+7) < (As+0(y' = 1) (L +7)
= (A5 = 0(1 =)L +7) < (As' +0(y' = 1))(1 +7) (13)
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for all ' # v U 0+ 0.
While we have not yet explicitly defined v for (As' —6(1 —~)) (1 + r), it is clear from
(11) and (12) that we are fully constrained in the specification of v on this remaining

interval. Specifically,

v ((As' =0(1—7)) (1+7) = (ac(As’) = Y pO)p(y) (af ((As"+6(+' — 1)) (1+7)) +b))/(pO)p(1))
yi£y U 040
(14)

Using (14), we define v as a function of Aw’, i.e. letting Aw’ = (As’ — (1 — 7)) (1+7),

we have

v(Aw') = (o (Aw' /(1+7) +0(1=7) = > pO)p(y) (af (Aw' + (0(v' = 1) +0(1 7)) (1+7)) +))/((O)p(1))
viEy U o#6
(15)

We define v according to (15) for all Aw’ € [(As — 0(1 — 7)) (1 +r), (AS—6(1 — 7)) (1 +7)).

By construction, we therefore have that Fv(Aw|As’) = uc(As') everywhere. We now
guarantee that v’ > 0. First, v is increasing on [(A5 — (1 — 7)) (1+7), (A5 + 6(7 — 1)) (1+
)] by construction. Second, for

Aw' € [(As—0(1—7)) (147), (A5 —6(1 — 7)) (1+7)), the condition v/'(Aw’) > 0 is
satisfied if:

(lip (Aw' /(A + )+ 01 =) = > ap@)p(y")f (Aw' + (0(+' = 1) +0(1 = 7)) (1 +1)))/(p(O)p(7)) > 0,
yi#TUo0

for which it suffices that

i (Aw'/(1+7) +0(1 = 7)) = a(l = p(0)p(1)) fuae > 0

e g (Aw'/(1+7)+6(1—7)) (16)
(1= p@)p() frnae -

=~/

Define i, = min{diy (Aw’/(1+7) +6(1 — 7))} on [As, A5]. Letting a < u_p(g;)—?w

guarantees that condition (16) is always satisfied, and hence that v" > 0 everywhere.
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Finally, we note that v is guaranteed to be differentiable at every point except at Aw® =
(A5 —6(1 —7)) (1 +r), and that it is trivial to show that f can be chosen to guarantee
differentiability at this point as well.

We have shown that every Protestant ethics agent falls within the Calvinist subclass, and
that every Calvinist agent falls within the Protestant ethics subclass, hence Upp = Uc.

This concludes the proof. &

Corollary 1. Given any values of the aggregate variables, any Calvinist works more,

saves more and has higher expected wealth than a standard agent.

Proof. Applying Lemma 1, we can define, for any Calvinist, function uc(s' — S) =
Euc(p(g' = g|v',s" — 5)), where @, > 0. The rest of the proof then follows closely
the proof for remark 1, and makes use of the implicit function theorem. In particular,
we do not make use of the rare disasters assumption R1. Letting p € [0, 1], we consider
maximization problem U’ = [u(c})+ BEu(cy) —d(I))] + pic(s' — S), subject to the budget
constraints [BC|. We note that p = 0 corresponds to the standard agent’s problem, and

i =1 corresponds to the Calvinist problem.

First order conditions

Fy = —u/(c}) + B(1+r)Bu/(c3) + piig(s' = §) = 0 (17)
Fr=ud () f (1" —d (") =0. (18)
. . FSS ES
The Hessian is then , where
Es El

Foo = "(c}) + B(1+ )" Bu’(c3) + piig (s = 9)
Fiy = —u(c}) f'(I)
Fu = () (F/ (1)) + £/ (eh) = (1),

Applying the implicit function theorem, we have:

w8l ] 1 [CRSE] L [Ris - 9) (19
di*(S,L N A N ~ i )
et A BT Fisiig(s' — 5)
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where A is the determinant of the Hessian.

The 2 x 2 Hessian is negative definite and hence /A > 0. It is clear that Fj;; < 0 and that

Fis > 0, and since g (s' — S) > 0, it follows that %ﬁ’m > 0 and that 435 > 0 Tt is

dp
dEwd—lES’L) =(1 +T)%§’L) > 0. Finally, since the result holds for any

aggregate variables, this concludes the proof. §

then immediate that

Corollary 2. The equilibrium outcome of an economy consisting of Calvinists is Pareto
wnefficient. Calvinists overwork and oversave in equilibrium: let [*,s* be the equilibrium
choice of labor and savings, respectively, which is identical for each agent, for Calvinist
utility Ue € Y. Then there is an l < I*, s < s* such that, if each agent chooses labor
and savings s, then Ug(l, s) > Uc(1*, s*).

Proof. 1t is clear that each Calvinist agent has a unique optimal solution, and, since all
agents are identical, that [*, s* are the identical each agent. Hence L* = [*, S* = s* are

the aggregate variables in equilibrium. Each Calvinist agent then receives utility:
ur(e}, ") + Buz(ca(s™)) + Euc(p(g’ = g17',0)), (20)

where ¢f = f(I*) — s* is the associated period 1 consumption, and ¢} is the associated
period 2 consumption (given the realized period 2 shock). Note that the relative savings

term in the Calvinist function u¢ is 0, since s* — S* = s* — s*.

Now consider instead the equilibrium l~*, s* for standard agents, i.e. agents which maximize
uy(cr, 1) + Euy(cy)) subject to the same budget constraints [BC]. Then I*,3* is clearly
unique; moreover [* < [I*, §* < s* by Corollary 1. If each Calvinist agent were instead
to choose labor I* and savings §* (from which it follows that aggregate labor and savings

would be L* = [* and S§* = 5%, respectively) their expected utility would be:
ur(&,1%) + Bus(ea(57)) + Euc(p(g’ = g1y, 0)). (21)

Note that here as well, the relative savings term in the Calvinist function u¢ is 0, since
s* — § = 0. Comparing expressions 20 and 21, the last term is the same in both, but
wy (&5, 1%) + Buy(cy(5%)) > ui(ch, 1) + Eug(ca(s*)), since [*,5* is the unique maximizer of
the expression. It follows that there would be therefore be a Pareto improvement (each
Calvinist agent would have higher utility) if they each chose to work and save I* and s*,

respectively. This concludes the proof. g
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Some models in the existing literature associate KU J preferences with an agent’s propen-
sity to increase his own consumption as aggregate consumption increases; the next result
provides the conditions under which this occurs for a Calvinist. This property is a func-
tion of the rate at which informativeness increases with s* — S relative to the preferences

for early resolution of uncertainty, although we abstract from this point.

Remark 3. Given any values of the aggregate variables, the following statement holds.
If, for Calvinist agent i, uc (as defined in Lemma 1) is concave, then Calvinist i works
more, saves more and has higher expected consumption Ec, as expected consumption EC,

mcreases.

Proof. We again apply the implicit function theorem. Using the first order conditions and

the Hessian from Corollary 1, we have:

S | _ L |Fudis | _ 1| Fuit(s' = 9) )
di* (S,L N s | A (s
e A | Fule | A | =Fab(s' - )

We have that A > 0, F;; < 0 and Fj;, > 0. Moreover, by the concavity assumption,
ds*(S,L) dl*(S,L)

¢(s' — S) < 0, and it therefore follows that “zZ= > 0 and that 7z~ > 0. Tt is
then immediate that % > (0. The result holds for any aggregate variables, which

concludes the proof. §
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