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INTRODUCTION

“Like other animals, man is an agent that acts in response to stimuli afforded by the

environment in which he lives. Like other species, he is a creature of habit and

propensity. But in a higher degree than other species, man mentally digests the content

of the habits under whose guidance he acts, and appreciates the trend of these habits and

propensities. He is in an eminent sense an intelligent agent.”

(Veblen, 1898a, p. 188)

The quest for understanding long-run economic growth and development patterns has

been a defining feature of economics. Economists of all generations have developed the-

ories and models that explain why some countries experience sustained economic growth

and why others do not. Until the late 1980s, the literature has largely been dominated

by neoclassical growth models developed by Solow (1956)-Swan (1956) and Ramsey

(1928)-Cass (1965)-Koopmans (1965). In these models, long-run economic growth is ex-

plained solely by exogenous productivity growth that is due to exogenous technological

progress.

In the 1980s, the Penn World Table data has emerged and purchasing power parity (PPP)

adjustments have been made. The neoclassical growth theories have been unable to ex-

plain the observed divergence between cross-country income levels alongside the accel-

erating growth in living standards of the relatively rich economies. The shortcoming of

the previous theories has canalized the economists to investigate how technology changes

which have lead to the emergence of endogenous growth models where both economic

and technological growth are endogenously determined within the models.

The discussions during the late 1980s and early 1990s emphasizing not only the accumu-

lation of economic aggregates but also their distribution underlined the role that hetero-

geneity plays in macroeconomics. The Bewley (1986) models, i.e., incomplete market

models with heterogeneous agents, have emerged as a result of the economic growth lit-

erature’s attempt to introduce heterogeneity to the growth models. The emphases on the

consequences of how equally the economic aggregates are distributed have continued in
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an accelerated manner. These discussions are now at the center of the macroeconomics

literature since several works have pointed out the primary role that economic inequality

played on the 2007-2008 global financial crisis. According to Kumhof, Rancière, and

Winant (2015), for instance, the sustained increase in the consumer debt that originated

from income and wealth inequalities prepared the onset of the crisis. The accumulation

and distribution of macroeconomic variables being the primary focus of the macroeco-

nomics literature has pointed out a return to the discussions of the classical economists.

In other words, 150 years after Mill (1848) which is the very last work of the classical

economists, we have overcome the efficiency problems and returned to the issues on how

production is done, how factors are accumulated, and how the output is allocated.

The rising concerns of economists on distributional issues are not limited only to within-

country distributions, i.e., the distribution of an economic variable among the agents

within a single economy. With the newly available data on historical income levels in

mid-1980s, a literature investigating whether there is convergence in cross-country real

GDP levels has emerged. Islam’s (2003) and Galor’s (2010) reviews indicate the litera-

ture agrees on the fact that there is no global convergence in per capita income levels. In

other words, the neoclassical growth theories’ prediction that the relatively poor countries

converge to the per capita income levels of their relatively rich peers by attaining higher

economic growth rates does not empirically hold for all countries. There is, instead, a

club convergence where multiple growth regimes exist and countries with similar char-

acteristics (e.g., human capital levels, saving rates, technologies) converge to the same

steady-state per capita income. The more recent works of Milanovic (2016) and Ravallion

(2016) show that the growth performances of China and India over the last decades have

contributed to a decrease in global inequality, i.e., lead to a more egalitarian global in-

come distribution. However, not all countries have attained high economic growth rates

during this period and “the developing world’s poorest have been left behind” (Ravallion,

2016, p. 140).

Despite the fact that roughly 250 years have passed after the Great Britain’s Industrial

Revolution, there are still many countries that have failed to experience their own. Unlike

the mid-18th century, the world now consists of three different kinds of societies with

explicit differences in their living standards. The first group, the group of developed soci-

eties, is experiencing an era of modern economic growth. These societies have sustained

and stabilized factor accumulation processes for several generations, have relatively low

fertility and mortality rates, high human capital levels, and experience perpetual economic

growth of real GDP per capita. In addition, the social and economic aspects of life in these

societies are characterized by inclusive institutions such as a well-functioning democracy,
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the rule of law, and environmental awareness (Acemoglu & Robinson, 2006, 2012). The

presence and the effectiveness of these institutions further spur economic development

and keep these societies situated on their balanced growth paths. The second group con-

tains the underdeveloped societies. These societies have yet to initiate the take-off stage

of their development, as in Rostow’s (1959) terms. They have the opposite characteristics

of their developed peers; they have relatively high fertility and mortality rates alongside

low levels of human capital, and political regimes in a majority of these countries are

autocratic or non-democratic. These are the societies where extractive institutions prevail

in the social and economic life, and the dominance of these institutions causes prolonged

stagnation (Acemoglu, Johnson, & Robinson, 2001; Acemoglu & Robinson, 2006, 2012).

The last group is the group of developing societies. Though they have completed their ini-

tial processes of economic development, the developing countries have still not reached

the regime of modern economic growth. Their per capita income levels are not high

enough for the countries to be considered rich, but not low enough for them to be con-

sidered poor. The developing societies are on a transition path towards being considered

as developed societies, and their social and economic aspects of life contain a mixture of

both inclusive and extractive institutions.

The poverty trap models developed at the beginning of 1990s have provided insights on

how economies can experience prolonged stagnation, with some noteworthy contributions

being those of K. M. Murphy, Shleifer, and Vishny (1989), Azariadis and Drazen (1990),

G. S. Becker, Murphy, and Tamura (1990), and Matsuyama (1991). These models have

predicted multiple steady-states where economies either get stuck in a stagnation equilib-

rium or converge to a growth equilibrium. However, these models could only explain the

reasons why persistent poverty exist but could not account for the transition from stagna-

tion to growth. Some earlier works of Goodfriend andMcDermott (1995), Tamura (1996),

Acemoglu and Zilibotti (1997), and Arifovic, Bullard, and Duffy (1997) have focused on

the transition process to modern economic growth, but neither work have addressed the

demographic transition. The first model that explained an endogenous and gradual transi-

tion from stagnation to growth was proposed by Galor and Weil (2000), which led to the

emergence of the unified growth theory (UGT). The basic feature of the models under a

unified growth framework is that they replicate the historical pattern of the today’s devel-

oped economies. The common path within a UGT framework is as follows: Initially, the

economy experiences several milennia of Malthusian stagnation, which, at some time in

history ends after the initiation of human capital accumulation and a demographic tran-

sition. Then follows a gradual transition to an era of modern economic growth, where

population is stabilized and economic growth is perpetual.
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The literature so far, has primarily focused on the economic motives with rigorous as-

sumptions that shape agent behavior. This thesis focuses on the implications of altering

one particular presumption that the majority of the economics literature builds upon: It

is the presumption that economic agents are isolated from each other in the sense that

their preferences and choices do not interact. The theoretical background of the thesis is

based on the social and evolutionary dimension of human behavior that Thorstein Veblen

discussed in his various works (Veblen, 1898a, 1898b, 1899). Specifically, this thesis ar-

gues that the desire to gain social status through economic actions and forming habits that

impose constraints on economic decisions influence the distribution and accumulation of

economic aggregates and, hence, the growth rates and welfare levels. The primary goal

of the thesis is to capture the forces that affect physical and human capital accumulation

when the social motives and norms partially characterize individual decision-making.

The necessity to include a social dimension in economic models arises from the poten-

tially profound influences of the social sphere on individual preferences and decisions.

The social structure of a society, e.g., norms, identities, or cultural backgrounds, can

have pronounced effects on individuals via either partially determining their preferences

or imposing constraints on their decisions that are sometimes more important than eco-

nomic motives (Akerlof & Kranton, 2010; Akerlof & Shiller, 2010). These influences

can explain two contemporary problems that the existing growth literature seeks to an-

swer. First, they can explain the evolution of within-country income and wealth distribu-

tions through an accurate portrayal of the accumulation decisions. That each agent gives

different weights to the social and economic motives explains the variations in accumula-

tion decisions (wealth or physical capital via bequests and human capital via education),

thereby determining the evolution of the distributions of economic aggregates. Second,

different cultural heritages can provide insights on why the theories that accurately ex-

plain the long-run trends of developed countries cannot account for the rest of the world,

especially for the underdeveloped countries situated away from their balanced growth

paths.

The impact of the social sphere that this thesis seeks to analyze is two-fold. First, by

affecting preferences of each individual, social motives generate a heterogeneous prefer-

ence structure and an interdependency among individuals. The heterogeneity that social

interactions cause, in turn, affects the distribution and evolution of economic aggregates.

One particular element that socially-motivated preferences affect is wealth accumulation.

Veblen (1899) argues that wealth determines the relative position and power of an agent in

the social sphere. His theory, therefore, directly connects the interdependence of agents

and wealth accumulation through the social motives behind holding greater portions of
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the total wealth. That physical capital and wealth being directly linked through the capital

market makes the motives behind wealth accumulation vital to understand how physical

capital is accumulated. Furthermore, heterogeneity in terms of the weights individuals

assign to their relative position in the society causes wealth accumulation to differ among

them and is able to explain how wealth is distributed in equilibrium.

The second goal of this thesis is to analyze the effects of the constraints that social struc-

tures impose on individual decision-making processes. Social norms can have economy-

wide effects by imposing barriers on individual decisions. As argued by Montgomery

and Casterline (1996) and Bernardi and Klärner (2014), for instance, the effects of social

constraints are significant for the decisions that have social values, especially in tradi-

tional societies and particularly for fertility decisions. The forces that affect the number

of children people have are important because they can directly influence human capital

accumulation via the quality-quantity (Q-Q) trade-off, a trade-off between the fertility

and education investment decisions originating from the fact that “quality seems like a

relatively close substitute for quantity, [and] families with excess children would spend

less on each child” (G. S. Becker, 1960, p. 217). Since human capital is a primary source

that determines the living standards of societies in the long run, the factors that affect

human capital accumulation need to be investigated by considering the potential effects

of social norms on the reproductive behavior of agents and their potential implications on

the (very) long-run growth path of the economy.

Chapter 1 introduces an infinite-horizon, discrete-time, heterogeneous agent, overlapping

generations (OLG) general equilibrium (GE) model where

• economic growth is endogenous with the production technology exhibiting exter-

nalities on physical capital accumulation à la Romer (1986), and

• preferences are extended with a status-seeking motive such that adult agents derive

utility from (i) consumption, (ii) parental altruism, and (iii) social status.

The utilization of production externalities originating from physical capital accumulation

is particularly useful when the analysis mainly focuses on the role of wealth accumulation

in an endogenous-growth economy. Romer’s (1986) production technology based on in-

creasing returns from positive externalities on labor productivity associated with physical

capital accumulation provides a simple yet meaningful endogenous-growth mechanism

which can be used to underline the role of physical capital accumulation on long-run eco-

nomic growth. Therefore, the analysis in Chapter 1 provides insights on the role of social

motives on accumulation of physical capital in the long run.
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The asset or wealth stock of an agent, relative to the average wealth, represents the social

status in the model. This notion is analogous to Veblen’s (1899) theory on conspicuous

consumption and the leisure class. Veblen (1899) argues that wealth is the prime determi-

nant of social status and agents take conspicuous consumption decisions in order to signal

their wealth. When wealth is perfectly observable, it directly determines the social sta-

tus of an agent without the need for a proxy. The model additionally assumes that agents

have a bequest motive in the form of parental altruism. The status and bequest preferences

jointly determine the saving rate of an agent. Heterogeneous preferences for social status

and bequest create heterogeneity in the saving behavior and hence explain the evolution

of the cross-section distribution of wealth. Moreover, since social status determined by

relative wealth is an argument of the utility function and relative wealth depends on the

economy-wide accumulation of wealth as well, the presence of status-seeking motive cre-

ates positive and negative welfare effects through individual and economy-wide wealth,

respectively.

The results of the model have potential implications on growth, distribution, and welfare

effects of the status-seeking motive. First, the results show that, when preference param-

eters are independently and identically distributed (i.i.d.) and are independent from the

distribution of assets, some common factors such as the capital elasticity of output and the

means of preference parameters affect both the rate of economic growth and the variance

of the detrended wealth distribution. Second, if the variance of either one of the parental

altruism or status-seeking motives is too high, the variance of the detrended wealth distri-

bution explodes, i.e., the distribution becomes less egalitarian over time. Finally, exten-

sions of the model show that taxing capital income and redistributing the revenue can (i)

reduce wealth inequality without harming economic performance under i.i.d. preferences,

and (ii) increase social welfare despite reducing the growth rate in a two-class society as

in Mankiw (2015) if the working class is large enough or negative externalities originating

from status-seeking are sufficiently strong.

Chapter 2 focuses on human capital accumulation and introduces an infinite-horizon a

discrete-time, representative-agent, OLG GE model where

• social norms impose a habitual constraint on fertility choices, and

• agents gain utility from (i) consumption, (ii) fertility, and (iii) the future consump-

tion prospects of their children.

Montgomery and Casterline (1996) argue that reproduction is not simply an individual

choice; the social structure can have non-negligible influences on the fertility choice of

the members of any society. The model economy in Chapter 2 introduces an endogenous
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habit stock that represents social norms that are vertically transmitted from one generation

to the next and imposes a constraint for the decisions on reproduction. The habit stock of

fertility faced by generation-t+1 adults is a weighted average of (i) the habit stock of fer-

tility faced and (ii) the average fertility chosen by generation-t adults. It therefore captures

the roles of historical persistence, the evolution of social norms, and the transmission of

preferences from one generation to the next.

Since the chapter primarily focuses on human capital accumulation, it utilizes a produc-

tion technology that is linear in human capital. The latter is accumulated through the

education expenditure of parents who decide on the number of children they have and the

level of education expenditure for the children, i.e., they face a child Q-Q trade-off. The

model allows parents to not to invest in education if the returns on education are not high

enough. Therefore, the model can generate long periods of both stagnation and growth

and is in this sense a unified growth model.

The results of Chapter 2 decipher the long-lasting impact of non-economic institutions

on a society’s process of economic development. The basic model of the chapter, with

strictly conservative agents who do not question social norms, has multiple (separated)

steady-state equilibria. One of these equilibria is characterized by binding social norms,

high fertility, and either no investment in human capital at all or low levels of investment

that generate a low-growth steady-state. An extension of the model shows that how sec-

ularization, i.e., questioning the existing religious norms that impose high fertility and

limiting the role they play on social life, enables the economy to converge to an asymp-

totic high-growth equilibrium with high levels of education investment. The model also

has important implications on the mechanism of the Q-Q trade-off. It shows that, when

individuals are not isolated from each other, the constraints that the social norms impose

can prevent an agent to substitute between the number and the education of her children.

The model, therefore, can explain why some contemporary societies, mainly traditional

and conservative ones, are still stuck with low growth rates or stagnation with high fertility

and how they can proceed to later stages of economic development.

The outline of the thesis is as follows: Chapter 1 analyzes the accumulation of physi-

cal capital and the distribution of wealth where agents seek to increase their social status

through accumulating wealth, and Chapter 2 studies the process of human capital accumu-

lation where social norms constrain individual decision-making through fertility habits.

Both Chapters 1 and 2 include discussions of the related literatures, model environments,

equilibrium definitions, main results, and implications of the basic models and possible

extensions. Finally, the thesis summarizes the results and discussions in Chapters 1 and 2
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and concludes with some remarks.
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CHAPTER 1

STATUS PREFERENCES, WEALTH INEQUALITY AND
ENDOGENOUS GROWTH

“[...] in order to his own peace of mind, that an individual should possess as large a

portion of goods as others with whom he is accustomed to class himself; and it is

extremely gratifying to possess something more than others. [...] So far as concerns the

present question, the end sought by accumulation is to rank high in comparison with the

rest of the community in point of pecuniary strength. So long as the comparison is

distinctly unfavourable to himself, the normal, average individual will live in chronic

dissatisfaction with his present lot.”

(Veblen, [1899] 1922, p. 31-32)

1.1. INTRODUCTION

The evolution of within-country income and wealth distributions have been receiving in-

creasing attention by the economists, especially with the availability of data provided

by the World Inequality Database. Illustrating the trends of how income and wealth are

distributed, Piketty and Saez (2014) show that both the US and Europe have experienced

gradual shifts to more egalitarian distributions from the early 1920s to the early 1970s. On

the contrary, the period after 1980s has been of a worldwide trend of increasing inequality,

which have counteracted most of the decline in both wealth and income inequalities prior

to the early 1970s. Alvaredo, Chancel, Piketty, Saez, and Zucman (2018) provide a more

comprehensive analysis on the trends of income and wealth inequalities and demonstrate

that the within-country distributions in global economies have become more unequal over

the last 30 years. Their data show that income inequality have substantially increased in

North America, Asia, and Europe, while remained stable at extremely high levels in sub-

Saharan Africa and the Middle East. Alvaredo et al. (2018) point out a greater inequality
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of wealth compared to income, as their data and estimations suggest that more that 70%

of total wealth in the United States, Europe, and China is possessed by the top 10%.

Even though the issue of growing inequality has received some attention before (espe-

cially in the form of cross-country income differences), it was after the 2007-2008 global

crisis that it has become a central aspect of the macroeconomics literature. Regardless

of the increasing attention on inequality, the available data indicate an outstanding di-

vergence in both income and wealth levels for the corresponding period. For example,

Atkinson, Piketty, and Saez (2011) displayed that the share of the top 1% in the US total

income has risen dramatically after 2007.

The motive behind economists’ recent focus on inequality is mostly due to the events took

place prior to the 2007/2008 financial crisis and the role that inequality played for the

crisis. Several studies singled out the steadily increasing inequality and the destabilizing

effects of unequal distributions on economies after the late 1970s as the primary reason

for the occurrence of the Great Recession. For instance, Kumhof et al. (2015) argue

that the prior unsustainable increase in consumer debt caused the household defaults and

financial fragility that triggered the financial crisis in 2007. Furthermore, they argue that

the Great Depression and the Great Recession are strikingly similar as they both followed

sizable increases in the inequality and debt-to-income ratio of low and middle-income

households.1 Their conclusion is that a decline in inequality prior to the 1980s would

have significantly decreased the probability of a crisis. Another study by Cynamon and

Fazzari (2015) attribute the slow post-crisis recovery of the US to the inadequate demand

that the rise in inequality caused. The discussions on the mainstream literature and the

evidence of the profound macroeconomic effects of unequal distributions indicate that the

economic theory ought to explain the evolution and determinants of inequality.

Of the two forms of inequality, wealth inequality is of broader interest compared to in-

come inequality due to several reasons. First, income inequality—to some extent—is

considered to be less controversial than wealth inequality because of its more merit-based

nature. Second, the wealth concentration is much higher in both Europe and the US com-

pared to the income concentration, which, according to Piketty and Saez (2014), makes

wealth inequality more extreme. In addition, income is a flow while wealth is a stock

that is directly transferred among generations through inheritance. The intergenerational

transmission of wealth causes wealth inequality to persist over time. Finally, Piketty and

Saez (2014) claim that wealth inequality can become more severe in the future than it is

today and may have substantial adverse effects on social and economic life, especially

1See C. Jones, Midrigan, and Philippon (2011) for a study on how household debt caused the Great

Recession.
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due to possible shifts to relatively capital intensive production technologies.

1.1.1 Question

Investigating capital accumulation through intergenerational linkages (i.e., bequests) is a

good starting point to understand how the cross-section distribution of wealth evolves. A

common assumption in the standard economic theory is that agent preferences, thus sav-

ing behaviors, are independent of each other. In other words, each agent makes her saving

decision independent of the choices of other agents’ decisions. Conversely, a longstand-

ing tradition of thought underlines the role of individuals’ desire to attain social status

and esteem links their preferences and actions. The role that this social motive plays is

not less than the role that pecuniary rewards play when deciding on wealth accumulation.

The origins of arguments on agent interdependence date back to as early as Smith (1759)

and Veblen (1899). Especially Veblen’s theory that individuals’ pursuit of social status

influences them to strive for higher wealth is still prevalent in the contemporary works on

interdependent agents. Later studies established further links between social interactions

and economic decisions; such as Weber’s (1905) protestant ethic and Leibenstein’s (1950)

relative consumption. Considerable empirical evidence so far supported the influence of

social relations on economic decision-making.2 For instance, a recent experimental re-

search by Castelló and Doménech (2017) on platinum credit cards shows that people

accept to bear economic costs for a good that increases their social status but does not

offer an economic reward at all. The empirical investigations suggest that social motives

influence decision-making and thereby sole economic motives are not sufficient enough

to explain resource allocation of agents.

The evident link between saving behavior and social motives makes it essential to address

the social structure of an economy to analyze how wealth is accumulated. There is a body

of literature integrating the social dimension of household-level or dynastic preferences

to representative agent models where households or dynasties are identical. However, the

nature of such models suppresses the distributional consequences of household decisions.

Atkinson (2015) underlines the central role of heterogeneity in economic modeling to

understand the working of an economy and asserts its utmost importance in explaining

the economic differences among people. Therefore, an essential challenge to economic

theory is not only to investigate the economic aggregates but also to provide insights

on how they are distributed. Atkinson’s (2015) remark implies that inclusion of a social

2See, e.g., Easterlin (1995), Clark and Oswald (1996), Kapteyn, van de Geer, van de Stadt, and Wans-

beek (1997), Naumark and Postlewaite (1998), McBride (2001), Christen and Morgan (2005), Luttmer

(2005), and Charles, Hurst, and Roussanov (2009).



12

dimension alone is not sufficient. We need to differentiate individuals with respect to their

preferences and social values. Only then may we have a proper understanding of closely

related economic phenomena such as growth, wealth, and welfare.

This chapter investigates how the presence of social motives in decision-making process

with the weight given to these motives differing among agents affect (i) economic growth,

(ii) welfare, and (iii) wealth distribution. The presence of status-seeking behavior ensures

that each individual’s decisions in an economy are interdependent. When the relative po-

sition of agents determine their rank in the social hierarchy, an agent’s decision to accu-

mulate wealth influences all other agents’ incentives to accumulate as well. The inclusion

of such motive to an economic model enriches an analysis on the dynamics of the cross-

section distribution of wealth. Considering that each agent can give different weights to

their relative position in the social hierarchy and allowing for preference heterogeneity

provides a more comprehensive framework.

1.1.2 Approach

This chapter follows an approach derived from Veblen’s (1899) theory on status-seeking

and Atkinson’s (2015) assertion on the necessity to work with heterogeneous agents in

order to study the cross-section distribution of economic aggregates. It introduces an

infinite-horizon OLG GE model where growth is endogenous and agents’ preferences

and assets are heterogeneous. There are two overlapping generations at a given time: A

passive child population and an adult population who are active decision makers. All

adults are endowed with one unit of time and their bequeathed wealth. They derive utility

from consumption, bequest, and social status. The bequest motive has two components.

The first one is a direct component in the form of parental altruism as in Andreoni (1989).

The second one is an indirect component in the form of status-seeking. Agents are hetero-

geneous in their endowments and preference parameters. Endowments and preferences

are independently distributed. The model assumes that wealth is perfectly observable, and

agents derive social status from their wealth relative to the average wealth stock.

The chapter seeks to study the Veblen effects on economic growth, welfare, and wealth

accumulation in the long run. The economic growth analysis is based on identifying the

factors affecting the balanced growth rate. The welfare analysis is mainly based on in-

vestigating how the different values of the status-seeking motive’s parameter in the utility

function affect an individual’s welfare. Finally, the analysis on wealth distribution pri-

marily focuses on the first two moments of the detrended wealth distribution. The logic

behind utilizing the detrended distribution is that the asset stocks of all dynasties (and
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hence, the aggregate wealth) continue to grow over time in the model economy. There-

fore, a detrended distribution captures the basic properties of the cross-section distribution

of wealth.

1.1.3 Results and Contributions

The main results and contributions of the chapter are as follows:

1. Economies grow faster with stronger bequest and status-seeking motives, i.e., with

larger cross-section means of preference parameters representing these motives.

This complements the results of the line of inquiry on how status-seeking affects

economic growth.

2. In line with the findings of the literature, status-seeking generates a negative exter-

nality on individual welfare. Individual welfare can be better-off or worse-off with

status-seeking, depending on the relative weight assigned to social status in the

individual’s utility. One important contribution of this chapter is by determining

the condition under which status preferences negatively affect individual welfare.

Particularly, the results identify a threshold weight of status-seeking in individual

utility above which individual welfare is worse-off with higher levels of accumu-

lated wealth.

3. The wealth distribution becomes more egalitarian under higher average saving rates

but less egalitarian under greater cross-section variances of these parameters and

elasticity of capital. The variance of the detrended wealth distribution explodes to

positive infinity if there is too much dispersion of the preference parameters around

their mean. Additionally, wage income generates a trickle-down mechanism that

improves the lifetime earnings of the dynasties with relatively smaller asset stocks.

The chapter complements the literature by showing that (i) preference heterogeneity

results in persistent inequality and (ii) the trickle-down effect of wealth accumula-

tion. Additionally, it demonstrates that more capital intensive production technolo-

gies tend to generate less egalitarian wealth distributions.

Extensions of the simple model contribute to the literature in that they provide further

understanding of the long-run determinants of persistent inequality and substantiate a

theoretical rationale for taxing capital income. Extending the model with ex ante skill

differences implies that inherited skills increase inequality (of both income and wealth)

in the long run.

Another extension where the government taxes capital income for redistributive purposes
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shows that taxing capital income is an effective way of decreasing wealth inequality.

When preferences and asset stocks are independent of each other, equally redistribut-

ing the revenue from a flat tax on capital income among all dynasties does not distort the

balanced growth rate. The redistribution generates a more egalitarian steady-state wealth

distribution.

A final extension with a two-class society as in Mankiw (2015) implies that taxing capi-

tal income can increase social welfare under a utilitarian social welfare function. In this

alternative setup where the lifetime earnings of the leisure class originate from their inher-

ited wealth only and the members of the working class earn only wage income, a capital

income tax increases social welfare if (i) the size of the working class is sufficiently large,

(ii) the capital elasticity of output is sufficiently high, or (iii) the status-seeking motive is

sufficiently strong.

1.1.4 Outline

The outline of the chapter is as follows: Section 1.2 extensively discusses the related

literature and contributions of this chapter. Section 1.3 introduces the model economy.

Section 1.4 presents the main findings on the balanced growth rate, welfare, and the wealth

distribution. Section 1.5 discusses the implications of these results and extensions of the

basic model. Finally, Section 1.6 concludes.

1.2. RELATED LITERATURE AND CONTRIBUTIONS

Endogenous Growth Endogenous growth theories have emerged in response to the

insufficiencies of neoclassical growth models of Solow (1956)-Swan (1956) and Ramsey

(1928)-Cass (1965)-Koopmans (1965) variants in explaining sustained economic growth.

The rate of economic growth has remained exogenous in these neoclassical models, being

independent of preferences technologies, and policies.

The first endogenous growth model that accounts for sustained growth is the AK model

developed by Frankel (1962) where the aggregate capital stock increases productivity and

the saving rate is fixed. Arrow’s (1962) and Uzawa’s (1964) papers have then clarified

the role of positive Marshallian externalities associated with physical capital and human

capital, respectively. These studies have inspired Romer (1986) and Lucas (1988) to in-

tegrate positive externalities associated with physical and human capital accumulation

into the Ramsey-Cass-Koopmans framework, respectively. More specifically, Romer’s
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(1986) model introduces a production technology where capital accumulation increases

labor productivity as an externality, implying increasing returns as a source of endoge-

nous growth. Other endogenous growth models with different production externalities

have also been developed and used for various purposes such as analyzing the cross-

country policy differences (King &Rebelo, 1990), the effects of macroeconomic volatility

(L. E. Jones, Manuelli, & Stacchetti, 2000), and the effects of terms of trade (Acemoglu

& Ventura, 2002) on economic growth.

This chapter particularly focuses on physical capital accumulation, and it therefore builds

upon a variant of Romer’s (1986) model to endogenize technology. Since the chapter is

particularly interested in the role of status-seeking on wealth inequality and endogenous

growth, Romer’s (1986) model serves as the simplest non-trivial framework in which the

accumulation of wealth affects technological progress and vice versa.

Status Preferences A substantial theoretical literature has been built upon Veblen’s

(1899) theory that agents’ economic actions are motivated by attaining non-pecuniary

rewards, e.g., social status and power, through increasing their relative position in the

social hierarchy. Inspired by Veblen (1899); Duesenberry (1949), and Pollak (1976),

Frank (1985) have formulated the initial micro-theoretical frameworks concerning con-

sumer interdependence, i.e., the importance of relative income and consumption. Cole,

Mailath, and Postlewaite (1992), Robson (1992), Ireland (1994), and Zou (1994) followed

the previous works to explain economic outcomes with non-economic motives or origins.

The relative consumption concerns of individuals and the consumption externalities they

cause have been extensively studied under "keeping (or, catching) up with the Joneses"

models with some notable ones being Abel (1990), Gali (1994), Futagami and Shibata

(1998), Fisher and Hof (2000), Alvarez-Cuadrado, Monteiro, and Turnovsky (2004), Liu

and Turnovsky (2005), and Turnovsky and Monteiro (2007).

This chapter is related with three specific segments of the literature on status prefer-

ences. First, it is related with the discussions linking status-seeking and economic growth.

Kapur (2005), Pham (2005), Alvarez-Cuadrado (2007), Duernecker (2007), Fisher and

Hof (2008), and Alvarez-Cuadrado and van Long (2011) have worked on models with

identical preferences for social status and constant returns to scale (CRS) production

technologies. Alvarez-Cuadrado and Long (2012) have then extended the CRS technol-

ogy framework with heterogeneous preferences. Rauscher (1997), Corneo and Jeanne

(2001), Liu and Turnovsky (2005), Turnovsky and Monteiro (2007), and Bilancini and

D’Alessandro (2012) used frameworks with Romer (1986) type of production external-

ities and identical preferences, and Futagami and Shibata (1998) and Heikkinen (2015)
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have worked with heterogeneous preferences. One key finding of this literature is that

the presence of status preferences yields faster economic growth in the long run and the

growth rate is increasing with stronger preferences.

The model economy of this chapter builds upon Romer (1986) and uses heterogeneous

preferences and asset endowments. More specifically, the sources of heterogeneity in the

model are bequeathed asset stocks (and, hence, capital income), and preference param-

eters representing bequest and status-seeking motives. This chapter contributes to the

literature by extending the framework of Corneo and Jeanne (2001) with heterogeneous

households preferences. The results are in line with those of Corneo and Jeanne’s (2001)

in that they illustrate the growth-enhancing effects of status-seeking behavior.

Another line of the status preferences literature that this chapter is related with is the

welfare implications of status-seeking motives. Kapur (2005) has used relative consump-

tion as a mean for attaining social status and showed that status-pursuit leads to over-

consumption and over-accumulation that fosters economic growth but reduces welfare.

Pham (2005) has extended a model first proposed by Glomm and Ravikumar (1994)

and induced a status-seeking motive where the status is determined by relative wealth.

Pham’s main finding is that individual welfare does not necessarily increase with eco-

nomic growth when agents derive utility from their social status. Eaton and Eswaran

(2009) have used a static general equilibrium model with a Veblen good to demonstrate

the adverse effects of status-seeking on individual welfare. Bilancini and D’Alessandro

(2012) have utilized a framework with identical agents to show that the decentralized (or

competitive) solution under consumption and leisure externalities results in a higher out-

put growth but a worse individual welfare compared to the centralized (or social planner)

solution. Heikkinen (2015) has introduced heterogeneity to Bilancini and D’Alessandro’s

(2012) framework where there are two types of agents and found the same result.

The analysis of this chapter differs from these works in that it assumes a continuous distri-

bution of preference parameters across dynasties. The results are in line with the existing

literature in the sense that status-seeking creates adverse welfare effects. Another con-

tribution of the chapter is determining under which conditions status-seeking adversely

affects individual welfare. In the model of this chapter, status-seeking generates two dif-

ferent effects on individual welfare that counterbalance each other. The first one is a

welfare-enhancing income effect that the higher growth rate delivers. The second one is a

welfare-reducing externality which is an outcome the status deprivation of agents result-

ing from higher levels of average asset stock in the economy. The net effect depends on

whether the individual’s status preference parameter is greater than a threshold level or
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not.

Finally, this chapter is related with a group of works investigating the effects of status

preferences on wealth and income inequalities. Corneo and Jeanne (1999), van Long

and Shimomura (2004), Pham (2005), and Ray and Robson (2012) have investigated the

long-run dynamics of wealth distribution under status preferences with CRS production

technologies. This chapter uses a Romer (1986) type of production technology in order

to capture the relationship between physical capital accumulation and wealth distribution.

Corneo and Jeanne (2001) and Peng (2008) have also used the same technology under a

continuous time model with identical household preferences. The analysis of this chapter

differs from them in that it uses a discrete-time model with heterogeneous preferences. It

shows that differences with respect to the strength of the status-seeking motive result in

wealth inequality in the long run, a finding analogous to the findings of Krusell and Smith

(1998) and Mulder et al. (2009) who emphasized preference heterogeneity as the primary

factor of persistent wealth inequality. Furthermore, if the dispersions of the preference pa-

rameters representing bequest and status-seeking motives around their respective means

are sufficiently large, they cause an ever increasing variance of the detrended wealth dis-

tribution.

Wealth Distribution Early works of Kaldor (1955, 1961) and Kuznets (1955) have

demonstrated that inequality and economic development have an inverted-u relationship

where inequality increases at the initial stages of development and then decreases at later

stages.3 However, this hypothesis has not received much empirical support. A large body

of theoretical literature has proposed that inequality and growth are inversely related and

the relation runs through various mechanisms. Some of these mechanisms include re-

duced incentives to accumulate (Persson & Tabellini, 1992, 1994; Bertola, 1993; Alesina

& Rodrik, 1994; Barro, 1999), socio-political instability (Gupta, 1990), credit market

imperfections (Banerjee & Newman, 1993; Galor & Zeira, 1993; Benabou, 1996, 2000;

Matsuyama, 2000, 2004, 2011), the poor favoring the quantity of children over their qual-

ity (de la Croix & Doepke, 2003), and uninsurable labor income risk (Krebs, 2003a,

2003b). Later contributions of Piketty (2011), Piketty and Saez (2014), and Piketty and

Zucman (2015) claimed that lower economic growth rates increase the share of capital

income, thereupon increase inequality.

This chapter contributes to this literature by analyzing the inequality-growth nexus within

a model with endogenous growth and heterogeneous preferences. The results show that

3See, e.g., Fields (2002) for a survey.
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wealth inequality and economic growth are affected by the same forces, namely those of

the saving rate and the capital elasticity of output. A gradual shift towards more capital

intensive production technologies represents the "factor-eliminating technical change" as

in Peretto and Seater (2013); firms seek to develop technologies where the reproducible

factor has higher elasticity in order to eliminate the relatively non-reproducible factors

of production. The results of this chapter show that the adoption of such technologies

tends to generate less egalitarian wealth distributions through the accumulation of physi-

cal capital. This result supports Piketty and Saez’ (2014) claim that possible changes in

production technologies where production becomes more capital intensive can result in

an increase in inequality in the future.

Some theoretical works use models with incomplete markets, Bewley (1986) models, to

study the concentration of wealth. The most notable ones are the early works of Hansen

and İmrohoroğlu (1992), Aiyagari (1994), Huggett (1996), Carroll (1997), Quadrini

(2000), and N. Wang (2003), and the more recent contributions of Benhabib, Bisin, and

Zhu (2011), Clemens and Heinemann (2015), and C. Wang, Wang, and Yang (2016). The

basic idea of Bewley models is that the key forces that determine wealth concentration

are precautionary savings which vary among households. Another line of work empha-

sized ex ante heterogeneities in saving motives. Dutta and Michel (1998), Krusell and

Smith (1998), Laitner (2001), Castaneda, Diaz-Gimenez, and Rios-Rull (2003), De Nardi

(2004), and Mulder et al. (2009) have demonstrated that preference heterogeneity in the

bequest motive determines the concentration of wealth in the long run. Hendricks (2007)

has asserted that, even though heterogeneity in the bequest motive cannot explain the

movements of the largest observations of wealth, it still has some significant explanatory

power. Gokhale and Kotlikoff (2002), Cagetti and De Nardi (2006), and Angelopoulos,

Lazarakis, and Malley (2017) have underlined how skill heterogeneity in an economy can

influence the wealth and income distributions in the long run.4

This chapter contributes to this line of inquiry by the inclusion of a second source of

preference heterogeneity alongside the bequest motive, i.e., heterogeneous preferences

for status-seeking. The results show that heterogeneity in both preferences is the prime

determinant of how accumulated wealth is distributed in the long run. Additionally, the

chapter introduces an extension with human capital differences across dynasties (e.g., skill

heterogeneity) that accounts for the role of earning abilities on inequality. The extension

shows that heterogeneity in earning abilities that is transmitted among generations causes

4See, e.g., Gale and Scholz (1994), Menchik and Jianakoplos (1997), Lindh and Ohlsson (1998),

Quadrini (1999), Wolff and Zacharias (2007), and C. I. Jones (2015) for empirical works on the factors

that affect wealth distribution.
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persistent inequality in both income and wealth.

Capital Income Taxation This chapter is also related with the controversial debate on

whether taxing capital income for more egalitarian wealth distributions is desirable or

not. One side of the debate opposes the implementation of such tax schemes by utilizing

various theoretical models. Atkinson and Stiglitz (1976), for instance, have constructed

an OLG model and showed that taxing capital income is unnecessary when a labor in-

come tax is already being implemented. Farhi and Werning (2010) have used a different

two-period OLG model that shows not taxing capital income works as a subsidy for be-

quests. Chamley (1986), Judd (1985), and Atkeson, Chari, and Kehoe (1999) have formed

infinite-horizon models to argue that the welfare distortion of taxing capital income grows

exponentially, thereby implying that such taxes are not desirable. Mankiw (2015) has

used a static model with a two-class society to show that taxing capital income reduces

the welfare of both classes.

Some other scholars have been in support of a positive capital income tax rate. Atkinson

and Sandmo (1980) have constructed a two-period OLG model where capital income tax-

ation enhances welfare if savings cause a sufficiently strong income effect. Farhi and

Werning (2013) have used a similar setup with that of Farhi and Werning (2010) to ar-

gue that taxing capital income is plausible if the weight assigned to equality in social

welfare is sufficiently high. Aiyagari (1995) has utilized a Bewley model to show that

the over-accumulation of capital due to market incompleteness creates a rationale to tax

capital income. Erosa and Gervais (2002) have used a life-cycle model where insuffi-

cient labor income taxation can be corrected through taxing capital income. Piketty and

Saez (2013) have supported taxing bequests with an infinite-horizon model where agents

have a bequest motive. Straub and Werning (2014) showed that Chamley’s (1986) and

Judd’s (1985) models generate positive optimum capital income taxes under different

parametrizations. Tamai (2015) has used a framework with endogenous growth, hetero-

geneous initial wealth, and a voting equilibrium on redistributive taxation to show that

pre-tax inequality adversely affects economic growth while economic growth and after-

tax inequality have an inverted-u relationship.

This chapter has two contributions to the literature on capital income taxation. First, it

shows that, a social planner can reduce the steady-state wealth inequality without harm-

ing economic growth by implementing a flat tax rate on capital income and redistribute

the revenue equally among dynasties, if household preferences and asset stocks are inde-

pendent of each other. Second, an extension of the basic model with leisure and working

classes demonstrates that taxing capital earnings of the leisure class and redistributing the
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revenue equally among workers can decrease the balanced growth rate, but enhance social

welfare under a utilitarian social welfare function.

1.3. THE MODEL

This section constructs the model economy. It initially introduces the model environment,

market structures, decision problems, and market clearing conditions. Then, the section

defines the static and dynamic general equilibria.

1.3.1 The Model Environment

This subsection sets up the model environment. It initially introduces the time, demo-

graphics, endowments, and preferences. Then, the subsection presents the production

technology.

1.3.1.1 Households

Consider an OLG economy where people live for two consecutive periods, childhood and

adulthood. Fertility is asexual and normalized to imply a fixed population at all times;

each agent has one parent and one child. Time, denoted by t, is discrete and has an

infinite horizon. Agents are passive during childhood and active decision makers during

adulthood. There are unit masses of adults and firms at each t, indexed by i ∈ [0,1] and

j ∈ [0,1], respectively.

The adults have two types of endowments, labor and their asset stocks. The labor endow-

ment is one unit for each agent and supplied elastically. The asset stock ai,t is bequeathed

by each agent’s parents. The total capital stock in the economy at t is defined as in

At ≡
∫ 1

0
ai,tdi. (1.1)

Note that At also represents the average capital stock at t.

Adult agents derive utility from consumption ci,t , the bequest ai,t+1 that they leave to

their child at the end of period t, and the social status (hereafter, status) of their child

denoted by si,t+1. Wealth is assumed to be perfectly observable. In line with Veblen’s

(1899) theory, the status’ of agents are derived from their relative wealth. si,t represents
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the status of agent i at period t and is defined as in

si,t ≡ ai,t

At
. (1.2)

Children inherit preferences from their parents. Agent i’s preferences at t are represented

by the utility function

ui,t ≡ u(ci,t ,ai,t+1,si,t+1) = (1−βi− γi) ln(ci,t)+βi ln(ai,t+1)+ γi ln(si,t+1) .

The parameters βi ∈ (0,1) and γi ∈ (0,1) denote the bequest and status preferences of

agent i, respectively.5 Agents have a joy-of-giving type of bequest motive as in, e.g.,

Andreoni (1989). Both βi and γi are i.i.d. among agents. The means of βi and γi are

denoted by μβ and μγ , respectively. Similarly, σ2
β and σ2

γ denote the variances of βi and

γi, respectively. It is also assumed that the distributions of βi and γi are independent from

the distribution of ai,t . Note here that, by the definition of si,t+1, agents whose offspring’s

asset stocks are smaller than the average wealth gain disutility from status-seeking.

To simplify the exposition, define λi as in λi ≡ βi+ γi ∈ (0,1) with mean μλ and variance

σ2
λ .

6 Substituting λi and (1.2) in the utility function implies

ui,t ≡ u(ci,t ,ai,t+1;At+1) = (1−λi) ln(ci,t)+λi ln(ai,t+1)− γi ln(At+1) . (1.3)

Two remarks are in order: First, adult agents’ bequest motive has two components, one

direct component represented by βi and the indirect component mediated through status-

seeking and represented by γi. Second, status-seeking creates a negative externality

through the future value At+1 of the aggregate wealth stock since adults bear a loss of

status for larger values of the aggregate wealth by construction.

1.3.1.2 Firms

Firm j produces the consumption good with the technology defined as in

Yj,t ≡ Y
(
Kj,t ,L j,t ;Xt

)
= Kα

j,t
(
XtL j,t

)1−α
(1.4)

5βi + γi < 1 is a feasibility constraint for ci,t > 0 for all i.
6Consequently, μλ is the sum of μβ and μγ . σ2

λ is also the sum of σ2
β and σ2

γ since βi and γi are i.i.d.

random variables.
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where Yj,t , Kj,t , and L j,t denote the volume of output, the stock of physical capital, and

the flow of worker hours, respectively, α ∈ (0,1) denotes the capital elasticity of output,

and Xt is the Harrod-neutral productivity term. The productivity variable is defined as in

Xt = ψKt (1.5)

where Kt is the total capital stock in the economy at t and ψ > 0 is another productivity

parameter. Assume that ψ is sufficiently large to promote economic growth. The basic

idea behind introducing an externality to the production technology, as discussed in the

endogenous growth literature, is that the aggregate experience in investment activities and

production promotes new useful knowledge via learning-by-doing.

1.3.2 Market Structures

Three markets in this economy are the good, labor, and capital markets. Households

supply labor and capital, and they demand the consumption good. Firms produce and

supply the consumption good, and they demand labor and capital.

The goods market is perfectly competitive, and firms make zero profit in equilibrium.

Households and firms are both price takers. The consumption good can either be con-

sumed or invested, and it is the numéraire.

Households and firms are both price takers in the labor and capital markets. The (real)

wage and rental rates are denoted by wt > 0 and rt > 0, respectively. The depreciation

rate is denoted by δ ∈ [0,1], and, for simplicity, the entire physical capital stock is as-

sumed to depreciate from t to t +1, i.e., δ = 1. Households are assumed to be paying for

depreciation as in Stokey, Lucas, and Prescott (1989, Section 2.3).

1.3.3 Decision Problems

This subsection defines the decision problems. The problems are those of the generic

household and the representative firm.
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1.3.3.1 Households

The household i chooses ci,t and ai,t+1 and maximizes the utility defined in (1.3) subject

to the budget constraint

ci,t +ai,t+1 ≤ rtai,t +wt . (1.6)

Equivalently, the problem is

max
ai,t+1

(1−λi) ln(rtai,t +wt−ai,t+1)+λi ln(ai,t+1)− γi ln(At+1)

subject to ai,t+1 ≥ 0.
(1.7)

Under the assumption that agents do not internalize the effect of their decisions on At+1,

the first order condition (FOC) for the household’s problem implies

ai,t+1 = λi (rtai,t +wt) . (1.8)

Notice from this solution that λi is the saving rate of agent i for all t.

1.3.3.2 Firms

Given rt and wt , the firm j chooses Kj,t and L j,t to maximize its profit

Π j,t = Y
(
Kj,t ,L j,t ;Xt

)− rtKj,t−wtL j,t . (1.9)

Equivalently, the firm’s problem is

max
k j,t

XtL j,t

(
kα

j,t− rtk j,t− wt

Xt

)
(1.10)

where k j,t ≡ Kj,t/
(
XtL j,t

)
. The FOC for the firm’s problem returns

rt = αkα−1
j,t . (1.11)

Consequently, the zero-profit condition gives wt as in

wt = (1−α)Xtkα
j,t . (1.12)
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1.3.4 Market Clearing Conditions

The market clearing conditions for each market operating within the economy are given

by the following equations. Here, the quantity supplied for each market is denoted by the

left-hand side while the quantity demanded is denoted by the right-hand side.

The goods market clears via

∫ 1

0
Yj,td j =

∫ 1

0
ci,tdi+

∫ 1

0
ai,t+1di. (1.13)

Then, the labor market clears via

∫ 1

0
1di =

∫ 1

0
L j,td j. (1.14)

Finally, the capital market clears via

∫ 1

0
ai,tdi =

∫ 1

0
Kj,td j. (1.15)

1.3.5 Static General Equilibrium

This subsection defines the static general equilibrium (SGE). Then, it proves the existence

of a unique SGE and lists its features.

Definition 1.1 An SGE for any t ∈ {0,1, ...} is a collection

{{
ci,t ,ai,t+1

}
i∈[0,1] ,

{
Yj,t ,Kj,t ,L j,t

}
j∈[0,1]

}

of quantities and a pair {rt ,wt} of relative prices such that, given {ai,t}i and At ≡
∫ 1
0 ai,tdi,

• (ci,t ,ai,t+1) solves the household’s problem (1.7),

• (Kj,t ,L j,t
)

solves the firm’s problem (1.10), and

• the labor and capital markets clear via (1.14) and (1.15) respectively.7

Proposition 1.1 There exists a unique SGE where

rt = αψ1−α ≡ r > 0, (1.16)

7The goods market clearing condition (1.13) is satisfied via Walras’ Law.
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wt = (1−α)ψ1−αAt > 0, (1.17)

ai,t+1 = ψ1−αλi [αai,t +(1−α)At ]> 0,and (1.18)

ci,t = ψ1−α (1−λi) [αai,t +(1−α)At ]> 0 (1.19)

for any i ∈ [0,1].

1.3.6 Dynamic General Equilibrium and the Balanced Growth Path

This subsection defines a Dynamic General Equilibrium (DGE) and proves its existence.

Then, it introduces the Balanced Growth Path (BGP) of the model economy.

The law of motion of At must be specified before defining the DGE. By definition and

(1.18), the aggregate wealth at t +1 reads

At+1 =
∫ 1

0
ψ1−αλi [αai,t +(1−α)At ]di, (1.20)

which, as in (Bertola, 2000, p. 512) reduces into

At+1 = ψ1−α μλ At (1.21)

since λi and ai,t are independently distributed random variables.

Definition 1.2 Given
{

ai,0
}

i and A0 ≡
∫ 1
0 ai,0di, a DGE is a sequence of SGEs that

satisfy the laws of motion (1.18) and (1.21) together with the sequences
{{ai,t}i ,At

}+∞
t=1

.

Proposition 1.2 A DGE exists and is unique.

That a DGE exists and is unique motivates the following proposition:

Proposition 1.3 For sufficiently large ψ , there exists a unique BGP where variables ct ,

At , and Yt grow at a constant balanced growth rate G∗ for the remaining history satisfying

G∗ = ψ1−α μλ > 1. (1.22)

Furthermore, with Gt ≡ G∗ for all t, i.e., the output growth rate for all t being time

invariant, the economy is on its unique BGP for the entire history.
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1.4. MAIN RESULTS

This section presents the main results. First, it discusses the determinants of the balanced

growth rate G∗. Then, the welfare effects of status-seeking and wealth inequality are

demonstrated and briefly discussed. Finally, the section concludes by showing that how

status-seeking and economic growth affect the wealth distribution.

1.4.1 The Balanced Growth Rate

Corollary 1.1 The balanced growth rate G∗ is increasing in average saving rate μλ ,

i.e., the sum of the cross-section means of parameters representing bequest and status-

seeking motives. That is, growth is faster in an economy where agents have stronger

status-seeking and bequest motives on average. Additionally, G∗ is strictly increasing

in the productivity parameter ψ and strictly decreasing in the capital elasticity α . G∗ is

independent of the initial cross-section distribution of wealth.

Corollary 1.1 follows simply from Proposition 1.3. Since G∗ is the growth rate of aggre-

gate wealth as well, it positively depends on the average saving rate μλ . The balanced

growth rate G∗ of the economy also positively depends on productivity parameter ψ since

a larger level of productivity per unit of physical capital increases both labor income and

capital income. The capital elasticity α , on the other hand, diminishes the role of ψ as

a result of the Harrod-neutral formulation of technological progress. These results are in

line with those of Corneo and Jeanne (2001) and Liu and Turnovsky (2005) who have

used similar setups for technology and status preferences.

The independence of wealth accumulation decisions from the wealth distribution is a

consequence of the fact that agents in this model obtain status-related utility from their

child’s holdings of wealth, not from their position in a cumulative distribution function

Ht(a) of wealth. In Corneo and Jeanne’s (2001) and Ray and Robson’s (2012) papers,

agent i’s status is defined as the fraction of agents whose wealth levels are less than the

wealth of agent i, i.e., Ht(ai,t). Thus, the wealth distribution, that is, its parameters, would

affect the saving behavior of status-seeking agents and the process of economic growth if

social status was defined as in si,t =Ht(ai,t). In that case, the gap between the wealth levels

of the relatively poor and rich would discourage poorer individuals from accumulating

in order to catch up with their wealthier peers. Their lack of effort to catch-up, then,

would have discouraged the relatively rich to accumulate in order to maintain their status.

Therefore, economic growth would have been lower with less egalitarian distributions of
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wealth.8 This is clearly not the case here. At any t, the marginal utility of ai,t+1 depends

only on the agent’s choice of ai,t+1 and her preferences, which are independent from the

agent’s asset stock or her relative wealth. Hence, agents accumulate the same portion of

their incomes no matter how wealth is distributed, and the balanced growth rate is not

affected from the parameters of the wealth distribution.

1.4.2 The Welfare Analysis

Note once again that, by construction, the agents whose offspring’s asset stock is below

the average wealth, i.e. si,t < 1, gain disutility from status-seeking. On the contrary,

the findings on the balanced growth rate demonstrate that the economy grows faster with

stronger status preferences, which, in turn, increases the utility of each agent by an in-

crease in wage income (see (1.12)). The net effect of status-seeking on individual welfare

is ambiguous. To solve for ui,t , plug (1.18) and (1.21) in the utility function from (1.7).

These imply

ui,t = φi + ln [αai,t +(1−α)At ]− γi ln(At) (1.23)

where

φi ≡ (1−λi) ln(1−λi)+λi ln(λi)+(1− γi) ln
(
ψ1−α)− γi ln(μλ ) . (1.24)

Proposition 1.4 Agent i’s utility ui,t is decreasing in the aggregate wealth stock At if

agent i’s status-seeking motive γi is greater than the threshold γ̂i,t defined as in

γ̂i,t ≡ 1−α
αsi,t +1−α

. (1.25)

γ̂i,t is decreasing in si,t . In other words, the threshold level of status-seeking motive

for attaining disutility from a larger aggregate wealth stock is smaller for agents with

relatively high status.

The status-seeking motive generates an effect that crowds out the benefits of higher lev-

els of income that accumulated wealth provides. Suppose that the average wealth level

in the economy increases while agent i’s asset stock remains constant. The higher level

of average wealth creates an income effect for agent i through increasing her wage in-

come. However, the higher average wealth causes a status deprivation for agent i. If her

8See, e.g., Corneo and Jeanne (2001) for a discussion on this issue.
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status-seeking motive is sufficiently strong, the adverse effect outweighs the income ef-

fect. The threshold level of status-seeking motive γ̂i,t decreases with the agent’s status.

That is, economic growth can adversely affect relatively wealthy agents while benefiting

the others.

Turning to the evolution of status or, equivalently, of detrended wealth, the law of motion

for si,t is obtained from (1.2), (1.18) and (1.21) as in

si,t+1 =
αλi

μλ
si,t +

(1−α)λi

μλ
. (1.26)

Proposition 1.5 If the saving rate λi of agent i is strictly less than μλ/α , then the status

of agent i converges to a steady-state value s∗i defined as in

s∗i =
(1−α)μλ
μλ −αλi

. (1.27)

An agent’s status at the steady-state depends on (i) her saving rate (which is determined

by parameters representing bequest and status-seeking motives), (ii) the average saving

rate of the society, and (iii) the capital elasticity of output. The steady-state value, if it

exists, is higher for agents with higher saving rates and the effect of the saving rate on the

steady-state is nonlinear.

1.4.3 The Wealth Distribution

Let the counter-cumulative distribution function of detrended wealth at generation t + 1

be denoted by Ht+1(s). By definition, we have

Ht+1(s) = Pr(si,t+1 > s) , (1.28)

and using (1.26) to eliminate si,t+1 returns

Ht+1(s) = Pr

(
si,t >

μλ s
αλi

+
1−α

α

)
. (1.29)

Assuming that the cross-section distribution of the saving rate λi has density f (λ ) and

support Λ≡ [λmin,λmax] implies

Ht+1(s) =
∫

λ∈Λ
Ht

(
μλ s
αλ

+
1−α

α

)
f (λ )dλ . (1.30)
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This integral equation is the difference equation that characterizes the equilibrium evolu-

tion of the cross-section distribution of detrended wealth from t to t + 1. However, such

an equation does not have a closed-form solution for well-known densities f (•) and a

given initial distribution H0(s). Since the equation cannot be solved under a discrete-time

setup with a continuous distribution of ai,t , the rest of the analysis focuses on the first and

second moments of the detrended wealth distribution.

The explicit analysis of the evolution of the wealth distribution is feasible for any f (•)
and H0(•) if the scope is limited with the evolution of the expected value and variance of

si,t . Before proceeding to this analysis, it is useful to note that relative wealth in this model

determines the social status and, additionally, the distribution of status is identically the

distribution of the detrended wealth because of the definitions of status and wealth.9 Thus,

the variance of status, through representing the dispersion of the wealth distribution, can

depict wealth inequality.

Taking the expectations of both sides of (1.26) returns the expected value of si,t+1 as in

μs,t+1 = αμs,t +1−α. (1.31)

After taking the variances of both sides of (1.26), the variance of si,t+1 is obtained as in

σ2
s,t+1 =

α2
(
σ2

λ +μ2
λ
)

σ2
s,t

μ2
λ

+
(αμs,t +1−α)2 σ2

λ
μ2

λ
. (1.32)

Proposition 1.6 Given the law of motion (1.31), the expected value of status (or de-

trended wealth) converges to a steady-state value μ∗s such that

μ∗s = 1. (1.33)

Let CVλ denote the coefficient of variation of the saving rate λi where

CVλ ≡
σλ
μλ

. (1.34)

Given the law of motion (1.32) and a sufficiently small CVλ such that

CVλ <

√
1−α2

α2
, (1.35)

9The status si,t is defined as the asset stock ai,t of an agent divided by the average wealth stock At . Since

the average wealth stock is also equal to the total wealth stock in this model, the distribution of si,t can be

interpreted as the distribution of wealth divided by the total wealth stock.
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the variance of status (or detrended wealth) converges to a steady-state value σ2∗
s where

σ2∗
s =

σ2
λ

μ2
λ −α2

(
μ2

λ +σ2
λ
) . (1.36)

If CVλ is not sufficiently small, i.e., the dispersion of the saving rates around the average

saving rate is large, the variance of status (or detrended wealth) explodes and goes to

infinity.

Proposition 1.6 shows that too much dispersion of either one of the bequest or status-

seeking motives around their respective means would result in an exploding variance of

status and wealth over time. Additionally, the steady-state variance of status and wealth

is independent of the initial cross-section distribution of wealth; it only depends on the

capital elasticity of output and the expected values and variances of preference parameters.

(1.31) implies that the evolution of the expected value of status and wealth is only affected

by the capital elasticity α . Besides, this effect is only limited to the transition. 1.6 shows

that the expected value of status and wealth converges to its steady-state value of unity

and is not affected by any factor. See Figure 1 for the dynamics of μs,t .

The steady-state value of the variance of status σ2∗
s and the transition process depend on

three parameters; the average saving rate μλ , the dispersion in saving preferences σ2
λ , and

the capital elasticity α .

Figure 2 illustrates how changes in the expected values of the parameters governing be-

quest or status-seeking motives affect the dynamics of σ2
s,t . Both a higher μβ and a higher

μγ cause an increase in the average saving rate μλ , and this creates two types of effects

on the steady-state value of the variance and the transition process. The first is a level

effect, a smaller steady-state variance of status and wealth. The second is a growth effect,

implying that the variance of status and wealth grows at a slower pace over time.

Both a higher σ2
β and a higher σ2

γ cause an increase in the dispersion of the saving rate

among the society, and this creates level and growth effects on the steady-state variance

and the transition process as well. The level effect results in a larger steady-state variance

of status and wealth. The growth effect implies that the variance of status and wealth

grows at a faster pace over time. See Figure 3 for the effects of the dispersion of status

and bequest preferences among the society on the dynamics of σ2
s,t .

Finally, a higher α indicate that the production technology is a relatively capital intensive

one, which creates two effects on the steady-state variance of status and the transition

process. The level effect generates a larger steady-state variance while the growth effect
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cause a slower transition to the steady-state; see Figure 4.

μs,t

μs,t+1
μs,t = μs,t+1

μs,t+1

μ∗s = 1

Figure 1: μs,t Dynamics
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λ
)
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(
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Figure 2: σ2
s,t Dynamics for μ0

λ and μ1
λ Where μ0

λ < μ1
λ

Note: Given μ0
λ < μ1

λ , a change from μ0
λ to μ1

λ , i.e., an increase in either one of the average

bequest or status-seeking motives, causes a level effect that results in a smaller variance of

status at t+1 and a growth effect that makes the variance grow slower over time. The ultimate

outcome of a change from μ0
λ to μ1

λ is a slower convergence to a smaller steady-state variance

of status.

A final remark of this section is on the shape of the detrended wealth distribution. Under

certain general conditions, the cross-section distribution of si,t converges to a Power Law

distribution. More specifically, let f (λ ) be the density of saving rates, let αλi/μλ be
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Figure 3: σ2
s,t Dynamics for σ2

λ and σ2′
λ Where σ2

λ < σ2′
λ

Note: Given σ2
λ < σ2′

λ , a change from σ2
λ to σ2′

λ , i.e., an increase in either one of the variances

of bequest or status-seeking motives, causes a level effect that results in a larger variance of

status at t+1 and a growth effect that makes the variance grow faster over time. The ultimate

outcome of a change from σ2
λ to σ2′

λ is a faster convergence to a larger steady-state variance

of status.
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Figure 4: σ2
s,t Dynamics for α0 and α1 Where α0 < α1

Note: Given α0 < α1, a change from α0 to α1, i.e., a shift to a more capital intensive pro-

duction technique, causes a level effect that results in a larger variance of status at t +1 and

a growth effect that makes the variance grow slower over time. The ultimate outcome of a

change from α0 to α1 is a slower convergence to a larger steady-state variance of status.

non-degenerate, and let there exist a Pareto exponent ξ satisfying

E

[(
αλi

μλ

)ξ
]
= 1, (1.37)
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then the counter-cumulative distribution of si,t is stationary with a Pareto tail with

Pr(si,t > s) = θs−ξ
i,t (1.38)

where θ > 0 is an arbitrary constant and (1.26) is a Kesten process. The proof and detailed

explanations of the conditions can be found in Gabaix (2009, p. 262) via referring to

Kesten (1973). Note once again that, from the definition of si,t , it can be treated as the

detrended wealth. Gabaix (2009, p. 262) and (1.37) jointly show that higher elasticity

of capital (greater α) and smaller mean of saving rate (smaller μλ ) decrease ξ which

generate fat-tailed Pareto distributions. A Pareto distribution has a fat tail in the sense that

relatively larger fractions of accumulated wealth are possessed by a smaller portion of the

society, i.e., the top wealth distribution is less egalitarian.

Recall that (1.26), the law of motion for si,t , and the gross growth rate of household i’s

status is obtained by

si,t+1

si,t
=

αλi

μλ
+

1−α
αsi,t

. (1.39)

Note that the household’s status growth (thus, wealth growth) is faster with a higher elas-

ticity of capital and slower with a higher average saving rate. A relatively high elasticity

of capital indicates that the wealth of households with relatively large asset stocks grow

faster than the average wealth growth. As a consequence, the relative share of households

with relatively large asset stocks in total wealth increases. In other words, a larger frac-

tion of aggregate wealth gets concentrated at the hands of fewer households. On the other

hand, the average wealth growth increases with a higher average saving rate, which, in

turn, decreases the relative wealth growth of households with larger assets. That is, the

average saving rate generates a more egalitarian wealth distribution and a thinner Pareto

tail.

1.5. DISCUSSION AND EXTENSIONS

The recognition of status-seeking as a motive that influences human behavior is not new.

The early writings of classical economists, e.g., Smith (1776), have long recognized the

non-pecuniary motives behind economic actions. What is new for the literature, how-

ever, is the wide recognition of status motives as influential factors on macroeconomic

outcomes. Weiss and Fershtman (1998) and Heffetz and Frank (2011) present some dis-

cussions and surveys of the theoretical and empirical studies on the economic implications
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of status-seeking motive.

The model of this chapter introduces status preferences to the individual utility function

where the relative wealth defines status. These preferences, in line with Atkinson’s (2015)

assertion, are heterogeneous. Allowing agents to give different weights to economic and

social incentives presents a deeper understanding of the distributional consequences of

individual actions. This chapter investigates the roles that heterogeneity and status pref-

erences play on the long-run economic growth, individual and social welfare, and the

wealth distribution.

Some basic results of the model show that (i) the wealth distribution and the balanced

growth rate are affected by the same factors (ii) stronger preferences for attaining higher

social-status through wealth accumulation increase the balanced growth rate but can have

adverse effects on welfare and (iii) the wealth distribution depends on heterogeneity in

preferences in the long run. The remaining part of this section discusses some possible

implications of these results.

1.5.1 Inequality and Growth

The inequality-growth nexus is a central topic of contemporary macroeconomics litera-

ture. The earlier works of Kaldor (1955, 1961) and Kuznets (1955) have focused on how

economic growth affects inequality, but more recent works study whether inequality influ-

ences economic growth. The model economy of this chapter shows that both the wealth

distribution and economic growth rate are affected by the same factors, namely those of

the capital elasticity of output α and the average saving rate μλ that depends on how

strong the bequest and status-seeking motives are.

First, higher values of α decrease the balanced growth rate and increase wealth inequal-

ity, indicating that more capital intensive technologies result in slower economic growth

with less egalitarian wealth distributions. As argued above, the negative effect on growth

stems from the way technological progress is introduced. Higher values of α imply lower

degrees of exploiting the production externalities.

Regarding the distributional effect of α , note that a higher value of α increases the ratio

of capital income to wage income given the status (or detrended wealth) si,t :

rai,t

wt
=

αai,t

(1−α)At
=

α
(1−α)

si,t , (1.40)

This implies that a higher α raises the lifetime income of households with larger as-
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set stocks, ultimately resulting in greater wealth inequality. The basic model studied

above shows that the wage income works as an equalizing force, allowing households

with smaller assets to catch up with their richer peers. Suppose that the distribution of de-

trended wealth is at its steady-state, and the production technology becomes more capital

intensive. This clearly increases the capital income and decreases wage income. Agents

with relatively higher asset stocks start earning more than the others relative to the initial

state of the economy. Therefore, their assets relative to the average increases while the

others’ relative wealth decreases. The economy, then, converges to another steady-state

where the detrended wealth distribution is less egalitarian. Furthermore, if the change in

α is sufficiently high that the coefficient of variation of λi violates (1.35), the economy

enters to a path where inequality continuously increases. Therefore, factor-eliminating

technical change as in Peretto and Seater (2013), which enhances the role of the relatively

reproducable factor (i.e., capital) at the expense of the relatively non-reproducable factor

(i.e., labor) would lead to a shift of balanced growth path from a stable detrended wealth

distribution to an unstable dynamic of an exploding variance.

The upper tail of the wealth distribution is also affected by α . Newman (2005) as cited

in Nirei and Aoki (2016) shows that, when wealth has a Pareto distribution at its upper

tail where the Pareto exponent satisfies ξ > 1, a fraction D
ξ−1

ξ of the total wealth is held

by the the population’s top D fraction. The factors that affect ξ , thus, directly affect the

wealth distribution and the Gini coefficient of wealth by determining the size of the wealth

possessed by the relatively rich minority. (1.37) shows that ξ , if it exists, is decreasing

in α and higher values of α generate fatter upper tails of the wealth distribution. This

indicates that higher levels of α are associated with higher Gini coefficients.

Second, stronger bequest and status-seeking motives on average increase the balanced

growth rate while decreasing wealth inequality. The bequest motive directly encourages

capital accumulation and its impact on growth is straightforward. Agents, though, con-

tinue to accumulate wealth for status even if their status is constant in the long run. The

intuition is as follows: If an agent withholds from accumulating wealth, it would lead to

the status deprivation of her offspring due to the higher accumulation rates of the other

agents. Every household, therefore, continues to accumulate for status concerns even if

their status does not change in the long run. With greater levels of aggregate capital in-

creasing the total output, the accumulation of wealth and the expansion of the stock of

capital being one-to-one related, and the status-seeking behavior promoting wealth accu-

mulation, status preferences foster economic growth.

The effects of bequest and status-seeking motives on the wealth distribution are twofold.
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First, given the dispersions of preference parameters around their respective means,

weaker bequest and status-seeking motives increase wealth inequality. (1.37) illustrates

this effect through the negative relationship between μλ and the Pareto coefficient ξ .

When μλ is low, the saving rates of those with stronger bequest and/or status-seeking mo-

tives are much higher relative to those with weaker motives. This implies that, the agents

with higher saving rates possess relatively larger fractions of the total wealth.

The second effect of bequest and status motives on the wealth distribution originates

from the presence of wage income wt . Wealth accumulation promotes labor productivity

growth, which, in turn, increases the wage rate. Households with relatively small asset

stocks have higher lifetime incomes with an increase in the wage rate. They would have

had lesser incomes if their sole income sources were their bequeathed wealth, i.e., capital

income. In other words, the wage income of each household increase with higher average

wealth in the economy from which the relatively poor benefit. Therefore, the presence

of a wage income generates a trickle-down mechanism from the rich to the poor as in

Aghion and Bolton (1997).

1.5.2 Human Capital and Inequality

According to Krusell and Smith (1998) and Mulder et al. (2009), persistent inequality is

the outcome of preference heterogeneity which affects the intergenerational wealth trans-

mission. The results of this chapter support their findings. The results of this chapter

show that the existence of a positive variance of the detrended wealth distribution stems

from preference heterogeneity, i.e., σ2
λ > 0. Yet, preference heterogeneity is not the only

source of inequality. Several works investigating the factors affecting inequality in the

long run have argued that preference heterogeneity alone cannot explain the observed

inequality. Hendricks’ (2007) analysis have demonstrated that preference heterogeneity,

although explaining some part of the observed wealth inequality, falls short in explaining

the largest wealth observations.

One particular source of persistent inequality that the literature supports is heterogeneity

in earning abilities. De Nardi (2004) and Cagetti and De Nardi (2006) have argued that

wealth distribution is affected by heterogeneities in both bequest motives and earning

abilities. An empirical work by Wolff and Zacharias (2007) utilizing the Forbes 400

data provide support to their findings. Wolff and Zacharias’ (2007) analysis separates

lifetime earnings into two components, those of the income from wealth and income from

other sources. They show that income from other sources is the primary reason of wealth

inequality.
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The model economy of this chapter can be extended with an ex ante earning ability het-

erogeneity to account for the findings of Cagetti and De Nardi (2006) and Wolff and

Zacharias (2007). Let hi be an i.i.d. variable that denotes the effective labor and is

perfectly inherited by children from their parents.10 The wage income of the generic

household would then become hiwt . Assume that hi has an expected value of 1, such that∫ 1
0 hidi = 1. Since the aggregate effective labor is also equal to 1, the market clearing con-

ditions and the solution to the firm’s problem are the same with those of the basic model.

The household’s problem, on the other hand, becomes

max
ai,t+1

(1−λi) ln(rtai,t +hiwt−ai,t+1)+λi ln(ai,t+1)− γi ln(At+1)

subject to ai,t+1 > 0.
(1.41)

The FOC for (1.41) is ai,t+1 = λi (rtai,t +hiwt), and substituting wt and rt gives

ai,t+1 = λiψ1−α [αai,t +(1−α)Athi] . (1.42)

Since λi, hi, and ai,t are distributed independently from each other, the aggregate (and the

average) asset stock at t +1 reads

At+1 = αμλ ψ1−αAt +(1−α)μλ ψ1−αAt

∫ 1

0
hidi = μλ ψ1−αAt . (1.43)

Note that At+1 is increasing in the average effective labor
∫ 1
0 hidi. Dividing ai,t+1 by At+1

returns

ai,t+1

At+1
≡ si,t+1 =

αλisi,t

μλ
+

(1−α)λihi

μλ
. (1.44)

The equation of motion for the expected value of si,t is the same as in (1.31), but the

equation of motion for the variance of si,t becomes

σ2
s,t+1 =

α2
(
σ2

λ +μ2
λ
)

σ2
s,t

μ2
λ

+υt (1.45)

and

υt ≡
(αμs,t +1−α)2 σ2

λ +(1−α)2 σ2
h

(
σ2

λ +μ2
λ
)

μ2
λ

(1.46)

10There can be other representations of human capital heterogeneity. Some other cases can be, e.g., an

i.i.d. hi,t that is redistributed at each t, or an hi,t+1 that is a function of hi,t and an i.i.d. learning ability ε .
For simplicity, this extension assumes an i.i.d. hi that is inherited by children from their parents. The rest is

left for future research.
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where σ2
h ≥ 0 denotes the variance of hi. Note that the equation of motion of si,t is the

same with that of the basic model for σ2
h = 0, i.e., without human capital heterogeneity.

Solving the steady-state variance of status from σ2
s,t+1 = σ2

s,t and substituting in the

steady-state value of status μ∗s = 1 returns σ2∗
s as in

σ2∗
s =

σ2
λ +(1−α)2 σ2

h

(
σ2

λ +μ2
λ
)

(1−α2)μ2
λ −α2σ2

λ
. (1.47)

Note that the results of the extended model is robust with those of the basic model since

the steady-state variances of si,t of both models are equal for σ2
h = 0. ∂σ2∗

s /∂σ2
h > 0

shows that human capital differences alone can cause persistent wealth inequality under

the extended model’s setup. The persistent effects of human capital heterogeneity is a

consequence of the permanent difference in earning abilities that it causes.

Another interpretation of hi can be made by following Hanushek andWoessmann’s (2008)

assessment. Hanushek and Woessmann (2008) argue that the cognitive skill differences

among individuals significantly affect the evolution of the wealth distribution. Assuming

that hi denotes the cognitive skill of agent i, (1.47) illustrates that the intergenerationally

transmitted differences in cognitive skills affect the steady-state variance of detrended

wealth.

1.5.3 The Easterlin Paradox

Easterlin’s (1974) seminal work have demonstrated the contradiction between the con-

ventional microeconomic theory assumption that one’s well-being is proportional to her

income at a given time, and the historical trends of average happiness and real income

per capita. Though the empirical observations and the economic theory imply a paradox,

they are meaningful if one assesses the impact of income on individual welfare in terms of

relatives rather than absolutes, i.e., relative income matters rather than absolute income.

Of course, a crucial assumption here is that utility and happiness are correlated and can

be used interchangeably in an analysis. A welfare analysis with a serendipitous utility

function would not provide much information otherwise. See Clark, Frijters, and Shields

(2008) for a comprehensive survey on the related literature.

Several works analogous to the findings of Easterlin have argued that economic growth

does not necessarily increase welfare when individuals are concerned about their rela-

tive positions in the society. For instance, Clark et al. (2008, Section 5) discuss that the
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presence of relative concerns generate a threshold rate of economic growth, above which

average welfare declines. The analysis of this chapter relates to that of Clark et al.’s (2008)

in that status preferences are a form of relative concerns. Agents who seek to attain sta-

tus care about their relative position in the society, which makes status-seeking a relative

concern as in Clark et al. (2008). The findings of Bilancini and D’Alessandro (2012) and

Heikkinen (2015) provide further support to the adverse effects of relative concerns on

individual welfare, despite fostering economic growth. They show that striving to attain

higher status reduces welfare despite increasing the total output.

The results of this chapter are in line with those of the literature in the sense that they

demonstrate the possible adverse effects of status-seeking behavior on individual wel-

fare. Even though the basic model does not allow an analytical solution for analyzing the

precise effects of preferences on social welfare, an inference can be made through inves-

tigating the case of the generic agent. Higher At increases an individual’s income, which

results in a corresponding increase in individual welfare through increased consumption

and bequest. On the other hand, the presence of status preferences generates a negative

externality that reduces individual welfare since a higher At , given her bequest, would

imply a deprivation of her offspring’s status. The net effect of higher economic growth on

individual welfare depends on the magnitude of the externality that status-seeking creates.

If the status preferences of an agent is sufficiently strong such that γi > γ̂i,t , the external-

ity outweighs the income effect of economic growth and the agent’s welfare decreases

with higher levels of aggregate wealth. The implication here is that if the economy con-

sists of agents with strong status preferences, higher rates of economic growth does not

necessarily increase social welfare.

1.5.4 Capital Income Taxation

There is substantial controversy on the appropriate way to tax capital income. The debate

on capital income taxation primarily focuses on the so-called equity-efficiency trade-off

in economics. Those in favor of not implementing taxes mostly utilize theoretical frame-

works to illustrate the distortive effects of taxing capital income on output growth. These

arguments resemble the well-known pie metaphor, i.e., what matters is the absolute size

of the slice of pie that each individual receives, not the relative size of their slices. On the

other hand, the presence of other factors such as intergenerational disagreements (Pavoni

& Yazıcı, 2016a), and self-control problems (Pavoni & Yazıcı, 2016b) induce incentives

for taxing capital income.

An extension of the basic model with a flat tax rate on capital income shows that capital
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income taxation does not necessarily "shrink the pie." Introduce a flat tax rate τ > 0

on capital income. Suppose that the government uses taxation solely for redistributive

purposes, and distributes the tax revenue Tt equally among all households. The generic

agent’s budget constraint then becomes

ci,t +ai,t+1 ≤ (1− τ)rtai,t +wt +Tt . (1.48)

As in the basic model, the consumption good is the numéraire. The relative prices wt and

rt are the same as their respective values in the basic model because both labor and asset

endowments are supplied inelastically. The government revenue and transfer Tt is equal

to

Tt ≡
∫ 1

0
τrtai,tdi = ταψ1−αAt . (1.49)

Solving the household’s problem for (1.48) returns ai,t+1 as in

ai,t+1 = λiψ1−α {α [1− τ]ai,t +[1−α (1− τ)]At} . (1.50)

The gross growth rate Gt in t +1 thus reads

At+1

At
≡
∫ 1
0 ai,t+1di

At
= μλ ψ1−α (1.51)

which is equal to the Gt from the basic model. Hence, the long-run economic growth rate

of the model economy is not distorted from taxing capital income when λi is indepen-

dently distributed from ai,t .

As for the welfare implications, agent i’s utility at t with capital income taxation reads

ui,t = φi + ln{α [1− τ]ai,t +[1−α (1− τ)]At}− γi ln(At) . (1.52)

After taking the derivative of ui,t from (1.52) with respect to At , the threshold level of γ̂i,t

above which an individual’s utility decreases with the aggregate wealth is

γ̂i,t =
1−α + τα

(1− τ)αsi,t +1−α + τα
, (1.53)

which is strictly greater than γ̂i,t from the basic model for τ > 0. A positive capital income

tax rate, therefore, offsets some of the adverse effects of the competition to achieve higher

status which will be discussed below.
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Dividing both sides of (1.50) by At+1 = μλ ψ1−αAt returns si,t as in

si,t+1 =
λi

μλ
α (1− τ)si,t +

λi

μλ
[1−α (1− τ)] . (1.54)

Taking the expected value and variance of si,t+1 returns

μs,t+1 = α (1− τ)si,t +(1−α (1− τ)) ,and (1.55)

σ2
s,t+1 =

α2 (1− τ)2
(
σ2

λ +μλ
)

σ2
s,t

μ2
λ

+
[α (1− τ)μs,t +1−α (1− τ)]2 σ2

λ
μ2

λ
. (1.56)

Finally, assuming that the coefficient of variation of saving rate λi is sufficiently small,

the steady-state variance σ2∗
s where σ2

s,t = σ2
s,t+1 is

σ2∗
s =

σ2
λ

μ2
λ −α2 (1− τ)2

(
μ2

λ +σ2
λ
) , (1.57)

which is strictly decreasing in τ .

There are several implications of the extended model on welfare and the wealth distribu-

tion. First, τ > 0 can increase welfare (by offsetting some part of the adverse effects of

status-seeking behavior) without harming economic growth. (1.25) and (1.53) show that

the threshold level of status-seeking motive γ̂i,t of the extended model (with a positive τ)
is strictly greater than that of the basic model’s. Given that the distribution of preferences

of the extended model are the same with those of the basic model, a smaller portion of

the society remains above the threshold level γ̂i,t . This means that a smaller portion of the

society gains disutility from higher levels of aggregate (and average) wealth stock.

Second, τ > 0 decreases the steady-state variance of the detrended wealth distribution.

Even when the coefficient of variance of the saving rate is too high, taxing capital income

can be used to prevent the variance of detrended wealth from exploding. τ > 0 can,

thereby, achieve a more equal wealth distribution without reducing the economic growth

rate.

The result that capital income taxation does not reduce economic growth rate is extremely

sensitive to the assumption that household preferences and asset stocks are independent

of each other. If this assumption were to be violated in such a way that agents tend

to save a relatively larger fraction of their income when they earn more, a positive τ∗

would have decreased the balanced growth rate. Yet, there can still exist a positive τ∗ that
does not harm economic growth when preferences and asset stocks are dependent to each
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other. Abel (2007), for example, shows that allowing investors to deduct capital expendi-

tures from taxable capital income prevents the distortive effects of taxation. Considering

Yunker’s (2014) and Fernholz’ (2017) findings that even small tax rates on the earnings

of the richest 1% can substantially reduce inequality, it is not unreasonable to assume

that achieving a more egalitarian wealth distribution without a reduction in the balanced

growth rate is possible by taxing capital income and redistributing the revenue.

A more equal wealth distribution, so far, have been argued to provide a more stable eco-

nomic environment which provides a relatively desirable environment for factor accumu-

lation. Numerous works, e.g., those of Persson and Tabellini (1992, 1994), Alesina and

Rodrik (1994), Alesina and Perotti (1996), and Perotti (1996), have underlined how the

social conflict and political instability that inequality causes adversely affects economic

growth and well-being. Aside from the sociopolitical channel, the degree of inequality

affects economic growth through the incentives for factor accumulation. Galor and Moav

(2004) show that greater equality fosters economic growth when human capital is the pri-

mary source affecting economic development. According to Galor and Moav (2004), the

benefits of an equal distribution outweigh its potential adverse effects on saving rates at

later stages of development. This extension shows that the saving rate, hence economic

growth, does not necessarily decrease with a redistributive tax on capital income, and an

economy can reap the benefits of a more equal distribution without bearing potential costs

of such taxation.

1.5.5 Two-Class Societies

There are no separate classes of agents in the basic model. The heterogeneity among the

households arises from their preference parameters and endowments. This, however, is

not the case historically. Veblen (1899) have argued that the societies were historically

characterized by two rigorously separated classes. The upper class was exempt from

putting effort into occupations (i.e., using their labor), while the lower class took active

roles in the production process. Veblen (1899) have defined the upper class as the leisure

class, a privileged elite who neither need nor intend to work. The question here, then,

is whether an extension of the model can be made to account for Veblen’s thought more

comprehensively with the inclusion of two distinct classes.

A simple extension is to redefine the households à la Mankiw (2015). Consider a popula-

tion characterized by two distinct classes such that;

• the leisure class endowed with only bequeathed asset, enjoying utility from con-
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sumption, bequest, and status, and

• the working class endowed with only labor, enjoying utility from consumption only.

Let the economy consist of a mass of agents from 0 to η > 1, where a unit mass of these

agents are the members of the leisure class indexed by i ∈ [0,1] and the remaining are the

working class. Assume that interclass transmission is not possible, i.e., the descendants

of an agent at t = 0 are the members of the same class with that of their ancestors for the

entire history.

With the consumption good being the numéraire, the budget constraint of a generic leisure

class agent becomes

ci,t +ai,t+1 ≤ (1− τ)rtai,t , (1.58)

and with (1.3) being her utility function, the leisure class agent’s problem is

max
ai,t+1

(1−λi) ln [(1− τ)rtai,t−ai,t+1]+λi ln(ai,t+1)− γi ln(At+1)

subject to ai,t+1 > 0.
(1.59)

Note that the government seeks to optimize social welfare by picking the tax rate on

capital income, τ ∈ [0,1]. The tax revenue to be distributed equally among workers (if

positive) is

Tt =
∫ 1

0
τrtai,tdi. (1.60)

Now, consider the working class indexed by ν ∈ (1,η ]. The representative worker enjoys

utility only from consumption by the given utility function

uν ,t = ln(cν ,t) (1.61)

and the budget constraint

cν ,t ≤ wt +
Tt

η−1
. (1.62)

Proposition 1.7 There exists a unique SGE and a unique DGE of the extended model

with

rt = αψ1−α (η−1)1−α ≡ r > 0, (1.63)



44

wt = (1−α)ψ1−α (η−1)−α At > 0, (1.64)

ai,t+1 = λi (1− τ)αψ1−α (η−1)1−α > 0,and (1.65)

ci,t = (1−λi)(1− τ)αψ1−α (η−1)1−α > 0 (1.66)

for any i ∈ [0,1].

Let λi ∈ [λmin,λmax] where λmin,λmax ∈ [0,1]. Assume that ψ is sufficiently large such that

neither household’s asset stock diminishes over time. Then, there exists a unique BGP of

the extended model with a gross balanced growth rate G∗ where

G∗ = μλ (1− τ)αψ1−α (η−1)1−α . (1.67)

Furthermore, with Gt ≡ G∗ for all t, the economy is on a unique BGP from t = 1 to

t →+∞.

Let the social welfare Ut be

Ut ≡
∫ 1

0
ui,tdi+

∫ η

1
uν ,tdν , (1.68)

which is the sum of the welfares of each leisure class and the working class agent, i.e.,

the social welfare function is a utilitarian one. The government’s problem here is to

maximize Ut by picking τ .

Proposition 1.8 Solving the government’s problem returns the welfare maximizing level

of capital income taxation as

τ∗ =

⎧⎨
⎩0 if η−1≤ (1−α)(1−μγ)

α ,

1− 1−μγ
η−μγ

otherwise.
(1.69)

The finding that a society may prefer a reduction in inequality at the expense of higher

economic growth is analogous to the main findings of Cordoba and Verdier (2008). They

show that individuals would give up from not all, but a large portion of their consumption

growth to avoid being in an unequal environment. The harmful effects of inequality can

even prevent a society from adopting growth-enhancing institutions since these institu-

tions can foster inequality. Some additional remarks in order.

First, τ∗ takes a positive value if either one of η − 1 or α is sufficiently high. Note that

η−1 is the size of the working class. (1.63) and (1.64) show that a larger working class
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increases rt while decreasing wt . In other words, the abundance of workers increases the

income gap between the leisure and working classes. If the size of the working class is

sufficiently high, taxing leisure class’ earnings and redistributing the revenue among the

workers can increase social welfare under strictly concave preferences.

Similarly, the relative income of the leisure class compared to workers increases with

the elasticity of capital, α . If α is relatively high, it promotes a positive τ∗ through the

extensive margin, i.e., reducing the threshold level of η−1.

Then, τ∗ takes a positive value if μγ is sufficiently high. Status preferences create an ad-

ditional incentive to accumulate and foster economic growth, thus have a positive income

effect on both the leisure and worker classes by increasing the interest and wage rates.

However, the relative wealth of each leisure class agent decrease with higher levels of

average wealth. The status deprivation that higher average wealth cause can in turn re-

duce the individual welfare of some leisure class agents. In societies with stronger status

preferences, τ∗ can reverse the adverse effects of status-seeking behavior by preventing

over-accumulation. Taxing capital income reduces the income of the leisure class, but

can enhance their welfare depending on the magnitude of the adverse effects of status-

seeking. On the other hand, redistributing the revenue among workers can increase their

welfare if the transfer that a representative worker receives is higher than the decrease in

her labor income (due to the decrease in wage rate), or vice versa.

1.6. CONCLUDING REMARKS

This chapter has embedded a status-seeking motive alongside a bequest motive to a basic

endogenous growth model à la Romer (1986) and analyzed its implications on economic

growth, welfare and wealth distribution. Strictly concave utility functions are assumed

to characterize individual preferences, where consumption, social status, and bequests

mattered. In parallel with Veblen’s (1899) idea, an agent’s asset stock relative to the

average wealth determines her social status. Individuals also have a joy-of-giving kind of

parental altruism.

The first result shows that the output growth is higher with stronger preferences for be-

quest and status. Under i.i.d. preferences, the sum of the average of both motives deter-

mines the saving rate of the economy. Both motives encourage households to accumu-

late wealth, which results in a higher balanced growth rate. However, the distribution of

wealth does not affect the balanced growth rate. In the model setup of this chapter, agents

save the same fraction of their income regardless of their relative position in the wealth
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distribution or how equal the distribution is. However, the factors affecting the wealth

distribution and the balanced growth rate are the same. The wealth distribution is more

equal and the balanced growth rate is higher with smaller elasticity of capital and higher

average saving rate.

Second, striving to attain higher social status via accumulating more generates a negative

externality on welfare. The externality causes a decrease in individual welfare due to

deprivation of status that a higher average wealth causes. When the status preference

is sufficiently strong, the externality can outweigh the positive income effect of wealth

accumulation. The presence of status preferences is welfare-enhancing for households

with relatively weak concerns for social status while being welfare-reducing for agents

with strong status-seeking motives.

An extension of the model by introducing two separate classes of agents, namely the

working and leisure classes, with within-group and between-group heterogeneities have

further welfare and fiscal policy implications. The extended model shows that increasing

social welfare is possible through redistributing the revenues from a flat tax on capital

income among workers. Even if such tax reduces the balanced growth rate, it can increase

total welfare under strictly concave utility functions, and is higher with a larger working

class. In addition, a positive capital income tax can eliminate some part of the negative

externality that status-seeking behavior generates. Thus, the optimum rate of tax is higher

in societies with stronger status preferences.

Third, the variance of social status (and detrended wealth) in a society converges to a pos-

itive constant if the dispersion of the saving rates around its expected value is sufficiently

small. The steady-state variance of detrended wealth, if it exists, is determined by the

elasticity of capital, the average saving rate, and the dispersion of the preference param-

eters. The steady-state variance is higher with higher elasticity of capital and dispersion

of preference parameters, and is lower with higher average saving rate. In addition, the

upper tail of the steady-state detrended wealth distribution have a Pareto distribution un-

der certain conditions. The Pareto distribution has fatter upper tails with greater elasticity

of capital and smaller average saving rate meaning that relatively small portions of the

society hold relatively larger fractions of the total wealth stock.

The basic model shows that heterogeneity in saving behavior results in persistent inequal-

ity. An extension of the model with human capital heterogeneity captures the effect of ex

ante earning ability differences on the detrended wealth distribution at the steady state.

Another extension with a flat capital income tax shows that under i.i.d. preferences, a re-

distributive tax on capital income is an efficient way to reduce persistent wealth inequality.
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That is, such a tax may generate a more equal distribution without hindering economic

growth.

This chapter has provided some explanations to the impacts of status preferences on eco-

nomic growth, welfare and the wealth distribution in the long run. Investigating the dy-

namics of each economic aggregates and how they are distributed is essential to determine

the sources of inequality. Considering the recent arguments in the literature on how eco-

nomic inequality contributed to the Great Recession, tackling inequality should be on

the agenda of policymakers in order to avoid another economic crisis. The model of this

chapter has provided insights on how the social dimension of decision-making process af-

fects the wealth distribution, alongside economic growth and welfare. Possible extensions

of the model with endogenous labor supply decisions, differences in earning abilities or

two-class societies with interclass transmission can be made to provide a deeper under-

standing on the dynamics of an economy where social motives have profound effects on

decision-making. These extensions are left for future research.
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CHAPTER 2

SOCIAL NORMS, FERTILITY, AND HUMAN CAPITAL
ACCUMULATION

“In general, the longer the habituation, the more unbroken the habit, and the more nearly

it coincides with previous habitual forms of the life process, the more persistently will

the given habit assert itself. The habit will be stronger if the particular traits of human

nature which its action involves, or the particular aptitudes that find exercise in it, are

traits or aptitudes that are already largely and profoundly concerned in the life process or

that are intimately bound up with the life history of the particular racial stock.”

Veblen, [1899] 1922, p. 107-108

2.1. INTRODUCTION

The unified growth literature has been a promising research program because unified

models provide a comprehensive understanding of the (very) long-run patterns of eco-

nomic growth and development and explain the underlying causes of both development

and underdevelopment. Specifically, unified growth models are useful to understand why

societies experienced several millennia of stagnation, why the first Industrial Revolution

occurred when it did and where it did, and why the developed societies of the present

times experienced their growth take-offs earlier than others.

The basic narrative of development that the UGT of Galor (2005, 2011) proposes is as fol-

lows: The growing population offsets the effects of gradual developments in technology

for a long period of Malthusian stagnation. Continuing productivity growth, however, lets

the returns to human capital accumulation to reach a threshold level at some date. House-

holds then start investing in human capital. They shift resources from quantity to quality

of their children, i.e., from fertility to human capital, and this explains the decrease in the
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number of children, i.e., a demographic transition begins. The economy then experiences

sustained economic growth.

The UGT emphasizes the central role that a fertility transition plays in the (very) long run.

Galor (2005, 2011) asserts that the fertility transition is a prerequisite for initiating a take-

off from a long period of stagnation to modern growth. The role of a voluntary decline in

fertility on economic development is two-fold: First, the historical fertility decline breaks

the Malthusian inverse relationship between living standards and the size of population

once and for all since increasing income is not allocated to increase family sizes. Second,

being accompanied by human capital investments, i.e., education and health investments,

the fertility decline accelerates the accumulation and intergenerational transmission of

knowledge, skills, and physical strength, that explain the gradual increases of long-run

growth rates along the transition to modern growth. The simultaneous increases in human

capital investments and the pace at which fertility declines, according to G. S. Becker

(1960, 1981), and Willis (1973), are the outcome of the child Q-Q trade-off, i.e., the

trade-off that parents face when deciding on the number of their children and the amount

of education they receive. The majority of the UGT literature is based on the notion

that “quality (education) seems like a close substitute for the quantity of the children”

(G. S. Becker, 1960, p. 217). When human capital investment is activated, the econ-

omy enters into a virtuous circle where fertility continues to decline until it reaches the

replacement level, and investment in human capital continues with perpetual growth.

2.1.1 Question and Motivation

This chapter seeks to answer how the presence of fertility habits in the form of social

norms affect the long-run path of an economy. In particular, the chapter investigates

(i) how social norms affect the child Q-Q trade-off, (ii) the role of social norms on an

economy’s development stages, and (iii) whether social norms are factors that can explain

the prolonged stagnation of contemporary underdeveloped economies.

Despite the fact that roughly 250 years have passed since the occurrence of the very first

Industrial Revolution, there are still many countries that that have yet to experience their

own. Considering the essential role of accumulated knowledge when an economy initiates

its take-off stage of development, and the technological diffusion through globalization

over the last decades (see, e.g., Grossman and Helpman (2015)) it is inevitable to inves-

tigate the factors that continue to leave today’s underdeveloped economies impoverished.

The large number of underdeveloped economies that still cannot initiate a take-off despite

relatively suitable conditions compared to the pre-industrial periods of today’s developed
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economies is one source that motivates this chapter.

One crucial assumption largely sustained in the Q-Q trade-off and UGT literatures is that

the agents are isolated from the environment they live in and not affected by social factors

when they make reproductive decisions. This approach ignores the social dimension of

human reproductive behavior and disregards the potential impacts that social relations

and pressure can have on the decision-making processes. Veblen (1899) have argued

that people can base their decisions on a certain reference stock, i.e., the habit stock,

characterized by previous or current choices of the society. These habit stocks are more

effective in decisions that have relatively higher social values. According to Montgomery

and Casterline (1996), fertility is one of these decisions. In societies where there exist

strong social ties among agents, i.e., where social interactions are more common in an

agent’s daily life, the interdependence in decision-making processes is stronger.

Some studies in the literature on the social roots of reproductive behavior demonstrate that

fertility decisions are interdependent within a society.11 Other studies emphasize the role

that cultural heritage plays on fertility preferences and show that these preferences are

transmitted across generations.12 Particularly, Chabé-Ferret (2019) have illustrated that

cultural heritage plays a particular role on fertility decisions, and the effect is partially

reflected through religious beliefs. Given the crucial role of the child Q-Q trade-off on

development, it is essential to address the forces that influence decisions on fertility and

education as accurately as possible. The lack of precision of the isolated agent models on

reproductive behavior, especially for societies where non-economic phenomena are more

dominant, hinders the explanatory power of unified growth models.

2.1.2 Approach and Results

The recent studies of de la Croix and Perrin (2018) on the 19th century France and de la

Croix and Delavallade (2018) on contemporary South-East Asia show that the social di-

mension of decision-making have had, and still has, a crucial role on shaping fertility

preferences. In line with de la Croix and Perrin’s (2018) assertion that social norms have

significantly shaped the demographic transition of France, Prettner and Strulik (2017) ar-

gue that today’s underdeveloped societies suffer from the religious (or cultural) norms

that contribute to the persistence of high fertility and prevent the activation of the child

Q-Q trade-off. This, in turn, leads to a situation in which countries where social norms

have profound effects on decision-making are stuck in a low-growth equilibrium, with

11See Bernardi and Klärner (2014) for a survey.
12See Fernández and Fogli (2009) and T. E. Murphy (2015) for surveys.
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high fertility and low education. Considering the fact that the UGT’s primary goal is to

explain the gradual transmission from prolonged stagnation to growth, the theory can be

extended in a way that accounts for the influence of social norms on decision-making

processes.

In order to capture the social aspect of reproductive behavior, this chapter constructs a

discrete-time, representative agent, OLG model where social norms influence fertility.

The model introduces a habit constraint on fertility that represents existing social norms

that each generation faces. The constraint determines the minimum number of children

that a generation is "allowed to" have and evolves over time with the decisions of each

generation. The results show that strict conservatism in the form of complete obedience

to social norms results in multiple equilibria (multiple separated steady-states). When the

initial state of the model economy is historically correct, i.e., when the economy starts its

evolution from a point with high fertility and low population, the economy gets stuck in

a steady-state with stagnation or low economic growth. In both of these equilibria, social

norms are binding in the long run.

Departing from the notion that religious norms influence fertility, this chapter extends the

basic model with the process of secularization as well. For simplicity, secularization is

introduced through a single structural parameter that reduces the social significance of

religion on individuals’ reproductive behavior. More specifically, secularization implies

that individuals question the existing social norm on fertility and, hence, do not strictly

obey the minimum fertility constraint. This extension enables the economy to converge

to the high-growth asymptotic equilibrium where (i) social norms are not binding, and (ii)

the population is stabilized at finite time. The degree of secularization and the historical

persistence of social norms do not affect the asymptotic equilibrium but influence the

transition process.

2.1.3 Outline

The outline of the chapter is as follows: Section 2.2 presents a discussion on related lit-

eratures and emphasizes the contributions of this chapter to these literatures. Sections 2.3

and 2.4 construct and solve the basic model, respectively, and 2.5 analyzes the steady-state

growth rates. Section 2.6 introduces an extension of the basic model with secularization

and analyzes the implications of this extension. Section 2.7 discusses the results of both

the basic and extended models, and Section 2.8 concludes the chapter.
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2.2. RELATED LITERATURE AND CONTRIBUTIONS

This chapter is related to the literatures on fertility choice, demographic transition, and

the UGT. These literatures generally presume that people take reproductive decisions in-

dependent of social factors. This chapter challenges the individualistic approach to re-

productive decision-making by introducing a social dimension, i.e., social norms. The

inclusion of social norms to economic theory, as discussed by Burke and Young (2011),

enriches theoretical predications that can be empirically tested.

The conventional theory assumes that rational agents are isolated from their social envi-

ronment and make decisions solely on an economic basis. In contrast, a small body of

theoretical literature argues that reproductive behavior of individuals do not depend only

on economic factors as there are other social, cultural, or institutional forces influenc-

ing fertility (Mason, 1997). The works of Montgomery and Casterline (1996), Manski

and Mayshar (2003), and Bernardi and Klärner (2014) discuss the non-negligible social

dimension of fertility decisions and how its influence increases with the density of so-

cial relations, e.g., more market activity or increased social learning. Their discussions,

to some extent, are based on the conflicting ideas of homo economicus and homo so-

ciologicus and how private and social incentives jointly affect fertility. Moulasha and

Rao (1999), Agadjanian (2001), Kohler, Behrman, and Watkins (2001), Iyer (2003), and

Yeatman and Trinitapoli (2008) for underdeveloped or developing societies, and Bernardi

(2003), Bernardi, Keim, and Von der Lippe (2007), and Hensvik and Nilsson (2010) for

Western societies, provide evidence on how social interactions and culture affect fertility.

The social influences on fertility are not only limited with the effects of social networks

since legal institutions can also constrain fertility decisions. As Goldin and Katz (2002)

discuss, the legal constraints on birth control significantly influence fertility, and the ef-

fects are stronger for younger adults. The goal of this chapter is to address the social

influences on reproductive behavior through a theoretical framework and to show that an

individualist rational-choice theory may really not be adequate to explain fertility choices,

especially when social incentives are stronger.

This chapter, however, is not the first to form a theoretical model on social interactions and

fertility. Akerlof (1997), Durlauf and Walker (2001), Kohler (2001), Bhattacharya and

Chakraborty (2012), González-Bailón and Murphy (2013), and Spolaore and Wacziarg

(2016) have formed micro-founded models where fertility is determined under social in-

fluences or interactions. This chapter contributes to this line of inquiry by introducing a

model which captures the effects of social and economic incentives on fertility decisions.

In order to do so, it induces a social norm constraint as in Montgomery and Casterline
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(1996), which may or may not bind fertility in equilibrium.

The social influences on fertility are not only limited with the impact of socioeconomic

factors, and a large literature studies the impacts of cultural heritage and religious norms

and beliefs on reproduction. The early studies on the cultural transmission of fertility

date back to Pearson, Lee, and Bramley-Moore’s (1899) work that relates parents and

their offspring’s fertility choices. Later contributions, namely those of Leibenstein (1981),

Hull (1983) Caldwell and Caldwell (1987), Caldwell, Orubuloye, and Caldwell (1992),

and Bongaarts and Watkins (1996), have presented evidence that the cultural environment

creates habit formation on fertility, especially in more traditional societies. These habits

are intergenerationally transmitted.13 In line with this literature, this chapter allows for

historical persistence on fertility habits.

The chapter uses the typical formulation of the habit formation literature with endogenous

growth, e.g., of Carroll, Overland, and Weil (1997, 2000), Fuhrer (2000), de la Croix

(2001), Alvarez-Cuadrado et al. (2004), Ikefuji (2008), Gómez (2010), and de la Croix

and Gosseries (2012). The model of this chapter adopts its basic features from de la

Croix and Gosseries (2012) except the habit stock. The habit stock introduced is related

to the consumption aspirations in de la Croix and Michel (1999) and de la Croix (2001).

Specifically, the habit stock imposes a lower bound to the choice of each generation and

evolves over time depending on the previous generation’s decisions and the historical

levels of the habit stock.

The literature on the impact of religious beliefs and norms is large enough to be addressed

separately from that of the social norms. Janssen and Hauser (1981), Williams and Zim-

mer (1990), Adsera (2006), and Frejka and Westoff (2008) for Western societies, and

G. W. Jones, Douglas, Caldwell, and D’Souza (1998), Munshi and Myaux (2006), Heaton

(2011), and Gyimah, Adjei, and Takyi (2012) for underdeveloped economies show that

religiosity positively affects fertility. The contribution of this chapter on fertility-religion

nexus is through underlining the role of secularization. Analogous to the positive relation-

ship between fertility and religiosity, Lesthaeghe (1977), van Poppel (1985), Lesthaeghe

and Wilson (1986), Hacker (1999), van Bavel and Kok (2005), and Derosas and van Pop-

pel (2006) have shown how secularization caused a fertility decline in Western societies.

Baudin (2015), T. E. Murphy (2015), Spolaore and Wacziarg (2016), and de la Croix and

Perrin (2018) have provided further evidence on how the initiation and diffusion of sec-

ularization affected the fertility of Western Europe from the 19th century onward. The

analysis of this chapter stresses the role of secularization by showing that (i) strict or high

13See, e.g., Blau (1991), Gjerde and McCants (1995), Fernández and Fogli (2006, 2009) for empirical

works on immigrants.
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degrees of conservatism results in sustained high fertility and (ii) secularization is essen-

tial for a stabilized population size. The analysis of this chapter interprets secularization

as the declining significance of religious norms in social life as in Strulik (2016).

A major contribution of this chapter is on the discussions related to the fertility decisions

and demographic transition. One strand of the literature on fertility decisions, building on

the works of Boldrin and Jones (2002) and Boldrin, De Nardi, and Jones (2005), asserts

that parents see children as "investment goods" for old age. The models in this literature

put the parents’ utility as an argument in the utility function of the children, which, in

turn, encourage parents base their fertility decisions on old age transfers. Consequently,

this literature argues that the demographic transitions of today’s developed economies

followed increases in government-provided old-age pensions.

This chapter contributes to another strand of the literature on fertility decisions; the child

Q-Q trade-off literature. The negative relation between fertility and education is well

known and has been discussed by some seminal works such as those of G. S. Becker

(1960, 1981), Willis (1973), Barro and Becker (1989), and K. M. Murphy, Simon, and

Tamura (2008). A large body of literature, including but not limited to G. S. Becker

et al. (1990), Azariadis and Drazen (1993), Kremer (1993), Galor and Weil (1996), and

Tamura (1996), has underlined the role that the child Q-Q trade-off plays for development

and growth. This chapter attempts to build a complementary explanation and narrative to

the child Q-Q trade-off. The model formed here shows that social incentives, if they are

strong enough, may prevent such a trade-off even if economic incentives favor otherwise.

This result has important implications, especially for today’s underdeveloped countries

where high fertility and low education persist. The standard child Q-Q trade-off theory

argues that high fertility with low education rates is an outcome of rational decision-

making and low returns to education. This chapter, however, shows that social norms

can prevent education investments in the case that education would have yielded high

enough returns if social norms were not present. This result is particularly important for

analyses of cross-country variations in education and labor quality.14 Though it does not

suggest that social norms per se can explain all the variations in human capital, that social

norms force agents to allocate a significant part of their income on childbearing can have

profound effects on human capital accumulation.

Consequently, an alternative approach to the child Q-Q trade-off has natural implications

on and contributions to the development and unified growth literatures. Several poverty

trap models have sought to explain the mechanisms that keep an economy trapped in

14See, e.g., Bils and Klenow (2000), Hendricks (2010, 2016), Córdoba and Ripoll (2013), and Manuelli

and Seshadri (2014) for some notable empirical works.
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a stagnation equilibrium; K. M. Murphy et al. (1989) on industrial demand spillovers,

G. S. Becker et al. (1990) on the child Q-Q trade-off, Azariadis and Drazen (1990) on

human capital externalities, and Matsuyama (1991) on increasing returns in manufac-

turing industry. This chapter provides a model where the presence of social norms cre-

ates multiple-equilibria where strict conservatism can result in prolonged stagnation. The

poverty trap models, however, do not explore the mechanisms that explain the endogenous

transition from Malthusian stagnation to perpetual growth. Some later contributions, e.g.,

Tamura (1996) on the role of increasing returns to human capital investment, Arifovic

et al. (1997) on the role of adaptive learning, and Acemoglu and Zilibotti (1997) on the

role of financial institutions that allow for risk diversification, have focused on the tran-

sition dynamics. However, these works have not addressed the endogenous occurrence

of the demographic transition. This chapter contributes to this line of thought through

underlining the role of secularization on the transition from stagnation to growth.

The unified growth literature, so far, has proposed models focusing on different factors;

Galor and Weil (2000), C. I. Jones (2001), Galor and Moav (2002), and Galor (2005,

2011) on human capital, Kögel and Prskawetz (2001), Hansen and Prescott (2002), and

Strulik and Weisdorf (2008) on productivity growth in agriculture and industry, Kalemli-

Özcan (2002), Lagerlöf (2003), andWeisdorf (2004) on mortality, Doepke (2004) on child

labor, Tamura (2002) on coordination costs, Connolly and Peretto (2003), Strulik, Pret-

tner, and Prskawetz (2013), and Attar (2015) on R&D expenditures, and Strulik (2017)

on the use of contraceptives. That a take-off from stagnation is inevitable through a fertil-

ity transition and resource mobilization is the common point of all these models. On the

contrary, this chapter shows that once fertility habits are introduced into a unified growth

framework and if the model economy’s initial state is historically accurate, a fertility tran-

sition only occurs in the presence of secularization. Furthermore, the model shows that

how secular a society is determines the duration of the stagnation period.

The analyses on traditions, religious norms, secularization, and development in this chap-

ter are closely related to a few other studies, namely those of Strulik’s (2016) and Prettner

and Strulik’s (2017). Strulik (2016) underlines the role that secularization has played for

the sustained growth of contemporary developed economies. This chapter defines secular-

ization similar to Strulik’s (2016) definition, i.e., the diminishing role of religious norms in

social life. However, this chapter differs from Strulik (2016) by defining the channels by

which secularization affects the decision-making processes and economic development.

Strulik (2016) argues that secularized individuals derive more pleasure from consumption

and have further incentives to earn more and accumulate. Higher income levels make

secular identity more appealing to following generations, generating a virtuous cycle be-
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tween secularization and economic development. This chapter neither assumes a bicausal

relationship between a secular identity and income nor relates secularization with con-

sumption. It shows that when religious norms favor higher fertility, their strong influence

on social life, i.e., via social norms, can constrain resource allocation and prevent de-

velopment unless they are abandoned, e.g., through secularization. The approach of this

model to social norms is similar to that of Prettner and Strulik’s (2017). Prettner and

Strulik (2017) associate social norms—or religious norms—with fertility through contra-

ceptive usage and find multiple equilibria with either high fertility with stagnation or low

fertility and economic growth. In their context, societies with norms that prevent contra-

ceptive usage tend to get stuck to the low growth equilibrium and can only escape with

the collective efforts of individuals. The results of both models (the model of this chap-

ter and Prettner and Strulik’s (2017)) are analogous, but this chapter, unlike Prettner and

Strulik (2017), investigates the direct influence of social norms on fertility through a habit

constraint. Moreover, this chapter offers an extension with secularization that allows the

economy to converge to an asymptotic equilibrium where growth is perpetual and social

norms are no longer binding.

2.3. THE MODEL ECONOMY

This section introduces the model environment (demographics, endowments, preferences,

and technologies), market structures, and decision problems.

The model time t is discrete and has an infinite horizon. The economy is closed and pro-

duces a single consumption good using raw labor and skills. The average skill endowment

of population is represented by human capital, i.e., a stock variable that expands through

education investments.

There exist two overlapping generations in the model, adults and children. Fertility is

chosen optimally by adults. Time is an input in reproduction.

The basic model consists of three endogenous state variables that evolve in time. These

variables at t are

• the measure Nt of the adult population,

• the stock ht of the human capital of adults, and

• the habit stock xt of fertility that represents the social norms on reproductive behav-

ior.

The values of these three variables at each subsequent period are determined through the
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choices of adults in period t; see Figure 5.

2.3.1 The Demographic Structure

Reproduction is asexual and completed at the beginning of each period. Both fertility

and population are assumed to be real numbers for simplicity. In childhood, agents are

passive; they have no resources and take no decisions. In adulthood, they reproduce, they

work, and they take a decision towards the education of their children.

t−1

birth and

beginning of childhood

t

end of childhood and

beginning of adulthood

Nt
xt
ht

t +1

end of adulthood and

death

Nt+1

xt+1

ht+1

Figure 5: The Lifespan of Generation t and the Evolution of the State Variables
Note: Adult population of generation t is born at t−1. They live their childhood from t−1

to t. Their adulthood begins at t. Adults at t take Nt , xt , and ht as given at the beginning of

t. Their decisions on fertility and the education of their children shape the state variables for

the next period, i.e., at t +1.

Let nt ∈ R++ denote the level of net fertility chosen by adults at the beginning of period

t. Since adult individuals are identical, nt represents the average fertility of generation t.

The initial adult population N0 > 0 is exogenously given and Nt’s law of motion is simply

Nt+1 = ntNt . (2.1)
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2.3.2 Endowments

The duration of each period is normalized to unity. Adults have one unit of time and their

human capital endowments. They allocate their time endowment to labor supply łt and

childbearing ζt .

At t, the human capital endowment of each adult is denoted by ht and is determined by

the education investment et−1 of their parents in the previous period. The human capital

endowment h0 of initial adults is exogenously given and normalized to unity.

2.3.3 Preferences

Adults derive their (lifetime) utility from their consumption (ct), the number of their chil-

dren (nt), and the quality of their children (ht+1). The utility function that represents these

preferences is homothetic and strictly concave as in de la Croix and Gosseries (2012) but

leisure is excluded since the present analysis does not focus on the labor-leisure choice.

The utility function reads

U (ct ,nt ,ht+1) = ln(ct)+ γ ln(ntht+1) , (2.2)

where γ > 0 represents parental altruism. Parents gain utility from both the number, i.e.,

quantity, and the future consumption prospects, i.e., quality, of their children. The latter is

known as the joy-of-giving property of preferences, i.e., impure altruism as in Andreoni

(1989). Unlike the case in dynastic altruism, the parent’s utility function does not contain

their children’s utility as an argument.

The model follows Montgomery and Casterline (1996) and introduces social norms on

reproductive behavior. Similar to the consumption aspirations of de la Croix and Michel

(1999) and de la Croix (2001), an agent must choose a level of fertility nt under the

restriction that it has a lower bound which represents the habit stock (xt) of fertility, i.e.,

nt ≥ xt . (2.3)

A regularity assumption dictates that both nt and xt remain lower than the maximum

fecundity of an agent (x̄), i.e., the maximum number of children she can biologically

have. Let nt ,xt < x̄ denote the fecundity constraint.

As in the case of continuous time models of Carroll et al. (1997, 2000), Alvarez-Cuadrado

et al. (2004), Gurdgiev (2005), Ikefuji (2008), and Gómez (2010), and the discrete-time
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models of Abel (1990), Fuhrer (2000), and Diaz, Pijoan-Mas, and Rios-Rull (2003), the

habit stock of the next period xt+1 is the weighted average of xt and nt as in

xt+1 = ψxt +(1−ψ)nt , (2.4)

where ψ ∈ (0,1) is a fixed parameter that governs the role of historical persistence. Higher

values of ψ reflect stronger degrees of influence of the past on the present.

2.3.4 Technologies

This subsection introduces the technologies within the model. These technologies are

those of production, reproduction, and human capital formation.

2.3.4.1 Production Technology

The production technology is linear in raw labor augmented with human capital where

labor suppliers are identical households. The total production of a firm j in the economy

at t satisfies

y j,t = � j,tht . (2.5)

2.3.4.2 Reproduction Technology

Adult individuals need to spend ζt amount of nursing time for each children where we

have

ζt =

⎧⎨
⎩θNα

t i f Nt < N̄,

ζ̄ otherwise.
(2.6)

Here, N̄ is some sufficiently large population size such that ζt converges to ζ̄ if the popu-

lation size exceeds N̄.15

Childbearing cost, as in de la Croix and Gosseries (2012), is a function of the population

size relative to the land. Land is fixed and implicitly taken into account through θ > 0.16

15Assume that, even if xt = x̄ and ζt = ζ̄ , i.e., the society dictates the maximum possible nursing time

from the domains of ζt and xt , ζ̄ x̄ < 1 so that the agents can still allocate time to labor supply. This is a

trivial requirement for the existence of a SGE for all (ζt ,xt) pairs.
16The available land is accessible for all agents, i.e., there are no property rights on land.
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The introduction of land per capita to the childbearing cost catches the additional costs of

having smaller dwelling areas in child making process.17 The curvature parameter α ∈
(0,1) reflects the importance of population density on childbearing cost. ζt is increasing

and concave in Nt , with ζ̄ < 1 being its upper bound. It is plausible to assume that, after

the population size reaches a certain level, the nursing time required to spend on a single

child does not change and remains constant for the higher levels of Nt .

2.3.4.3 Human Capital Formation

There are internal and external sources of human capital formation. Children get their

internal education through living with their parents and acquiring their skills (ht). They

are also educated through formal schooling where et denotes the education expenditure

for each child. Accordingly, ht+1 depends on ht and et and satisfies

ht+1 = τ (et +σ)η h1−η
t , (2.7)

with

σ =

(
1

τ

) 1
η
.

The parameter η ∈ (0,1) denotes the weight of the education expenditure on human cap-

ital formation. Larger values of η imply greater returns to education. The scaling param-

eter τ > 0 is large enough to sustain long-run economic growth through human capital

accumulation.18

The parameter σ > 0 is a modified version of the initial productive skill endowment of

children in G. S. Becker et al. (1990) and the informal education constant of Strulik et

al. (2013). Specifically, it represents the implicit learning that children unintentionally

acquire from their parents even if they do not receive formal education. The functioning

of σ is to generate initial periods of stagnation with et = 0 where the human capital stock

remains fixed. That is, when initial adults choose not to invest in human capital, i.e., e0 =

0, the human capital stock in the next period is the same with that of the initial period, i.e.,

17See the early works of Goodsell (1937) and Thompson (1938) for the linkage between dwelling areas

and childbearing costs.
18Specifically, the model economy requires

τ >

(
1+ γ
γη

)η

to converge to an equilibrium where et > 0.
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h0 = h1 = 1. The parental decision to invest only on the quantity of children is consistent

with the "Malthusian epoch", i.e., relatively insignificant technological progress over a

long period, as in Galor (2011). Therefore, by allowing agents to choose either zero or

positive levels of education expenditure depending on the state vector, the model is able

to capture an economy’s long periods of stagnation and its transition to sustained growth.

The latter is the main feature of unified growth models.

2.3.5 Market Structures

There are identical workers and firms.

Workers supply their work hours for firms and purchase the consumption good. They can

either consume the good for their own satisfaction, ct , or allocate it for the education of

their children, etnt .

There exists a unit mass of identical firms. There is only one type of consumption good

in the economy, and each firm produces this good by employing effective labor � j,tht .

Both labor and goods markets are perfectly competitive. The consumption good is the

numéraire. Firms demand labor hours supplied by workers at wage wt .

2.3.6 Decision Problems

This subsection demonstrates the optimization problems in the model economy. These

problems are those of the representative firm’s and the representative agent’s.

2.3.6.1 The Firm’s Problem

The representative firm j chooses the amount of labor to employ (� j,t) to maximize the

profit defined as in

Π j,t = y j,t−wt� j,t . (2.8)

Substituting (2.5) in (2.8), the firm’s problem reduces into

max
� j,t

Π j,t = � j,tht−wt� j,t (2.9)
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and its interior solution necessitates the unique equilibrium condition of

ht = wt . (2.10)

2.3.6.2 The Worker’s Problem

Given (2.5), (2.6), and (2.10), the representative worker maximizes (2.2) subject to the

habit constraint (2.3), the budget constraint

ct +ntet = ltht , (2.11)

and the time constraint

lt +ζtnt = 1. (2.12)

Equivalently, after substituting (2.11) and (2.12) in (2.2), the worker’s problem reduces

into

max
nt ,et

ln [(1−ζtnt)ht−ntet ]+ γ ln(nt)+ γη ln(et +σ)+ρt

subject to xt ≤ nt

(2.13)

where

ρt = γ ln(τ)+ γ (1−η) ln(ht)

is exogenously given.

2.3.7 Market Clearing Conditions

The following equations define the market clearing conditions for the goods and labor

markets. For each market, the left-hand and right-hand sides denote the quantities supplies

and demanded, respectively.

The goods market clearing condition is

∫ 1

0
y j,td j = Nt (ct + etnt) (2.14)
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and the labor market clears via

Ntlt =
∫ 1

0
� j,td j. (2.15)

2.4. EQUILIBRIUM

This section has two parts. The first part defines the static equilibrium of the model. Then,

it follows with the definition of the dynamic equilibrium.

2.4.1 Static General Equilibrium

Definition 2.1 A SGE for t ∈ {0,1, ...} is a collection

{
ct , lt ,nt ,et ,yt , � j,t ,y j,t

}

of quantities and a relative price wt of labor such that, given the state vector zt ≡
(ζt ,xt ,ht),

• (ct , lt ,nt ,et) solves the worker’s problem (2.13),

• � j,t solves the firm’s problem (2.9),

• the goods market clears via (2.14),19 and

• (2.3), (2.5), (2.10), (2.11), and (2.12) are satisfied.

Proposition 2.1 A unique SGE of the model exists with nt ≥ xt , et ≥ 0 and � j,t > 0. De-

pending on the state vector zt , the SGE features either

• Regime 1: nt = xt and et = 0,

• Regime 2: nt > xt and et = 0,

• Regime 3: nt = xt and et > 0, or

• Regime 4: nt > xt and et > 0.

Proposition 2.1 shows that, for any given ht , the regime that the model economy operates

in depends on the position of ζtxt with respect to several threshold levels. That is, the key

variable of the model is the amount of necessary nursing time in the case of binding social

19The labor market clearing condition (2.15) is satisfied via Walras’ Law.
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norms. The threshold levels for ζtxt are defined as

Γ≡ γ
1+ γ

,

Ξt ≡ σxt

ηht
,

Θt ≡ 1− σxt

γηht
,

Φt ≡ γ (1−η)

1+ γ
+

σxt

ht
.

(2.16)

Corollary 2.1 Education and fertility decisions depend on the threshold levels of ζtxt

such that

et = e(zt) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

0 i f ζtxt ≥Θt and ζtxt ≥ Γ,

0 i f ζtxt ≤ Ξt and ζtxt < Γ,
γη(1−ζt xt)ht
(1+γη)xt

− σ
1+γη i f ζtxt < Θt and ζtxt ≥Φt ,

ηζ ht−σ
1−η i f ζtxt > Ξt and ζtxt < Φt ,

(2.17)

and

nt = n(zt) =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

xt i f ζtxt ≥Θt and ζtxt ≥ Γ,
γ

(1+γ)ζt
i f ζtxt ≤ Ξt and ζtxt < Γ,

xt i f ζtxt < Θt and ζtxt ≥Φt ,

γ(1−η)ht
(1+γ)(ζt ht−σ)

i f ζtxt > Ξt and ζtxt < Φt .

(2.18)

Corollary 2.1 directly follows from the proof of Proposition 2.1. Since ζtxt is the amount

of necessary nursing time if the social norms on fertility are binding, it is related with

the concept of "potential income" in Galor and Weil (2000). Here, ζtxt determines the

potential time that agents can allocate to labor supply. The conditions for each regime

defined in Proposition 2.1 are summarized in Table 1.

The conditions are rather complicated because both et and nt are endogenous and depend

on separate threshold levels of ζtxt . Investigating these regimes through the benchmark

cases where social norms are binding and non-binding is helpful to understand the logic

of each regime.
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Table 1: SGE Regimes

Regime Conditions Education Fertility

1 ζtxt ≥Θt and ζtxt ≥ Γ et = 0 nt = xt

2 ζtxt ≤ Ξt and ζtxt < Γ et = 0 nt > xt

3 ζtxt < Θt and ζtxt ≥Φt et > 0 nt = xt

4 ζtxt > Ξt and ζtxt < Φt et > 0 nt > xt

2.4.1.1 Binding Social Norms

When the social norms are binding, i.e., nt = xt , the representative agent cannot substitute

between fertility and education. The level of ζtxt determines labor supply and income.

The only trade-off that the adult agent encounters is the one where she determines how to

spend her income, i.e., choosing between consumption and education expenditure.

The fact that children build some level of basic human capital even if they do not get

formal education implies that the marginal utility derived from education expenditure

does not go to infinity when education expenditure goes to zero. Therefore, whether

children receive formal education at optimum depends on how large the level of income

is. More specifically, the agent allocates ζtxt amount of her time to childbearing and the

remaining to labor supply. Since social norms determine the exact amount of time she can

allocate to labor supply through xt , the level of income is equal to (1− ζtxt)ht . Whether

this income level would allow for positive education expenditure at optimum depends on

ζtxt’s relative position to the threshold Θt . When ζtxt is below the threshold level, her

income is sufficiently large to promote human capital investment. That is, if ζtxt < Θt ,

i.e., if her labor supply is sufficiently high, she earns enough income to allow for spending

on education. On the contrary, if ζtxt ≥ Θt , i.e., her labor supply is sufficiently low, she

does not earn enough income to spend on education.

The level of human capital creates an income effect that allows for positive education

expenditure at optimum. The agent’s income increases with her human capital. The

threshold Θt becomes less stringent with higher levels of human capital, i.e., positive

education expenditure becomes optimum for relatively small labor supply levels.
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2.4.1.2 Non-Binding Social Norms

In the case that social norms are not binding, i.e., nt > xt , the agent faces the child Q-

Q trade-off. Unlike the case under binding social norms, the agent prefers to invest in

quantity over quality or vice versa. Now, the childbearing cost (i.e., the cost of having

children) determines the agent’s choices on the number and education of children.

Under non-binding social norms, if the unit childbearing cost in terms of nursing time,

denoted by ζt , is sufficiently low to imply ζtxt ≤ Ξt , investing in the quantity of children

at the expense of education yields higher utility to the parent.20 Parents choose not to

educate their children due to the low cost of childbearing, i.e., the "price" of having a

child being small. Likewise, the agent chooses to have fewer but educated children at the

expense of having more if the unit childbearing cost is sufficiently high, i.e., ζtxt > Ξt .

Since having children is too costly in this case, agents prefer to allocate their time more

on labor supply and invest in the education of their children.

An important note is on the relative positions of threshold levels of ζtxt and their values

for a large ht . Let x̃t denote a particular level of fertility habit stock defined as in

x̃t ≡ γηht

(1+ γ)σ
. (2.19)

Lemma 2.1 The relative positions of thresholds Γ, Ξt , Θt , and Φt change depending on

whether xt is smaller than x̃t or not. Specifically, we have

• xt < x̃t ⇔ Ξt < Φt < Γ < Θt , and

• xt > x̃t ⇔ Θt < Γ < Φt < Ξt .

x̃t is linear in ht and goes to infinity when ht goes to infinity. Since xt remains below the

maximum fecundity level x̄, xt always remains below x̃t when ht goes to infinity. Further-

more, when ht goes to infinity, the threshold levels Ξt and Θt converge to minimum and

maximum levels of their domains where

ht →+∞⇒ Ξt → 0 and Θt → 1

which implies that ζtxt always remain below Θt and above Ξt for ht →+∞.

Figure 6 pictures the configurations defined in Lemma 2.1. The conditions for Regimes

3 and 4 cannot be satisfied when xt is greater than x̃t , i.e., Regimes 3 and 4 do not exist

20Note that both ζt xt and the threshold Ξt are linear in xt . Therefore, when social norms are not binding,

the condition on whether to educate children or not does not depend on xt .
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for xt > x̃t . Lemma 2.1 also shows that when ht goes to infinity, x̃t also goes to infinity,

implying that xt remains below x̃t for the remaining history. Furthermore, the thresholds

Θt and Ξt converge to 1 and 0, respectively, when the level of human capital goes to

infinity, indicating that ζtxt cannot be above Θt or below Ξt . This suggests that Regimes

1 and 2 where education expenditure is zero do not exist for a sufficiently high level of

human capital. The basic reason why Regimes 1 and 2 vanish is that higher levels of

human capital generate higher levels of income given ζtxt .

0

Regime 2

Ξt

Regime 4

Φt Γ

Regime 3

Θt

Regime 1

1

xt < x̃t

0 Θt

Regime 2

Γ Φt Ξt

Regime 1

1

xt > x̃t

0

Regime 4

Φt Γ

Regime 3

1

ht →+∞

Figure 6: ζtxt Intervals for Regimes 1, 2, 3 and 4

2.4.2 Dynamic General Equilibrium

The definition of a DGE necessitates to specify the evolution of the state vector zt . The

laws of motion for xt and ht are (2.4) and (2.7), respectively. Deriving the law of motion

for ζt requires iterating (2.6) as in

ζt+1 =

⎧⎨
⎩θNα

t+1 i f Nt < N̄,

ζ̄ otherwise.
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Substituting Nt+1 with ntNt from (2.1), the law of motion for ζt is obtained as

ζt+1 =

⎧⎨
⎩θNα

t nα
t i f Ntnt < N̄,

ζ̄ otherwise.
(2.20)

Definition 2.2 Given the vector of initial values, z0 ∈ R
3
+, a DGE of the model economy

for the entire history is a sequence of SGEs satisfying (2.20), (2.4), and (2.7) together

with the sequences {ζt ,xt ,ht}+∞
t=1.

Proposition 2.2 A DGE exists and is unique.

2.5. RESULTS

This section has three parts. The first part shows the conditional dynamic systems under

which the model operates. The second part demonstrates the steady-states, and the last

part illustrates the economy’s transition path towards either steady state when its initial

state is historically accurate.

2.5.1 Conditional Dynamical Systems

This subsection shows the conditional dynamic systems under which the model operates

under each regime. The future values (ζt+1,xt+1,ht+1) of state variables depend on et

and nt that in turn depend on (ζt ,xt ,ht) in general; see Propositions 2.1 and 2.2. Thus,

a general conditional dynamical system of (ζt ,xt) conditional on ht determines the

behavior of the model for each time period as in, e.g., Galor and Weil (2000), Galor and

Moav (2002), and Attar (2015).

Lemma 2.2 There exists a conditional dynamical system of (ζt ,xt) satisfying

ζt+1

ζt
=

⎧⎨
⎩n(zt)

α i f Nt < N̄

ζ̄ otherwise
, and (2.21)

xt+1

xt
= ψ +(1−ψ)

n(zt)

xt
. (2.22)

Figures 7, 8, 9, and 10 capture the global dynamics of ζt and xt on (ζt ,xt) plane for each

regime.
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ζt

xt

ζ̄

x̄

Γ

Θt

ζ ζ1

Figure 7: (ζt ,xt) Dynamics in Regime 1
Note: This figure pictures (ζt ,xt) dynamics for Regime 1 given ht <+∞. The unshaded area

represent the ζt and xt pairs for which the economy operates in Regime 1. The threshold

levels of ζt xt irrelevant for Regime 1 are excluded.

Now, define the xx-locus using (2.22) for given ht as

xx = {(ζt ,xt) : xt+1 = xt} , (2.23)

which, as follows from (2.20), satisfies

xt+1 = xt ⇔ xt =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

(0, x̄] i f ζtxt ≥Θt and ζtxt ≥ Γ,
γ

(1+γ)ζt
i f ζtxt ≤ Ξt and ζtxt < Γ,

(0, x̄] i f ζtxt < Θt and ζtxt ≥Φt ,

γ(1−η)ht
(1+γ)(ζt ht−σ)

i f ζtxt > Ξt and ζtxt < Φt

(2.24)
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ζt

xt

ζ̄

x̄

Γ, xx

Ξt ζ ζ

γ
1+γ

11

Ξt ζ ζ

Figure 8: (ζt ,xt) Dynamics in Regime 2
Note: This figure pictures (ζt ,xt) dynamics for Regime 2 given ht <+∞. The unshaded area

represent the ζt and xt pairs for which the economy operates in Regime 2. The threshold

levels of ζt xt irrelevant for Regime 2 are excluded.

For Regimes 1 and 3, we simply have xt+1 = xt . Regimes 2 and 4 are characterized by

nt > xt which, given (2.22), implies that xt is increasing.
21

Next, the ζ ζ -locus for given ht is

ζ ζ = {(ζt ,xt) : ζt+1 = ζt} . (2.25)

21(2.4) shows that xt+1 is the weighted average of xt and nt . In Regimes 2 and 4, agents choose a level of

nt greater than xt which means that xt+1 becomes the weighted average of xt and a number that is greater

than xt . This trivially implies that xt+1 is greater than xt .
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ζt

xt

ζ̄

x̄

Φt

Θt

ζ ζ
1

ζ ζ

Figure 9: (ζt ,xt) Dynamics in Regime 3
Note: This figure pictures (ζt ,xt) dynamics for Regime 3 given ht <+∞. The unshaded area

represent the ζt and xt pairs for which the economy operates in Regime 3. The threshold

levels of ζt xt irrelevant for Regime 3 are excluded.

(2.21) shows that ζt+1 = ζt simply requires nt = 1 for Nt+1 < N̄. ζ ζ then becomes

ζt+1 = ζt |Nt<N̄ ⇔

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

xt = 1 i f ζtxt ≥Θt and ζtxt ≥ Γ,

ζt =
γ

1+γ i f ζtxt ≤ Ξt and ζtxt < Γ,

xt = 1 i f ζtxt < Θt and ζtxt ≥Φt ,

ζt =
γ(1−η)
1+γ + σ

ht
i f ζtxt > Ξt and ζtxt < Φt

(2.26)

For Nt ≥ N̄, ζ ζ is trivially ζt = ζ̄ as the definition of ζt indicates that ζt remains constant

when Nt is greater than N̄. Nt can only reach N̄ in Regimes 1 and 3 where nt = xt ≥ 1, i.e.,

the population sustains fertility rates above the replacement level for the entire history and

continues to grow. This results in an exploding population such that the population size
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ζt

xt

ζ̄

x̄

Φt , xx

Ξt ζ ζ

γ(1−η)
1+γ + σ

ht

1

Ξt ζ ζ

Figure 10: (ζt ,xt) Dynamics in Regime 4
Note: This figure pictures (ζt ,xt) dynamics for Regime 4 given ht <+∞. The unshaded area

represent the ζt and xt pairs for which the economy operates in Regime 4. The threshold

levels of ζt xt irrelevant for Regime 4 are excluded.

exceeds the threshold N̄ and goes to infinity.

2.5.2 Steady-States and Growth

This subsection demonstrates that the model features multiple steady-state equilibria

where (i) social norms are binding and positive education expenditure is not optimal, i.e.,

the economy does not grow and (ii) social norms are binding and education expenditure

is optimal, i.e., the economy grows. The subsection also shows that, given x0 < 1 and the

economy is in Regime 4, the economy converges to a steady-state to which it would have

converged in the absence of social norms and which yields the highest growth rate.

Let Gt ≡ ht+1/ht ≥ 1 denote the gross growth rate of human capital ht . The following
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analyses focus on human capital growth as it is the primary factor explaining growth of

income per worker.22

Proposition 2.3 Given a sufficiently high level of τ , the gross growth rate Gt > 1 satisfies

Gt =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

1 i f ζtxt ≥Θt and ζtxt ≥ Γ,

1 i f ζtxt ≤ Ξt and ζtxt < Γ,

τ
{

γη
(1+γη)xtht

[(1−ζtxt)ht +σxt ]
}η

i f ζtxt < Θt and ζtxt ≥Φt ,

τ
[

η
(1−η)ht

(ζtht−σ)
]η

i f ζtxt > Ξt and ζtxt < Φt .

(2.27)

2.5.2.1 The High Fertility Trap with Binding Social Norms

Proposition 2.4 The model economy features multiple steady-state equilibria in Regime

1 with h∗ ∈ [1,+∞) and with n∗ = x∗ and e∗ = 0 such that

• x∗ = 1 and ζ ∗ ∈
[
1− σ

γηh∗ , ζ̄
]
, and

• x∗ ∈ (1, x̄] and ζ ∗ = ζ̄ .

The economy does not experience economic growth in these steady-states, i.e., G∗ = 1.

Agents’ choices on fertility are bound by social norms in any steady-state within Regime

1. They reproduce at a rate of x∗. (2.18) and (2.22) imply that population either does

not grow or grows at a constant rate x∗ > 1. Agents’ earning abilities are limited because

of a relatively high ζ ∗x∗ which prevents them from investing in education. Since ζtxt

does not decrease in Regime 1, agents can never have high enough income to afford a

positive education expenditure. The economy cannot escape from a high fertility trap

with binding social norms, agents do not educate the next generation, and the economy

never experiences economic growth.

2.5.2.2 Development under Binding Norms

Proposition 2.5 The model economy features multiple steady-states in Regime 3 with

h∗ →+∞ and with n∗ = x∗ and e∗ →+∞ such that

• x∗ = 1 and ζ ∗ ∈
[

γ(1−η)
1+γ , ζ̄

]
, and

• x∗ ∈ (1, x̄] and ζ ∗ = ζ̄ .

22(2.11) shows that lt and ht determine the level of income. As lt ∈ (0,1) is a stationary variable, ht is the

prime determinant of economic growth.
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The economy experiences economic growth with a constant G∗ at the steady-state. G∗ is

decreasing in ζt and xt with

lim
ht→+∞

Gt ≡ G∗ = τ
[

γη (1−ζ ∗x∗)
1+ γη

]η
. (2.28)

The steady-state in Regime 3 is characterized by agents investing in education even when

social norms on fertility are binding. They reproduce at a rate of x∗ ≥ 1. If x∗ is above

the replacement level, the population continues to grow over time, exceeds N̄, and ζ ∗

goes to ζ̄ . If x∗ is equal to the replacement level of unity, the population is stabilized at

some N∗ < N̄. In either case, agents keep investing in education. As positive education

investment implies that human capital grows over time, ht goes to infinity with a constant

gross growth rate G∗ > 1.

G∗ is decreasing in ζ ∗ and x∗. That is, G∗ is higher when agents spend less time on

childbearing due to either a smaller number of children they make x∗ or a lower amount

of time to spend on each child ζ ∗.23 G∗ reaches its highest value in this steady-state

where ζ ∗ is equal to its lower bound. Note that there exist an infinite number of steady-

state growth rates in this regime.

2.5.2.3 High Growth under Non-Binding Norms

Proposition 2.6 When the model economy is in Regime 4 with x0 < 1, it converges to a

unique growth steady-state with h∗ →+∞ and with n∗ = 1 and e∗ →+∞ such that

x∗ = 1 and ζ ∗ =
γ(1−η)

1+ γ
,

The economy experiences economic growth with a constant G∗ at the steady-state that

satisfies

lim
ht→+∞

Gt ≡ G∗ = τ
(

γη
1+ γ

)η
. (2.29)

Proposition 2.6 shows that the economy converges to a steady-state with x∗ = 1 if it starts

in Regime 4 with x0 < 1. This steady-state resides on a boundary point between Regimes

3 and 4. Furthermore, its unique ζ ∗ is the lower bound of the ζ ∗ of the steady-state in

Regime 3.

23The lower values of x∗ and ζ ∗ increase the time that agents can allocate to labor supply, i.e., increase

their income. With higher levels of income, they can invest more resources on education which increases

its growth rate.
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Proposition 2.7 The steady-state with

x∗ = 1 and ζ ∗ =
γ(1−η)

1+ γ

is an equilibrium to which the model economy would have converged if the social norms

were not present.

Proposition 2.7 shows that any steady-state but the one featured in Proposition 2.7 has

a relatively low growth rate. If the economy is in either one of the other steady-states,

agents’ incomes are restricted with relatively high childbearing costs due to (i) high ζ ∗

implied by a large population and (ii) a high n∗ implied by binding social norms.

2.5.3 The Historical Path of the Model Economy

This subsection illustrates the transition of an economy when its initial state is historically

accurate. The economy can converge to two distinct steady-states, in which social norms

are binding. Whether the economy experiences economic growth or not depends on the

persistence of social norms. If the persistence of social norms, i.e., ψ is low, the econ-

omy converges to a steady-state in Regime 1 and never experiences economic growth.

Otherwise, the economy converges to a steady-state in Regime 3, where it experiences

perpetual growth under binding social norms.

Proposition 2.8 Suppose that, at t = 0, the economy is in Regime 2, i.e., social norms

are not binding. Also suppose that the size of population is sufficiently small, i.e., ζ0 is

sufficiently low, and that the social norm of fertility is above the replacement level, i.e.,

x0 > 1. Then, the economy

• either enters and remains in Regime 1,

• or enters Regime 4 and then enters and remains in Regime 3.

Remark 2.1 Note that the assumptions in Proposition 2.8 are both historically accurate.

First, considering the fact that the world population has expanded outstandingly during

the last three centuries, and the modern human populations have emerged around 50,000

years earlier than today, it is reasonable to assume that the population size relative to the

land was small in pre-historic societies.

Second, considering the facts that (i) pre-historic societies did not have any contraceptive

methods that prevent high fertility, (ii) were conservative relative to contemporary
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societies, and (iii) most social and religious norms today promote high fertility and these

norms originate from the pre-historic societies’ social life, it is plausible to assume that

these societies had fertility norms that dictate a fertility choice above the replacement

level.

Figures 11 and 12 picture the possible historical paths of the model economy given the

initial conditions described in Proposition 2.8.

ζt

xt

ζ ∗ = ζ̄

x̄

Γ

Θt

Ξt

1

x∗

Figure 11: Convergence to the Steady-State in Regime 1
Note: This figure pictures the economy’s convergence to a steady-state in Regime 1 under the

assumptions that (i) the initial population size is at a historically low level and (ii) the initial

social norms suggest a fertility choice above the replacement level. Given these conditions,

the economy is initially in Regime 2, where optimum education expenditure is zero and

fertility choice is above the fertility habit stock. If ψ , i.e., the historical persistence of social

norms, is low, xt increases at a faster pace than ζt . The economy eventually moves to Regime

1 where optimum education expenditure is zero and social norms are binding, and remains in

Regime 1 forever with an ever-expanding population, without experiencing economic growth.

The population is historically small at the beginning of history. This implies that child-

bearing is at a historically low cost as well. Conversely, fertility norms are relatively
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ζt

xt

ζ ∗ = ζ̄

x̄

Γ

Φt

Θt

Ξt

1

Φt̂

Ξt̂

Θt̂

x∗

Figure 12: Convergence to the Steady-State in Regime 3
Note: This figure pictures the economy’s convergence to a steady-state in Regime 3 under the

assumptions that (i) the initial population size is at a historically low level and (ii) the initial

social norms suggest a fertility choice above the replacement level. Given these conditions,

the economy is initially in Regime 2, where optimum education expenditure is zero and

fertility choice is above the fertility habit stock. If ψ , i.e., the historical persistence of social

norms, is high, ζt increases at a faster pace than xt , and the economy moves to Regime 4,

where investment in education begins. Threshold levels Ξt and Φt decrease when agents

start to accumulate human capital, while the threshold level Θt increases. The dotted lines

represent the shifts in each threshold with an increasing human capital stock. Since xt is

non-decreasing and its initial value is above the replacement level, the population size and

the childbearing cost continue to increase, and the economy eventually leaves Regime 4 at t̂
and enters Regime 3 where education expenditure is positive and social norms are binding.

Until the very end of the time, the economy remains in Regime 3 with positive education

investment and an ever-expanding population.

high such that x0 > 1, i.e., the society’s allowed number of children that people can have

is above the replacement level. Since the childbearing cost is too low, agents allocate a

substantial portion of their time endowment to childbearing and have more children then

the social minimum. In other words, despite the relatively high initial social norm stock,
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social norms are not binding. Agents are not concerned with educating their offspring be-

cause education does not yield high enough returns to compensate having fewer children.

In other words, agents favor quantity over quality.

The initially low level of childbearing cost allows each generation to choose fertility above

the social minimum and the population keeps growing. With each generation giving birth

to a number of children above the social minimum, the next generation’s fertility norm

stock increases. Both the childbearing cost and the fertility norm stock are increasing and

the society eventually leaves Regime 2 and enters either Regime 4 or Regime 1.

• The steady-state in Regime 1: If the historical persistence of social norms is low,

each generations’ influences on their descendants are strong. That is, the next gen-

eration’s social norms are shaped more by their parents and less by their ancestors.

This results in rapid increases in the social norm stock when the fertility rate is

above the social minimum. Over time, the increase in the social norm of fertil-

ity (the habit stock) is relatively more than that of the childbearing cost. As a

consequence, the minimum time that the society expects each agent to spend on

childbearing becomes too high that agents no longer choose fertility above the so-

cial minimum and the economy enters Regime 1. Thereafter, fertility remains at a

constant above the replacement rate for the remaining history and the population

explodes. At the end of the history, the economy remains at a place where the

human capital level has never changed and is the same as that of the initial period.

• The steady-state in Regime 3: With high historical persistence of social norms,

the social norm stock mildly increases over time despite the relatively high fertil-

ity of each generation. Conversely, the increase in childbearing cost is relatively

high. Childbearing cost of a single child increases over time despite the relatively

stagnant fertility habit stock. Since the habit stock remains relatively stagnant, the

economy does not initially enter to a regime where social norms are binding. At

some point, the unit cost of childbearing becomes too high that agents choose to

have fewer but educated children, and the economy enters Regime 4. The child Q-

Q trade-off is initiated and agents start choosing lower fertility rates. However, the

fertility rates are still above the social minimum that is greater than the replacement

level and the population keeps growing. Ultimately, the total childbearing cost ex-

ceeds a threshold and the economy enters Regime 3. The fertility rate is no longer

above the social minimum. Agents continue to educate their children but their la-

bor supply remains limited due to their time spent on childbearing. The population

keeps growing at a constant rate for the remaining history. Human capital also accu-

mulates over time and is greater for each generation compared to their parents. At
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Table 2: The Possible Historical Paths of the Model Economy

Transition Path ψ n∗ e∗ G∗

Regime 2→ Regime 1 Relatively Low x∗ 0 1

Regime 2→ Regime 4→ Regime 3 Relatively High x∗ +∞ τ
[

γη(1−ζ̄ x∗)
1+γη

]η

the end of the history, investment in education continues and human capital stock

increases without bound.

In conclusion, Proposition 2.8 shows that, if the initial state of the economy is histori-

cally accurate to represent the conditions of a pre-modern economy, the economy either

follows a path throughout which a growth take-off never occurs or follows a path where

the population explodes despite an increasing stock of human capital. See Table 2 for

a summary of each path. Neither of these outcomes are realistic as the economy never

experiences a demographic transition. These paths with steady-states in Regimes 1 and 3

are the outcome of strictly conservative agents who do not question the social norms. That

xt is non-decreasing over time prevents the agents from decreasing their fertility rates af-

ter a certain period. In reality, each generation questions the existing norms and may not

blindly obey them if they are not compatible with their well-being. To capture moderately

conservative agents, the next section introduces secularization to the model.

2.6. SOCIAL NORMS WITH SECULARIZATION

This section extends the model studied above with secularization. Let the social norms

affecting fertility be religious norms as in Prettner and Strulik (2017) and Chabé-Ferret

(2019). Let the social norm constraint of adults be

nt ≥ ξ xt (2.30)

where ξ ∈ (0,1) represents each generations’ obedience to social norms. Lower values of

ξ imply that the society is more secular, i.e., less adhere to the social norms. The society

still influences fertility choices. But unlike the basic model, each generation questions the

social norms to some extent.
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With the new social norm constraint, the worker’s problem now becomes

max
nt ,et

ln [(1−ζtnt)ht−ntet ]+ γ ln(nt)+ γη ln(et +σ)+ρt

subject to ξ xt ≤ nt .
(2.31)

2.6.1 Static General Equilibrium

The definition of the SGE for the extended model is similar to that of the basic model’s,

only with a different worker’s problem which is (2.31).

Proposition 2.9 There exists a unique SGE of the extended model with nt ≥ ξ xt , et ≥ 0

and � j,t > 0. Depending on the given state vector zt , the SGE features four regimes as in

Proposition 2.1.

Proposition 2.9 shows that which regime the economy operates in depends on threshold

levels of ζtxt which are

Γ̂≡ Γ
ξ
, Ξt , Θ̂t ≡ Θt

ξ
, Φ̂t ≡ Φ

ξ
. (2.32)

2.6.2 Dynamic General Equilibrium

The DGE definition of the extended model is the same as that of the basic model.

Proposition 2.10 A DGE of the extended model exists and is unique.

2.6.3 Aggregate Dynamics and Asymptotic Equilibrium

The conditional dynamics of the extended model are the same with those of the basic

model’s. Figures 13, 14, 15, and 16 capture the dynamics of ζt and xt for the extended

model.

The xx-locus of the extended model is

xt+1 = xt ⇔ xt =

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

0 i f ζtxt ≥ Θ̂t and ζtxt ≥ Γ̂,
γ

ξ (1+γ)ζt
i f ζtxt ≤ Ξt and ζtxt < Γ̂,

0 i f ζtxt < Θ̂t and ζtxt ≥ Φ̂t ,

γ(1−η)ht
ξ (1+γ)(ζt ht−σ)

i f ζtxt > Ξt and ζtxt < Φ̂t

(2.33)
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Figure 13: (ζt ,xt) Dynamics of the Extended Model in Regime 1
Note: This figure pictures (ζt ,xt) dynamics of the extended model for Regime 1 given ht <
+∞. The unshaded area represent the ζt and xt pairs for which the economy operates in

Regime 1. The threshold levels of ζt xt irrelevant for Regime 1 are excluded.

where xt is increasing above and decreasing below. Note that xt+1 = xt in Regimes 1 and 3

requires the condition that xt = 0. In regimes where the social norm constraint is binding,

the condition that xt+1 = xt implies xt = ξ xt , which implies either ξ = 1 or xt = 0. Since

ξ is assumed to be smaller than 1, the only case where the social norm stock does not

change is trivially xt = 0. Proposition 2.9 and Lemma 2.2 show that xt is decreasing for

any positive value of xt in these regimes.24

24Substituting nt = ξ xt from Proposition 2.9 in (2.22) from Lemma 2.2 for each regime returns xt+1/xt =
ψ +(1−ψ)ξ < 1, which shows that xt is decreasing in these regimes.
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Figure 14: (ζt ,xt) Dynamics of the Extended Model in Regime 2
Note: This figure pictures (ζt ,xt) dynamics of the extended model for Regime 2 given ht <
+∞. The unshaded area represent the ζt and xt pairs for which the economy operates in

Regime 2. The threshold levels of ζt xt irrelevant for Regime 2 are excluded.

The ζ ζ locus of the extended model reads

ζt+1 = ζt |Nt+1<N̄ ⇔

⎧⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎩

xt =
1
ξ i f ζtxt ≥ Θ̂t and ζtxt ≥ Γ̂,

ζt =
γ

1+γ i f ζtxt ≤ Ξt and ζtxt < Γ̂,

xt =
1
ξ i f ζtxt < Θ̂t and ζtxt ≥ Φ̂t ,

ζt =
γ(1−η)
1+γ + σ

ht
i f ζtxt > Ξt and ζtxt < Φ̂t

(2.34)

where ζt is increasing above and decreasing below. The population size could exceed N̄

in Regimes 1 and 3 of the basic model because xt was non-decreasing. In the extended

model, ξ < 1 ensures that xt decreases in these regimes until it reaches to its lower bound.

Thus, the population size never exceeds N̄ in the extended model, and ζt never reaches to
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Figure 15: (ζt ,xt) Dynamics of the Extended Model in Regime 3
Note: This figure pictures (ζt ,xt) dynamics of the extended model for Regime 3 given ht <
+∞. The unshaded area represent the ζt and xt pairs for which the economy operates in

Regime 3. The threshold levels of ζt xt irrelevant for Regime 3 are excluded.

ζ̄ . Therefore, a ζ ζ locus does not exists for Nt+1 ≥ N̄.

Proposition 2.11 Suppose that the economy is initially in either Regime 1 or 2, i.e.,

e0 = 0. Then, a t̃ > 0 exists where et̃−1 = 0 and et̃ > 0: If the economy starts its evolution

with investment in human capital not being optimal, the agents inevitably educate their

offspring at some future period. Furthermore, independent of where it starts, the economy

eventually enters Regime 4 where social norms are not binding.

The definition of an asymptotic equilibrium is motivated by Proposition 2.11.

Definition 2.3 The extended model features a unique asymptotic equilibrium in Regime
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Figure 16: (ζt ,xt) Dynamics of the Extended Model in Regime 4
Note: This figure pictures (ζt ,xt) dynamics of the extended model for Regime 4 given ht <
+∞. The unshaded area represent the ζt and xt pairs for which the economy operates in

Regime 4. The threshold levels of ζt xt irrelevant for Regime 4 are excluded.

4 with

nt → n∗ = 1, et → e∗ →+∞ and Gt → G∗ = τ
(

γη
1+ γ

)η
> 1,

which is the limiting of the SGE with t →+∞.

The social norms are not binding at the asymptotic equilibrium and the adult population

is stabilized at some

N∗ =
[

γ (1−η)

θ (1+ γ)

] 1
α
> 0 (2.35)

which is solved from (2.1) and (2.34) with n∗ = 1. With e∗ being positive, Proposition
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2.3 implies that human capital continues to grow over time with a G∗ > 1. Hence, the

asymptotic equilibrium features the perpetual growth of ht , and equivalently wt .

Proposition 2.12 The (unique) asymptotic equilibrium is globally stable. In other words,

the extended model’s SGE ultimately converges to the asymptotic equilibrium for any

z0 ∈ R
3
+.

Figure 17 pictures the regime transitions of the extended model, and captures the conver-

gence to the Regime 4.

Regime 1

Regime 2 Regime 3

Regime 4

Figure 17: Regime Transitions in the Extended Model

2.6.4 The Historical Path of the Extended Model

Proposition 2.13 Consider the extended model and suppose that ζ0 is low, i.e., the pop-

ulation size is small and x0 > 1.

Suppose that the economy initially operates within Regime 2. The economy, then, enters

Regime 4 at some t̂ > 0 and converges to the asymptotic equilibrium.

Suppose that the economy initially operates within Regime 1. The economy, then;

• either enters Regime 2, then Regime 4 at some t̂ > 0, and converges to the asymp-

totic equilibrium,

• or enters Regime 3, then Regime 4 at some t̂ > 0, and converges to the asymptotic

equilibrium.

Figures 18 and 19 capture the economy’s convergence to the asymptotic equilibrium when

it initially starts in Regime 2. The economy, then, follows a path where it is never affected

by the social norms. This is the case for the standard UGT literature, where the Q-Q
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trade-off begins when the unit childbearing cost is sufficiently high. The economy starts

with an initially high fertility rate that gradually declines with a gradually increasing

unit childbearing cost. When the childbearing cost is sufficiently high at t̂, the returns to

education relative to having children is high enough to initiate human capital investment at

the expense of the number children. Afterwards, the economy converges to the asymptotic

equilibrium where the education expenditure is positive, growth is perpetual and fertility

rate is equal to the replacement level.

ζt

xt

ζ̄

x̄

xx

Γ̂

Ξt

1

ζ ζ

γ
1+γ

(ζ0,x0)

Figure 18: Extended Model’s Path from Regime 2: Before t̂
Note: This figure pictures the path of the model economy with secularization extension from

t = 0 when the economy is initially in Regime 2 with x0 > 1 before some t̂ < +∞. When

initially in Regime 2, the economy first moves towards xx. After it reaches xx, the economy

moves alongside xx until it enters Regime 4 at some t̂ <+∞.

There are two possible paths of the economy when it initially starts in Regime 1—the

cases where the social norms influence reproductive behavior—with each path depending

on the values of ψ and ξ , i.e., the historical persistence of social norms and the degree

of secularization, respectively. Now, note that societies with relatively high ψ preserve
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ζt

xt

ζ̄

x̄
Ξt̂

Ξt→+∞

(ζt̂ ,xt̂)

xx

Θ̂t̂

Θ̂t→+∞

1

ζ ζ

γ(1−η)
1+γ

Figure 19: Extended Model’s Path from Regime 2: After t̂
Note: This figure pictures the path of the model economy with secularization extension after

the economy enters to Regime 4 at some t̂ < +∞. Since optimum education expenditure is

positive in Regime 4, the human capital stock continues to increase over time and goes to

infinity. The threshold levels of Θ̂ and Ξ, alongside the xx and ζ ζ loci decrease with an

increasing human capital stock. The dotted lines represent Θ̂, Ξ, xx and ζ ζ when ht goes to

infinity. When in Regime 4, the economy converges to the asymptotic equilibrium in Regime

4 where the population is stabilized and economic growth is perpetual.

their social norms for generations. Hereafter, these societies are referred as "traditionalist

societies" in which social norms have high historical persistence. Narratives for both

paths are in order.

The initial population level N0, therefore ζ0, is at a historically low level. On the contrary,

as a consequence of the social norms that value high fertility, x0 > 1 is high such that the

social norms are binding despite the historically low ζ0. The reproductive behaviors of

the initial generations are, then, determined by the social norms. However, each genera-

tion questions the social norms and does not completely obey them. That is, the society
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influences fertility decisions but does not completely determine the number of children

each agent have.

At the initial stages of history, each generation choose not to educate their children be-

cause (i) the returns of education are not sufficiently high to promote human capital in-

vestment and (ii) their labor supply, therefore income, is limited and is not enough to

support feasible levels of education expenditure that yields high enough returns relative

to spending on consumption.

With each generation questioning the existing social norms, xt decreases over time. The

society may follow two distinct paths depending on its characteristics. These character-

istics are determined by; how persistent their traditions are, i.e., how large ψ is, and how

resistant to change they are, i.e., how large ξ is.

If the society is a relatively secular one with low persistence of traditions, it abandons the

social norms that restrict the agents’ preferences relatively fast. The economy eventually

escapes from Regime 1 and enters Regime 2 where social norms still exist, but not strong

enough to bind fertility choices. In time the evolution of fertility habits continue, but since

they are shaped more by the preceding generations choices and less by its previous values,

it evolves in accordance with the costs and benefits of having children. The economy

follows the path of the one which initially starts in Regime 2, and eventually converges to

the asymptotic equilibrium (see Figures 20 and 21).

If the society is characterized by high persistence of traditions, i.e., if it’s a traditionalist

society, and/or if it is resistant to change, it does not reach its balanced growth path as fast

as the previous case. Each generation questions the social norms and xt decreases over

time, but the change is too slow that the economy remains in Regime 1 for a long time.

However, even if the change is relatively small, the agents’ incomes gradually increase

over time. When their income is high enough, the agents start to educate their children

and the economy enters Regime 3. But note that initiating human capital investment is

not the outcome of the Q-Q trade-off because the number of children that each agent have

is still influenced by the society. At this stage of development, agents only substitute

between consumption and education.

At this stage of development, ht starts to increase, but the increase is relatively small be-

cause the potential incomes of agents are still restricted by the social norms. Nevertheless,

each generation continues to question social norms and both the income and education ex-

penditure, therefore ht grow at an accelerating rate over time. The economy ultimately

enters Regime 4 at some t̂ and converges to the asymptotic equilibrium (See Figures 22
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ζ̄

x̄
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Γ̂

Ξt

Θ̂t

1

(ζ0,x0)

Figure 20: Extended Model’s Path from Regime 1: Small ψ and ξ , Before t̂
Note: This figure pictures the path of the model economy with secularization extension before

some t̂ < +∞, when the economy is initially in Regime 1 with x0 > 1 under small ψ and ξ ,

i.e., with low historical persistence of social norms and a relatively secular society. With a

secular and less-traditionalist population, the social norm stock quickly decreases so that the

economy enters Regime 2 from Regime 1 at some t < +∞. When in Regime 1, the state

vector first converges to xx, and moves alongside it afterwards. The economy then enters

Regime 4 at some t̂ <+∞.

and 23).

In conclusion, when the economy’s initial position is historically correct, the path that it

follows replicate either the long-run path of the contemporary industrialized economies

or the long-run path of underdeveloped economies. See Table 3 for a summary of the

economies possible transition paths. When social norms are not strong or the society is

relatively secular, the economy initiates human capital accumulation at a relatively early

time and enters its balanced growth path. On the other hand, if fertility norms are initially

strong, and the society is not secular enough, it can experience long periods of stagnation.
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Figure 21: Extended Model’s Path from Regime 1: Small ψ and ξ , After t̂
Note: This figure pictures the path of the model economy with secularization extension after

t̂ < +∞, when the economy is initially in Regime 1 with x0 > 1 under small ψ and ξ , i.e.,

with low historical persistence of social norms and a relatively secular society. The economy

converges to the asymptotic equilibrium after it enters Regime 4. Since optimum education

expenditure is positive in Regime 4, the human capital stock continues to increase over time

and goes to infinity. The threshold levels of Θ̂ and Ξ, alongside the xx and ζ ζ loci decrease

with an increasing human capital stock. The dotted lines represent Θ̂, Ξ, xx and ζ ζ when ht
goes to infinity. When in Regime 4, the economy converges to the asymptotic equilibrium in

Regime 4 where the population is stabilized and economic growth is perpetual.

The economy eventually starts to accumulate human capital, but the timing is relatively

late and the transition to its balanced growth equilibrium takes a relatively long time.

2.7. DISCUSSION

The effects of non-economic phenomena on economic behavior, such as those of habits,

social and cultural norms, and religion, have been demonstrated in various theoretical and
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Figure 22: Extended Model’s Path from Regime 1: Large ψ and ξ , Before t̂
Note: This figure pictures the path of the model economy with secularization extension before

some t̂ < +∞, when the economy is initially in Regime 1 with x0 > 1 under large ψ and ξ ,

i.e., with high historical persistence of social norms and a relatively conservative society.

The social norm stock decreases when in Regime 1, but the decrease is relatively mild due

to the traditionalist and conservative characteristics of the society, and the economy sustains

relatively high fertility rates for a long time. Eventually, the economy escapes Regime 1

and enters Regime 3 (where optimum education expenditure is positive under binding social

norms) at some t < +∞, and human capital investment begins. The threshold level Θ̂t starts

to increase and Ξt starts to decrease. The dotted lines represent the shifts in both threshold

levels. The social norm stock continues to decline in this regime, and falls below 1/ξ at some

point. Since social norms are binding in Regime 3, a social norm stock below 1/ξ implies

that the population size and the childbearing cost decrease. The decrease in nursing time

continues until the economy enters Regime 4 at some t̂ <+∞.

empirical works. Guiso, Sapienza, and Zingales (2006), Fernández (2011), Spolaore and

Wacziarg (2013), Alesina and Giuliano (2015), and Jackson, Rogers, and Zenou (2017) on

social and cultural norms, Havranek, Rusnak, and Sokolova (2017) on habits, and Rubin

(2017), S. O. Becker, Pfaff, and Rubin (2016), Cantoni, Dittmar, and Yuchtman (2018)

and Kuran (2018) on religion are some recent studies. Such effects have important impli-
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Figure 23: Extended Model’s Path from Regime 1: Large ψ and ξ , After t̂
Note: This figure pictures the path of the model economy with secularization extension after

some t̂ < +∞, when the economy is initially in Regime 1 with x0 > 1 under large ψ and

ξ , i.e., with high historical persistence of social norms and a relatively conservative society.

The human capital stock continues to increase when in Regime 4, where positive education

expenditure is optimum. After the economy enters Regime 4, it converges to the asymptotic

equilibrium. With an increasing human capital stock, the threshold levels Θ̂ and Ξ, and the xx
and ζ ζ loci decrease over time. The dotted lines represent the shifts in each line when human

capital stock goes to infinity. When in Regime 4, the economy converges to the asymptotic

equilibrium where the population is stabilized, and economic growth is perpetual.

cations for the long-run growth path of a society. They are presumably more pronounced

in less developed societies that are situated away from their balanced growth paths.

The basic model constructed in this chapter introduces social norms on fertility into a sim-

ple model of child Q-Q trade-off. Social norms dictate that fertility cannot be below some

benchmark level determined by the evolution of habits. This evolution is shaped partially

by the historical persistence and partially by the decisions of the previous generation. The

model features multiple asymptotic equilibria with binding and non-binding social norms
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Table 3: The Possible Historical Paths of the Extended Model

Transition Path ψ and ξ n∗ e∗ G∗

Regime 2→ Regime 4 Any 1 +∞ τ
(

γη
1+γ

)η

Regime 1→ Regime 2→ Regime 4 Relatively Low 1 +∞ τ
(

γη
1+γ

)η

Regime 1→ Regime 3→ Regime 4 Relatively High 1 +∞ τ
(

γη
1+γ

)η

on fertility. The model is thus able to explain a set of outcomes consistent with both (i)

prolonged stagnation with low education and high fertility, and (ii) economic growth with

human capital accumulation accompanied by fertility decline.

An extension of this model assumes that religious norms shape the fertility constraints and

introduces exogenous secularization in the form of the declining role of religious norms

in social life via questioning the social norms. While social norms continue to influence

fertility constraints, their influence is limited with how obedient each generation is. The

extended model features a unique asymptotic equilibrium where the adult population is

stabilized and economic growth is perpetual. How fast the economy converges to this

equilibrium depends on the degree of secularization. The remaining part of this section

discusses the implications of these main results.

2.7.1 Secularization and Modern Economic Growth

The UGT literature underlines the crucial role of a fertility transition for the take-off stage

of an economy and its convergence to the BGP. This has encouraged economists to inves-

tigate the determinants of fertility, and several scholars have argued that the determinants

of fertility decisions are not solely economic ones. The recent works of T. E. Murphy

(2015) and Baudin (2015) demonstrate the role that religion has played in France’s fer-

tility transition. T. E. Murphy (2015) shows that the social environment has significantly

influenced French fertility decisions in the nineteenth century. His findings indicate that

fertility rates have been higher with more religiosity and France’s fertility transition was

parallel to its secularization. Furthermore, the social diffusion of religious norms from

more secular areas to less secular ones via social interaction has accelerated the fertility

decline. Baudin’s (2015) findings provide support that religiosity’s positive effect on fer-

tility persist in today’s France. These works illustrate the indirect effect of secularization

on economic growth through affecting the fertility transition. Strulik (2016) and Prettner

and Strulik (2017) further demonstrate that religious beliefs, when strong enough, cause

high fertility and low education, therefore low or no economic growth.
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In the model of this chapter, binding social norms prevent the economy from converging

to a steady-state where the population is stabilized and growth is perpetual. Assuming that

religious norms influence fertility, the effect is more pronounced when agents are strictly

conservative, i.e., obey the religious norms without questioning them. However, the basic

model shows that strict conservatism results in unrealistic outcomes when the initial state

of the economy is historically correct with binding social norms and low population. The

secularization extension suggests that even the slightest questioning of religious norms

allows the economy to converge to a perpetual growth equilibrium with a stabilized adult

population.

Though how large or small ξ is have no effect on the asymptotic equilibrium of the ex-

tended model, it has a significant role for the transition. The value of ξ , i.e., how secular

the society is, affects the duration of the transition to the equilibrium. More secular soci-

eties complete their transition earlier while more conservative societies experience longer

periods of stagnation. The extended model predicts that more secular societies complete

their fertility transition and convergence to their BGP earlier. On the contrary, more con-

servative societies sustain high fertility and low education rates for longer periods. These

results are analogous with those obtained by Prettner and Strulik (2017). In Prettner and

Strulik’s (2017) model, the usage of contraceptives represents religious beliefs. More

religiosity implies less contraceptive usage which, in turn, implies high fertility and low

education. They show that a society can only escape from a steady-state of stagnation by

abandoning their traditional beliefs through collective actions.

The basic model of this chapter does not introduce secularization endogenously. Yet, an

exogenous decline in xt can be interpreted as the collective action to abandon religious

norms as in Prettner and Strulik (2017). In the basic model of this chapter, obeying the

existing norms without questioning them results in either a high fertility trap where human

capital investment never starts, or an underdevelopment trap where growth is perpetual but

relatively low.

Assume the economy is in either steady-state with x∗ ≥ 1. An exogenous decline in

fertility norms such that xt < 1 would decrease the population size, allow the economy

to enter Regime 4, and eventually converge to the steady state described in Proposition

2.6. Both the basic and the extended models imply the need for abandonment of religious

beliefs—in this case, fertility norms—to complete a fertility transition and attain higher

living standards in terms of per capita income. The model does not capture the bicausal

association of economic development and secularization (see, e.g., Strulik (2016)) but it

still demonstrates the negative impact of conservatism on an economy.
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2.7.2 Social Institutions and the Long-Run Path

The mainstream economics literature is largely built on models with isolated agents,

treated as independent decision makers isolated from their social environment. This over-

simplification has allowed economists to analyze complex structures such as decision-

making processes regarding reproduction and education. However, models assuming

away social effects may not be reliable in understanding the very long-run patterns of

development since the evolution of culture may create non-trivial changes in social foun-

dations of economic behavior. The rational agent model with an individualistic methodol-

ogy can be used to analyze how an agent behaves under given circumstances, but it cannot

explain why these given circumstances exist and how they evolve.

The model of this chapter demonstrates the possible long-run impacts of non-economic

phenomena on economic outcomes. The habit stock of fertility introduces a social di-

mension to the individual decision-making process. Furthermore, the model captures

the evolution and persistence of these habits and their effect on the economy’s long-run

growth and development path. The model predicts that the presence of habits can delay

or stall the transition of an economy to its modern growth regime. A social norm on fer-

tility restricts the earning abilities of agents through limiting their labor supply when the

constraint is binding. The limited labor supply reduces the income of an agent for any t

and naturally restricts the growth potential of human capital. In the extended model with

secularization, binding fertility habits can cause long(er) periods of stagnation and delay

the convergence to the asymptotic equilibrium.

The particular focus of this chapter is the socio-cultural dimension of reproductive be-

havior. In this respect, de la Croix and Delavallade’s (2018) analysis is closely related

to the main findings presented here. de la Croix and Delavallade (2018) investigate the

effects of religions that give different weights to the roles of child making and rearing

on long-run economic development. They classify religions as pro-child religions, i.e.,

putting “more weight on the number and quality of children”, and pro-birth religions, i.e.,

putting “more weight solely on the number of the children” (de la Croix & Delavallade,

2018, p. 908). Their analysis shows that pro-child religions negatively affect growth at

the initial stages of development via lower saving rates and lower labor supply levels.

This closely relates to the Regime 1 of the model economy studied here where agents do

not invest in education due to their limited labor supply. The other finding of de la Croix

and Delavallade (2018) suggests that pro-birth countries depress growth via lower levels

of investment in human capital. In the model economy of this chapter, this resembles

Regime 3 where the economy experiences economic growth by et > 0 but with relatively
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low levels of education expenditure due to the binding social norms on fertility.

2.7.3 The Child Q-Q Trade-off with Social Norms

Social norms directly influence fertility preferences in the model. Therefore, whether a

parent invests in the quantity or quality of her children does not solely depend on the

returns to education. This is not a common feature of the child Q-Q trade-off literature

since it is prevalently assumed that rational agents face this trade-off without any addi-

tional, particularly social, constraints. The presence of socio-cultural effects inevitably

complicates the trade-off. A recent work of de la Croix and Perrin (2018) investigates

whether the parsimonious rational choice theory can explain the fertility and education

transition of the 19th century France. Their findings and the results presented here are

analogous and both sets of results have important implications on the child Q-Q trade-

off. de la Croix and Perrin (2018) shows that the parsimonious rational choice theory can

only explain 38% of the variations in fertility while it is able to explain a relatively larger

portion of variations in education. The fact that the rational choice mechanisms can only

explain a considerably small portion of fertility changes shows that “even in the case of

France, which is considered the pioneer in low fertility norms, socioeconomic conditions

affect fertility” (de la Croix & Perrin, 2018, p. 240).

The model of this chapter has two noteworthy implications regarding the child Q-Q trade-

off. First, substituting fertility and education cannot be achieved when social norms are

binding. In Regimes 1 and 3, agents have xt (or ξ xt) children regardless of their choice

of education expenditure. Binding norms reduce the problem to choosing between con-

sumption and education. An adult can substitute between nt and et only when the social

norm constraint is slack, i.e., in Regimes 2 and 4. These results are fully consistent with

de la Croix and Perrin’s (2018) finding that rational choice theory explains a relatively

large part of the variations in education; even though fertility decisions are constrained

by social norms, the effects of economic incentives on education decisions are still strong

via the consumption-education trade-off in Regimes 1 and 3.

Second, binding social norms at t not only prevent generation t from substituting fertility

with education but also make it harder for the next generation to do so. Under binding

social norms, generation t chooses a fertility level above the one that they would have

chosen in the absence of a social norm constraint; this is a trivial implication of nt ≥ xt .

A relatively high fertility level at t then results in a higher increase or a lower decrease

in ζt+1, making the social norm constraint in t +1 more stringent. This would prevent or

slow down a fertility transition especially in relatively traditional or conservative societies.
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2.7.4 Underdevelopment

The basic model and its extension with secularization have implications regarding the

global patterns of underdevelopment and low-growth equilibria. Consider Regime 3

where fertility norms are binding and education expenditure is positive. First, Propo-

sition 2.3 shows that Gt in this regime is negatively related to ζt and xt , as both variables

negatively affect the optimal level of education expenditure. This implies that economies

with (i) relatively large populations per land and (ii) relatively high fertility norms perform

worse than their peers with opposite characteristics.

Second, a higher degree of historical persistence of fertility habits, i.e., higher ψ , and a

higher degree of conservatism, i.e., higher ξ , increase the time that the model economy

spends in Regimes 1 and 3 and can eventually cause prolonged periods with zero or low

growth rates of human capital. This follows because the dynamics of ζt and xt in Regimes

1 and 3 imply that higher values of ψ and ξ cause milder decreases in xt . Additionally,

higher levels of ξ cause higher increases (or lower decreases) in ζt within these regimes.

There are, therefore, long-lasting effects of fertility norms for societies who are both

conservative and traditionalist. ψ resembles the degree to which a society preserves its

norms and traditions through generations, i.e., how traditionalist it is. Growth rates remain

lower in these countries for relatively longer periods.

2.7.5 Female Labor Force Participation

Alesina and Giuliano (2010) demonstrate that female labor force participation rates are

lower in societies with stronger family ties. Their basic explanation is that women take

up a role to "stay at home and run the family" especially in large families. As an ex-

ample, İlkkaracan (2012) shows that marriage is an important barrier for female labor

force participation with married women having significantly less probability to work com-

pared to their unmarried peers. Her findings illustrate the impact of the institutionalized

patriarchal gender roles in Turkey with “male-breadwinner/female-homemaker families”

(İlkkaracan, 2012, p. 14). Dildar’s (2015) work contributes to İlkkaracan’s (2012) findings

by showing that female labor force participation rates and the prevalence of patriarchal

norms (women being responsible for housework and childcare) are negatively related.

Gender roles, especially the ones related with work and fertility, are not only limited to the

contemporary social norms and beliefs. Fernández, Fogli, and Olivetti (2004), Fernández

(2007), and Fernández and Fogli (2009) empirically show that the cultural heritage and

cultural transmission within the family have substantial influences on fertility and the
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labor force participation of women. A more recent study by Alesina, Giuliano, and Nunn

(2013) investigates whether different approaches to women’s role in the society have deep

cultural origins and finds a strong correlation between the traditional agricultural practices

and contemporary gender norms. They show that the effect of male-oriented production

methods still persist and result in greater gender inequality where the women constitute a

smaller portion of the labor market.

The model of this chapter can explain how cultural and social institutions determine

women’s role in several ways: First, especially in societies where women are seen re-

sponsible for childcare, in more traditional societies according to Alesina and Giuliano

(2010), a high ζtxt creates an obstacle for working women. Assuming that households in

this model represent a married couple with both men and women sharing the time endow-

ment, a sufficiently high ζtxt forces the women to allocate all of their time on childbearing

while the men work. The effect is weaker when either ζt or xt is smaller where declines

in xt can be interpreted as the declining belief that “the natural place for women is within

the home” (Alesina et al., 2013, p. 471).

Second, a high ψ can be interpreted as the persistence of patriarchal norms for longer

periods which forces women to behave in a similar way that their ancestors did. With

higher values of ψ , xt changes relatively slowly and women do not participate in activities

outside the domestic sphere for longer periods as in Alesina et al. (2013).

Finally, lower values of ξ would naturally imply a faster abandonment of initial patriar-

chal norms through secularization. Assume that fertility decisions, aside from the social

norms constraint, are solely made by women. Assume further that ξt = ξ (ht) is initially

close to one and a decreasing function of ht . The assumption that ξt and ht (hence, et) be-

ing negatively related is consistent with the findings of Gündüz-Hoşgör and Smits (2008)

that education and female labor force participation, i.e., patriarchal norms, are negatively

related in Turkey. This would imply that (i) a more traditional or conservative society can

get stuck in Regime 1 for longer periods with no education where women are excluded

from the market activities, and (ii) once growth in ht is initiated, i.e. et > 0, the society

starts to question patriarchal norms (ξt decreases) and female labor force participation

accelerates.

2.7.6 Mortality

The simplest way to capture the role of mortality is to introduce a child mortality rate

dt and assume, as in Weisdorf (2004), that dt = d (yt) is a decreasing function of yt with
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lim
yt→0

dt = 1 and lim
yt→+∞

dt = 0. For simplicity, suppose that net fertility can simply be written

as nt = bt (1−dt) where bt is the total number of births. Also suppose that agents take dt

as given and choose bt .

This extension would have important implication regarding the timing of the demographic

transition. If the model economy enters Regime 3—positive education expenditure un-

der binding social norms—before Regime 4—positive education expenditure under non-

binding social norms—, the demographic path of the economy closely resembles the path

of the Western European countries in the 19th century where fertility rates remain rela-

tively high and stable (i.e., ξ xt) but mortality rates decline with increases in yt .

The results following from this extension would also be in line with the experience of the

majority of underdeveloped economies since more traditional, or religious societies would

(i) experience relatively milder drops in mortality rates due to the persistence of fertility

habits (i.e., high ψ) or strong religious norms (i.e., high ξ ) and (ii) sustain relatively high

and stable fertility rates for longer periods. This would strengthen the model’s argument

that relatively secular societies complete their demographic transition and converge to

their balanced growth past relatively faster.

2.7.7 The Fertility Transition of Sub-Saharan Africa

According to Caldwell and Caldwell (1987), high fertility in sub-Saharan African origi-

nates from strong religious beliefs that demand high fertility for the continuation of the

family lineage. In addition, the societal structure supported by religious norms weak-

ens the link between reproductive behavior and the cost of having children. The works

of Munshi and Myaux (2006), Heaton (2011), and Gyimah et al. (2012) provide further

evidence on the influences of social and religious norms/structures on fertility in sub-

Saharan Africa. The influences are mostly through the usage of contraceptive methods.

Groth and May’s (2017, Part 4) assertion that the cultural desire for a large family caused

a slow fertility decline in sub-Saharan Africa is another explanation. The common point is

that African socio-cultural structure has to be the starting point to study the demographic

patterns in sub-Saharan Africa.

What is interesting here is that the findings of the existing literature on the strong ties

of African fertility with social and religious norms and the persistence of these norms

imply an uncommon explanation to the stalled (or slow) fertility transition in the region.

These findings, together with the ones presented in this chapter and with those of Prettner

and Strulik’s (2017), suggest that sub-Saharan Africa may not have initiated a child Q-Q
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trade-off because they may not have faced such a trade-off at all. Consider Regimes 1

and 3 in the model of this chapter. These regimes represent the cases where a child Q-

Q trade-off does not exist due to the binding social norms. Reproductive decisions are

being determined by social norms, and agents cannot decline their fertility regardless of

the costs and benefits of having children or educating them. With

• a high xt , representing the high fertility demand originating from religious beliefs,

• a high ψ , representing the persistence of African culture and beliefs, and

• a high ξ , representing the resistance of African culture to change,

the sub-Saharan African region seems to be stuck in a state with high fertility and low

or no education, despite the high costs of having children and relatively small habitable

areas. As Yeatman and Trinitapoli (2008) show and Prettner and Strulik (2017) suggest,

these economies can escape from this state by altering the social norms and religious

beliefs that keep fertility rates high.

Religious and social norms, as shown by Caldwell and Caldwell (1987), are significant

forces that influence the fertility pattern of sub-Saharan Africa. The standard child Q-

Q trade-off literature predicts an increase in the education expenditure of children at the

expense of their number. The social and religious constraints seem to be the forces that

prevent this trade-off to operate. That is, sub-Saharan African countries may already be

stuck in a high fertility and low growth equilibrium instead of being at the early stages of

their fertility transitions with social and religious norms delaying or stalling the transition.

2.8. CONCLUDING REMARKS

Models in which agents are strictly isolated from the society provide economists with

a convenient environment that simplifies the complex structure of the human decision-

making processes. In most cases, the benefits of such simplifications outweigh the costs

of assuming away the aspects of reality that change only slowly and from one genera-

tion to another. However, in areas where the decision-making processes have strong ties

with non-economic motivations (e.g., social and cultural norms, religion, etc.), the results

originating from the isolated rational-agent models may not be truly reliable.

Reproduction is a domain of inquiry where non-economic (socio-cultural) forces cru-

cially influence the individual decision-making processes. A convincing case has recently

been put forth by de la Croix and Perrin (2018) who demonstrate that a parsimonious

rational-choice theory that assumes away non-economic dimensions can only explain a
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small fraction of variations in fertility. Other works, such as those of Leibenstein (1981),

Hull (1983), Montgomery and Casterline (1996), Akerlof (1997), Manski and Mayshar

(2003), Bernardi and Klärner (2014), and Ciliberto, Miller, Nielsen, and Simonsen (2016),

support the argument that non-economic phenomena, especially culture and formal and

informal institutions, have non-negligible effects on demographic change. Since fertility

decisions affect living standards through factor accumulation decisions in the long run,

understanding the patterns of demographic change in a satisfactory way is a critical task

for growth and development economists.

The goal of this chapter is to analyze how individual decisions on fertility are formed and

how they affect the (very) long-run patterns when social norms influence reproductive

behavior. The chapter relaxes the isolated individual assumption by forming a habit con-

straint that stems from the social hierarchy as in Montgomery and Casterline (1996). The

habit constraint resembles the consumption aspirations in de la Croix and Michel (1999)

and de la Croix (2001) and imposes a lower bound on fertility for each generation. The

results of the basic model can be summarized as follow:

• The model features multiple equilibria. When the initial state of equilibrium is

historically accurate, i.e., a small size of population and binding social norms that

dictate high fertility, the economy converges to a steady-state with either (i) high

fertility and no growth or (ii) high fertility and low growth.

• If social norms are binding in equilibrium, a child Q-Q trade-off does not exist.

This implies that parents cannot decrease the number of children to educate them.

Furthermore, parents’ potential incomes are restricted by relatively high childbear-

ing costs, and this renders investing in human capital accumulation a non-optimal

action.

• If the society is strictly conservative, i.e., if adult agents never question the exist-

ing social norms, the economy cannot converge to a modern growth equilibrium

throughout which fertility declines.

The basic model of this chapter, on the other hand, does not provide a fully accurate rep-

resentation of economic history. In reality, we have observed historical fertility transitions

in the developed societies of today, despite their pre-modern social norms that dictate high

fertility. The setup of the basic model does not allow for such a transition simply because

of strict conservatism that leads agents to obey the existing fertility norms. Conversely,

the transition from high to low fertility, as Baudin (2015) and T. E. Murphy (2015) show,

has been through the secularization and abandonment of social norms that dictate high

fertility. To capture the effects of such a secularization movement, this chapter also ana-
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lyzes an extended model that includes a secularization parameter and allows each gener-

ation to question the existing social norms to some degree. The extended model predicts

that, regardless of its initial position, an economy converges to an asymptotic equilibrium

where social norms are not binding and growth is of modern type characterized by fer-

tility declines. However, the transition to the equilibrium still depends on the historical

persistence of social norms and the degree of secularization. Depending on the initial

states, it may take a long time for relatively traditional and/or conservative societies to

escape stagnation.

It should be noted that even the extended model ignores some aspects of reality. To

begin with, the model assumes that all agents adhere to social norms and have the same

preferences. In reality, however, the impacts of social norms (or social incentives) and

economic rationale (or economic incentives) may vary among people. The differences

in beliefs, tastes, and social identities inevitably lead to significant variations in observed

preferences. In the context of this chapter, relatively secular individuals would prefer to

not to obey social norms while conservative individuals would have stronger aspirations

to follow traditions. As Postlewaite (2011) elaborates, determining an individual’s social

group exogenously and assuming that all individuals within the same group are identical

causes a model to deviate away from picturing the reality in a successful way.

Second, to obtain closed-form solutions, the basic and extended models does not incorpo-

rate cultural diffusion. Assuming away the diffusion of preferences and beliefs within the

society limits the usefulness of the analysis as demonstrated by Baudin (2010) and Bar-

El, García-Muñoz, Neuman, and Tobol (2013) whose cultural diffusion models provide

a more comprehensive understanding of fertility through direct and oblique socialization.

An attempt to extend the models studied in this chapter with direct and oblique social-

ization has resulted in analytically intractable results that may be explored further only

through the analysis of numerical solutions. This task is left for future.
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SUMMARY AND CONCLUSION

“[...] an adequate theory of economic conduct, even for statical purposes, cannot be

drawn in terms of the individual simply—as is the case with the marginal-utility

economics—because it cannot be drawn in terms of the underlying traits of human

nature simply; since the response that goes to make up human conduct takes place under

institutional norms and only under stimuli that have an institutional bearing; for the

situation that provokes and inhibits action in any given case is itself in great part of

institutional, cultural derivation.”

Veblen 1909, p. 629

In the last decades, the mainstream literature on growth and development has returned

to its classical political economy foundations; the way by which the total output of the

economy grows and how this growing output is distributed among the members of the

society. Especially since the Great Recession, there has been a growing interest in under-

standing what factors mainly determine within-country income and wealth inequalities

since growth does not necessarily trickle down to the wage earners. The distributions of

economic aggregates are as important as their accumulation since both phenomena in-

evitably affect each other. The causality may run through the economic channels as in

the case of less egalitarian income and wealth distributions preventing a larger portion of

agents to invest in human capital under credit constraints as in Galor and Moav (2004).

Or the causality may run through socio-political channels as in the case of social and po-

litical unrest caused by less egalitarian distributions repressing economic incentives as in

Alesina and Rodrik (1994) or resulting in unsustainable consumer debt expansion as in

Kumhof et al. (2015). The recent work of Berg, Ostry, Tsangarides, and Yakhshilikov

(2018), Brueckner and Lederman (2018), and Huber and Mayoral (2019) follow the pre-

vious works on underlining how adversely inequality affects economic outcomes.

The growing attention given to income and wealth inequalities has led economists to focus

on various sources of heterogeneity that shape distributions of income and wealth in the

long run. The origins of inequality can be traced back to intergenerationally transmitted
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endowments or traits such as inherited wealth via bequests (e.g., as in Gale and Scholz

(1994), Mulder et al. (2009)) or earning abilities via education (e.g., as in Castelló and

Doménech (2002) and De Nardi (2004)). The primary sources affecting the wealth and in-

come distributions in the long run are, therefore, closely related to how agents accumulate

physical and human capital. The economic incentives behind each form of capital accu-

mulation are established in the existing literature. What remains relatively unexplored

is the role of social motives and norms. The boundaries of the conventional economic

theory need to be extended to integrate the social sphere with individual decision-making

in order to achieve a more satisfactory analysis of the accumulation processes.

The goal of this thesis is to address the aspects of human behavior that the existing lit-

erature largely assumes away: Decision makers in the real world are not strictly isolated

from each other, and both their preferences and their choices are interdependent. Further-

more, the socially constructed factors that connect these real-world decision makers to

each other are transmitted across generations, causing historical persistence in these fac-

tors. Surely, that social dimensions of human behavior exist and are not less significant

than economic incentives have been acknowledged in the literature before, with Veblen

(1898a, 1898b, 1899), Duesenberry (1949) and Leibenstein (1950) being the pioneers of

this line of thought. However, the analytical simplicity of frameworks with isolated agents

and the belief that economic incentives are strong enough to offset the effects of social

incentives seem to have legitimized the exclusion of the social aspects. In this respect,

this thesis aims at investigating the role of social motives and norms behind the typical

decision-making processes. The thesis constructs two OLG GE models in Chapters 1 and

2 focusing on physical and human capital, respectively.

The first chapter of the thesis, entitled Status Preferences, Wealth Inequality and En-

dogenous Growth, aims at capturing the effects of social motives on growth and wealth

inequality. The chapter introduces a discrete-time, heterogeneous agent, OLG GE model

where agents are linked through status-seeking motive and social status is represented

by their relative wealth. The social motive that is tied to the relative wealth affects (i)

physical capital accumulation and growth, and (ii) the evolution of wealth inequality. The

analysis in that chapter yields several distributional and welfare-related implications:

• Under the assumption that preferences are inherited in each dynasty and are i.i.d.

among all dynasties, economic growth and wealth distribution are affected by the

same set of factors. Higher average saving rate increases the balanced growth rate

and leads to a more egalitarian steady-state distribution of detrended wealth, and

higher elasticity of capital reduces the rate of economic growth and increases wealth
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inequality.

• The variations in preferences (both the bequest and status-seeking motives) explain

the steady-state variance of the detrended wealth distribution and result in persistent

inequality in the long run. Large variances of either one of the preference parame-

ters can cause the variance of detrended wealth distribution to explode, creating a

rationale to tax capital income and redistribute the revenue. Capital income taxation

reduces wealth inequality without affecting the rate of economic growth.

• If the status-seeking motive is sufficiently strong, it generates negative externalities

on welfare that offset the positive effects associated with growth. An extension of

the model with a two-class society of leisure and working classes shows that, if the

size of the working class is sufficiently large or if the average status-seeking motive

of the leisure class is sufficiently strong, taxing capital income and redistributing

the revenue optimize the utilitarian social welfare.

The second chapter of the thesis, entitled Social Norms, Fertility, and Human Capital

Accumulation, focuses on how fertility habits in the form of social norms affect human

capital accumulation. The chapter assumes that reproductive behavior of agents is based

on both social and economic foundations. The chapter constructs a discrete-time, OLG

GE model where social norms affect fertility decisions through a habit constraint that de-

termines the minimum number of children each agent can have. The model allows for

zero-growth in human capital and captures a transition from long periods of stagnation to

an era of perpetual growth. Its results have several implications for the observed demo-

graphic trends and underdevelopment:

• Social norms, if binding, can prevent parents to substitute between fertility and

education, thereby leading them to not to invest in education.

• If agents in an economy are strictly conservative, i.e., if they do not question exist-

ing social norms, the economy cannot escape stagnation. Secularization can ensure

that the economy escapes from stagnation and transits to an asymptotic equilibrium

where growth based on human capital accumulation is perpetual.

• How traditional and/or conservative a society is can explain its failure to experience

a growth take-off. Even if the existing technology and childbearing costs form an

economic motive to initiate a demographic transition, stronger social incentives can

prevent people from decreasing fertility and result in slow economic growth with

an expanding population.

• Slow or no secularization in societies with patriarchal norms can hinder female

labor force participation and gender equality.
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It has been roughly 250 years since Adam Smith wrote The Wealth of Nations and planted

the seeds of economics as a social science, and it has been roughly 120 years since

Thorstein Veblen wrote The Theory of the Leisure Class and emphasized the social in-

fluences on human behavior. However, economists have largely neglected the effects of

the socio-political and socio-cultural environments on human behavior. More specifically,

social motives and social norms have not become the central ingredients of canonical

models of growth and development.

The last decades, on the other hand, have seen a renaissance in growth and develop-

ment literatures. Theorists have incorporated income and wealth heterogeneity into for-

mal macroeconomic models. They have developed endogenous growth and persistent

poverty models. They have unified these two types of models to explain stagnation and

growth of an economy in the very long run within a single framework. Social motives

and social norms are now taken as essential aspects of economic outcomes concerning

growth and welfare by an increasingly many economists. This thesis contributes to the

ongoing recognition of economic agents as social beings by analyzing how social motives

and social norms affect endogenous growth and inequality patterns in the long run.
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APPENDIX 1

PROOFS OF CHAPTER 1

Proof of Proposition 1.1

The concavities of the household’s problem (1.7) and the firm’s problem (1.10) guarantee

that the FOCs for these problems solve the problems and the solutions are unique.

Rearranging the FOC (1.11), and multiplying both sides with XtL j,t yields

Kj,t =
( rt

α

)( 1
α−1)

XtL j,t . (A.1.1)

Substituting Kj,t in (1.15) gives

∫ 1

0
ai,tdi =

∫ 1

0

( rt

α

)( 1
α−1)

XtL j,td j (A.1.2)

which, after substituting
∫ 1
0 ai,tdi = At and (1.5) in can be written as

At =
( rt

α

)( 1
α−1)ψAt

∫ 1

0
L j,td j. (A.1.3)

The labor market clearing condition (1.14) implies
∫ 1
0 L j,td j = 1. Substituting the labor

market clearing condition in (A.1.3) and rearranging terms return (1.16), where rt = r is

the interest rate that clears the capital market for all t ∈ {0,1, ...}. Dividing (A.1.1) by

XtL j,t and substituting (1.12) in returns

wt = (1−α)Xt

( rt

α

)( α
α−1)

. (A.1.4)

Plugging r in (A.1.4) gives wt as in (1.17) which satisfies the zero-profit condition for all

t ∈ {0,1, ...}. Substituting r and wt in (1.8) returns (1.18). Finally, substituting ai,t+1 in
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(1.6) yields (1.19). Q.E.D.

Proof of Proposition 1.2

That there exists a unique solution to the SGE from Proposition 1.1 for any t and the

law of motion (1.21) is a real-valued function prove a unique DGE for the entire history

exists. Q.E.D.

Proof of Proposition 1.3

From (1.19), the aggregate consumption level ct reads

∫ 1

0
ci,tdi≡ ct =

∫ 1

0
ψ1−α (1−λi) [αai,t +(1−α)At ]di (A.1.5)

which, since λi and ai,t are independently distributed, reduces into

ct = (1−μλ )ψ1−αAt . (A.1.6)

From (1.13), (1.18) and (A.1.6), the aggregate output Yt is given by

∫ 1

0
Yj,td j ≡ Yt = μλ ψ1−αAt . (A.1.7)

Iterating (A.1.6) and (A.1.7), dividing by themselves, and dividing (1.21) by At return

ct+1

ct
=

Yt+1

Yt
=

At+1

At
= μλ ψ1−α ≡ Gt (A.1.8)

where Gt is the gross growth rate of ct , Yt and At . With Gt being time-independent the

growth rates of ct , Yt and At are the same for the entire history. Thus, Gt ≡ G∗ and the

economy is on a BGP for all t = {1,2, ...}. Q.E.D.

Proof of Proposition 1.4

Taking the derivative of (1.23) and dividing both sides by At return

∂ui,t

∂At
=

1−α
αai,t +(1−α)At

− γi

At
. (A.1.9)
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∂ui,t/∂At > 0 requires

γi

At
>

1−α
αai,t +(1−α)At

. (A.1.10)

Multiplying both sides by At yields γ̂i,t as in Proposition 1.4. Taking the derivative of γ̂i,t

with respect to si,t returns

∂ γ̂i,t

∂ si,t
=− α (1−α)

(αsi,t +1−α)2
< 0. (A.1.11)

Q.E.D.

Proof of Proposition 1.5

Utilizing the equation of motion (1.26), the status of an agent at its steady-state, s∗i is

solved via

s∗i =
αλi

μλ
s∗i +

(1−α)λi

μλ
(A.1.12)

which, after rearranging terms, returns (1.27). Q.E.D.

Proof of Proposition 1.6

Utilizing the equation of motion (1.31), the expected value of si,t at the steady-state, μ∗s is

solved via

μ∗s = αμ∗s +1−α, (A.1.13)

which implies μ∗s = 1. The variance of si,t at the steady-state, σ2∗
s is solved via the

equation of motion (1.32) such that

σ2∗
s =

α2
(
σ2

λ +μ2
λ
)

σ2∗
s

μ2
λ

+
(αμ∗s +1−α)2 σ2

λ
μ2

λ
. (A.1.14)

Rearranging terms and plugging μ∗s = 1 in return σ2∗
s as in (1.36). Suppose that

σ2
λ =

(
1−α2

)
μ2

λ + ε
α2
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where ε ≥ 0 and μs,t = μ∗s = 1. (1.32) would then become

σ2
s,t+1 =

α2

[
(1−α2)μ2

λ+ε
α2 +μ2

λ

]
σ2

s,t

μ2
λ

+

(
1−α2

)
μ2

λ + ε
α2μ2

λ

=

(
1+

ε
μ2

λ

)
σ2

s,t +

(
1−α2

)
μ2

λ + ε
α2μ2

λ
> σ2

s,t ∀t. (A.1.15)

Q.E.D.

Proof of Proposition 1.7

(1.15) clears the capital market and

∫ 1

0
Yj,td j =

∫ 1

0
ci,tdi+

∫ η

1
cν ,tdν +

∫ 1

0
ai,t+1di,and (A.1.16)

∫ η

1
1dν =

∫ 1

0
L j,td j (A.1.17)

respectively clear the good and labor markets.

Since the working class does not face a maximization problem, there are two problems

in the economy, namely those of the leisure class’ problem (1.59) and the producer’s

problem (1.10). As in the proof of Proposition 1.1, the concavities of both problems

guarantee that the FOCs solve the problems and the solutions are unique.

The procedure of the proof of Proposition 1.1, only with the exception of changing the

labor market clearing condition to
∫ 1
0 L j,td j = η−1 solves the market clearing rt and wt

as in (1.63) and (1.64) respectively. (1.65) is obtained by substituting rt in the FOC of the

leisure class’ problem, which is

ai,t+1 = λi (1− τ)rtai,t , (A.1.18)

and (1.66) is obtained by substituting (1.65) in (1.58).

(1.63) and (1.65) solve the aggregate capital stock at t +1 as

At+1 = μλ (1− τ)αψ1−α (η−1)1−α At . (A.1.19)

Since there exists a unique solution to the SGE of this model for any t and the law of
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motion (A.1.19) is a real-valued function, assuming that λi ∈ [λmin,λmax] such that λmax <

1 and

λmin >
1

r (1− τ)
=

1

αψ1−α (η−1)1−α (1− τ)
(A.1.20)

or equivalently

ψ >
1

[α (1− τ)λmin]
1

1−α (η−1)
(A.1.21)

imply that the asset stocks of the leisure class households are non-decreasing over time.

This implies

lim
t→+∞

ai,t > 0 ∀i ∈ [0,1] (A.1.22)

and a unique DGE exists for the entire history.

Finally, that a unique BGP exists can be shown by following the same procedure with that

of the proof of Proposition 1.3. Dividing (A.1.19) by At returns G∗ as in

G∗ = μλ (1− τ)αψ1−α (η−1)1−α , (A.1.23)

which does not depend on t, indicating that the economy is on a BGP for the entire

history. Q.E.D.

Proof of Proposition 1.8

Substituting (1.63), (1.65) and (1.66) in (1.3) returns the total welfare of the leisure class

∫ 1

0
ui,tdi =

(
1−μγ

)
ln(1− τ)+

∫ 1

0
[φi +ρi]di (A.1.24)

where

ρi,t = (1− γi) ln
[
α (η−1)1−α

]
+ ln(ai,t)+ ln(At) .

Substituting (1.60), (1.62), (1.63) and (1.64) in (1.61) returns the total welfare of the

working class

∫ η

1
uν ,tdν = ζt +(η−1) ln(1−α + τα) (A.1.25)
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where

ζt = (η−1) ln
[
ψ1−α (η−1)−α At

]
.

With (1.68), (A.1.24) and (A.1.25), the government’s problem can be written as

max
τ

(
1−μγ

)
ln(1− τ)+(η−1) ln(1−α + τα)+ζt +

∫ 1

0
[φi +ρi]di

subject to τ ≥ 0.

(A.1.26)

The concavity of the problem indicates that the FOC returns the unique solution to the

problem. The FOC is

τ :
α (η−1)

1−α + τα
− 1−μγ

1− τ
≤ 0, τ ≥ 0, τ

[
α (η−1)

1−α + τα
− 1−μγ

1− τ

]
= 0 (A.1.27)

which solves τ as in (1.69). Q.E.D.
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APPENDIX 2

PROOFS OF CHAPTER 2

Proof of Proposition 2.1

Start with the firm’s problem. The quasi-concavity of the maximization problem guar-

antees that the FOC is necessary and sufficient for a maximum. Given (2.10), firms are

indifferent in the amounts of labor to employ and the consumption goods to produce. For

(2.14) and (2.15) to hold, they employ all the labor supplied by households and produce

what the households demand.

Turning the attention to the household’s problem, the concavity of the maximization prob-

lem again guarantees that the FOCs are necessary and sufficient for a maximum. The

FOCs for (2.13) are

et :− nt

(1−ζtnt)ht− etnt
+

γη
et +σ

≤ 0, et ≥ 0, (B.2.1)

nt :− ζtht + et

(1−ζtnt)ht− etnt
+

γ
nt

+λt = 0, (B.2.2)

λt : nt− xt ≥ 0, λt [nt− xt ] = 0, λt ≥ 0. (B.2.3)

There are four possible scenarios with et ≥ 0 and nt ≥ xt . First, solving the FOCs for

et = 0 and nt = xt yields

γη
σ
≤ xt

(1−ζtxt)ht
, λt =

ζtxt− γ + γζtxt

x(1−ζtxt)
. (B.2.4)

The former condition requires

ζtxt ≥ 1− σxt

γηht
≡Θt (B.2.5)
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and λt ≥ 0 returns

ζtxt ≥ γ
1+ γ

≡ Γ. (B.2.6)

Combining (B.2.5) and (B.2.6) implies

et = 0∧nt = xt ⇔ ζtxt ≥Θt ∧ζtxt ≥ Γ. (B.2.7)

Then, solving the FOCs for et = 0 and nt > xt returns

nt

(1−ζtxt)
≥ γη

σ
,

γ
nt

=
ζtht

(1−ζtxt)
. (B.2.8)

Rearranging terms in the latter condition gives nt as in

nt =
γ

(1+ γ)ζt
. (B.2.9)

Substituting nt in the other condition yields

ζt ≤ σ
ηht

. (B.2.10)

Multiply both sides of (B.2.10) with xt to obtain

ζtxt ≤ σxt

ηht
≡ Ξt . (B.2.11)

nt > xt , (B.2.9) and (B.2.11) together indicate

nt =
γ

(1+ γ)ζt
∧ et = 0⇔ ζtxt < Γ∧ζtxt ≤ Ξt . (B.2.12)

Going forward, solving (B.2.1) for et > 0 and nt = xt returns

γη
et +σ

=
xt

(1−ζtxt)ht− xtet
(B.2.13)

which, after rearranging the terms gives et as in

et =
γη (1−ζtxt)ht−σxt

(1+ γη)xt
, (B.2.14)
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and et > 0 implies

ζtxt < Θt . (B.2.15)

Solving (B.2.2) for et > 0 and nt = xt returns

λt =
ζtht + et

(1−ζtxt)ht− xtet
− γ

xt
. (B.2.16)

After substituting et from (B.2.14) in (B.2.16), λt ≥ 0 requires

ζtxt ≥ γ (1−η)

1+ γ
+

σxt

ht
≡Φt . (B.2.17)

nt = xt , (B.2.14), (B.2.15) and (B.2.17) together imply

et =
γη (1−ζtxt)ht−σxt

(1+ γη)xt
> 0∧nt = xt ⇔ ζtxt < Θt ∧ζtxt ≥Φt . (B.2.18)

Finally, for et > 0 and nt > xt , solving (B.2.1) returns

et =
γη (1−ζtnt)ht−σxt

(1+ γη)nt
, (B.2.19)

and solving (B.2.2) returns

nt =
γht

(1+ γ)(ζtht + et)
. (B.2.20)

Solving (B.2.19) and (B.2.20) for et and nt gives both variables as in

et =
ηζtht−σ
1−η

, nt =
γ (1−η)ht

(1+ γ)(ζtht−σ)
. (B.2.21)

From (B.2.21), et > 0 requires

ζt >
σ

ηht
(B.2.22)

and nt > xt requires

ζt >
γ (1−η)

(1+ γ)xt
+

σxt

ht
. (B.2.23)
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Multiplying both sides of both (B.2.22) and (B.2.23), and (B.2.21) together imply

et =
ηζtht−σ
1−η

> 0∧nt =
γ (1−η)ht

(1+ γ)(ζtht−σ)
> xt ⇔ ζtxt > Ξt ∧ζtxt < Φt . (B.2.24)

The combination of (B.2.7), (B.2.12), (B.2.18) and (B.2.24) shows the conditions for the

results summarized in Proposition 2.1. Q.E.D.

Proof of Lemma 2.1

This proof has two parts. The first part covers the relative positions of threshold levels of

ζtxt and the second part covers the case where ht →+∞.

Given ζt , ht , and xt < x̃t , the relative positions of the four thresholds read

Ξt < Φt , Φt < Γ, and Γ < Θt .

The transitivity of binary relations in R implies that given ζt and ht ,

• Ξt < Φt < Γ < Θt for xt < x̃t and

• Θt < Γ < Φt < Ξt for xt > x̃t .

All thresholds are equal to each other when xt = x̃t .

When ht goes to infinity, x̃t , Ξt and Θt are

lim
ht→+∞

x̃t = lim
ht→+∞

γη
(1+ γ)σ

ht →+∞,

lim
ht→+∞

Ξt = lim
ht→+∞

σxt

ηht
= 0,

lim
ht→+∞

Θt = lim
ht→+∞

1− σxt

γηht
= 1

(B.2.25)

respectively. This implies that when ht goes to infinity, (i) xt remains below x̃t and (ii) Ξt

and Θt are no more binding. Q.E.D.

Proof of Proposition 2.2

That there exists a unique solution to the SGE from Proposition 2.1 for any t and the laws

of motion (2.4), (2.7), and (2.20) are real-valued functions prove that a unique DGE for

the entire history exists. Q.E.D.
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Proof of Lemma 2.2

Dividing (2.20) for Nt+1 < N̄ and (2.4) by ζt and xt respectively returns conditional

dynamics given in Lemma 2.2. Q.E.D.

Proof of Proposition 2.3

(2.7) and (2.17) solve Gt for each of the four regimes.

The initial education expenditure trivially results in Gt > 1. Suppose that the economy

is in Regime 3 and let GRegime 3
t denote Gt in this regime. With ∂GRegime 3

t /∂ht < 0,

GRegime 3
t decreases in ht . Given ζt and xt , the lowest GRegime 3

t is obtained from

lim
ht→+∞

GRegime 3
t = τ

[
γη (1−ζtxt)

1+ γη

]η
,

which is greater than one for

τ >

[
1+ γη

γη (1−ζtxt)

]η
. (B.2.26)

Gt decreases in ζt and xt with GRegime 3
t /∂ζt < 0 and GRegime 3

t /∂xt < 0. The proof of

Lemma 2.1 shows that the economy requires at least x < x̃ to operate within Regime 3

and ζ̄ is the upper bound of ζt . Substituting these maximum values in (B.2.26) returns

the strongest condition required for a sufficiently large τ as

τ >

[
1+ γη

γη
(
1− ζ̄ x̃t

)
]η

. (B.2.27)

Now, suppose that the economy is in Regime 4 and let GRegime 4
t denote Gt in this regime.

GRegime 4
t increases in ht and ζt with ∂GRegime 4

t /∂ht > 0 and ∂GRegime 4
t /∂ζt > 0. The

economy operates either below the ζ ζ locus or above it. If the economy operates below

ζ ζ , ζt increases over time, and GRegime 4
t remains greater than one. If the economy is

above ζ ζ , ζt decreases over time. The lower bound of ζt in this regime is naturally equal

to its value on ζ ζ . Substituting ζt from (2.26) in GRegime 4
t returns

GRegime 4
t |ζt=

γ(1−η)
1+γ + σ

ht
= τ

(
1+ γ
γη

)η
, (B.2.28)
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which is above one for a sufficiently large τ as in

τ >

(
1+ γ
γη

)η
. (B.2.29)

Q.E.D.

Proof of Proposition 2.4

The first part of the proof shows under which parameter values and state vectors that the

economy remains in Regime 1, while the second part proves the existence of the steady-

state equilibrium under certain parameter values.

First, let x0, ζ0 and h0 be the initial state variables such that ζ0x0 ≥ Γ and ζ0x0 ≥Θ0, i.e.,

the economy is in Regime 1 where nt = xt and et = 0.

(2.18) and (2.21) imply that ζ1/ζ0 is greater than 1 for x0 > 1, equal to 1 for x0 > 1, and

less than 1 for x0 < 1. (2.18) and (2.22) implies that x1 = x0.

As for the threshold levels of ζtxt which the economy needs to satisfy in order to remain

in Regime 1, Θt is increasing in ht and decreasing in xt , and Γ is a constant. That et = 0

in Regime 1 implies ht = ht+1. A constant ht and a constant xt jointly imply that Θt , thus

both threshold levels, does not change when the economy is in Regime 1. The path of the

economy depending on x0 and the changes in ζt is as follows:

• ζt decreases over time for x0 < 1. xt+1/xt = 1 and ζt+1/ζt < 1 imply

ζt+1xt+1/ζtxt < 1. Thus, ζtxt violates either ζtxt ≥ Γ or ζtxt ≥ Θt at some t and

the economy escapes from Regime 1.

• x0 = 1 implies ζt+1/ζt = 1. Since variables in zt do not change over time, ζtxt

violates neither threshold and the economy continues to operate in Regime 1 for the

remaining history.

• x0 > 1 implies ζt+1/ζt > 1. xt+1/xt = 1 and ζt+1/ζt > 1 imply ζt+1xt+1/ζtxt > 1.

Since both conditions to operate in Regime 1 require ζtxt to be greater than some

threshold levels which remain constant over time, an increasing ζtxt imply that the

economy remains in Regime 1 forever.

Thus, given ζ0x0 ≥ Γ and ζ0x0 ≥ Θ0, the economy remains in Regime 1 for the entire

history for x0 ≥ 1.

Next, the intersection of the state vectors within Regime 1, xx locus, and ζ ζ locus returns

the state vectors under which the steady-state equilibrium exist. xt+1/xt = 1 for all state
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vetors within Regime 3 guarantees that any xt such that ζtxt ≥ Γ and ζtxt ≥ Θt is an

element of xx.

As for ζ ζ : Taking the limit of ζt+1 ζt with t →+∞ yields

lim
t→+∞

ζt+1

ζt
= lim

t→+∞
xα
0 = xα

0 . (B.2.30)

Consider x0 > 1. Nt trivially increases over time, and reaches to N̄ at some point. With

ζt+1 = ζt = ζ̄ for the remaining history, ζ ∗ = ζ̄ is an element of ζ ζ . Therefore, there is

a steady-state equilibrium in Regime 1 with state vector
(
x∗, ζ̄ ,h∗

)
where x∗ ∈ (1, x̄] and

h∗ ∈ [1,+∞).

xt = x0 = 1 imply xα
0 = 1, which, together with (B.2.30) indicate that any ζ0 = ζ ∗ is

an element of ζ ζ . The minimum value of ζ ∗ that satisfies the constraints for Regime 1

solves the minimum for the ζ ∗ set of the steady-state equilibrium. The proof of Lemma

2.1 shows that the more stringent constraint for Regime 1 depends on whether x0 = 1< x̃t

or not.

• Θt > Γ for 1 < x̃t . Dividing Θt by x0 = 1 returns the minimum ζ ∗ that lies within

Regime 1. Therefore, there is a steady-state equilibrium in Regime 1 with the state

vector (1,ζ ∗,h∗) where ζ ∗ ∈
[
1− σ

γηh∗ , ζ̄
]
and h∗ ∈ [1,+∞). The existence of the

equilibrium requires at least one state vector to satisfy the constraints for Regime 1.

• Γ > Θt for 1 > x̃t . Dividing Γ by x0 = 1 returns the minimum ζ ∗ that lies within

Regime 1. Therefore, there is a steady-state equilibrium in Regime 1 with the state

vector (1,ζ ∗,h∗) where ζ ∗ ∈
[

γ
1+γ , ζ̄

]
and h∗ ∈ [1,+∞). The existence of the equi-

librium requires at least one state vector to satisfy the constraints for Regime 1.

Q.E.D.

Proof of Proposition 2.5

This proof follows a similar path with that of the proof of Proposition 2.4.

Let x0, ζ0 and h0 be the initial state variables such that ζ0x0 < Θ0 and ζ0x0 ≥Φ0, i.e., the

economy is in Regime 3 where nt = xt and et > 0. Both ζt and xt have the same dynamics

as in the Proof of Proposition 2.4.

As for the threshold levels of ζtxt which the economy needs to satisfy in order to remain

in Regime 3, Θt is increasing in ht and decreasing in xt , and Φt is decreasing in ht and
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increasing in xt . That et > 0 in Regime 3 implies ht+1/ht > 1 which is the case for all

t as long as the economy operates in Regime 3, according to the proof of Proposition

2.3. ht+1/ht > 1 and a xt+1/xt = 1 jointly imply that Θt increases over time while Φt

decreases.

• ζt decreases over time for x0 < 1. xt+1/xt = 1 and ζt+1/ζt < 1 imply

ζt+1xt+1/ζtxt < 1. Thus, ζtxt violates ζtxt ≥ Φt at some t and the economy moves

to Regime 4 from Regime 3.

• x0 = 1 implies ζt+1/ζt = 1. ζtxt remains constant over time, it neither exceeds an

increasing Θt not falls behind a decreasing Φt , and the economy remains in Regime

3 forever.

• x0 > 1 implies ζt+1/ζt > 1. xt+1/xt = 1 and ζt+1/ζt > 1 imply ζt+1xt+1/ζtxt > 1.

ζtxt does not fall below Φt as long as it operates within Regime 3. However,

whether it remains below Θt or not is uncertain, because both ζtxt and Θt are in-

creasing over time. Assume that the economy remains in Regime 3 for a sufficiently

long time such that Θt , as in the proof of Lemma 2.1, converges to 1. Then, the

economy remains in Regime 3 forever.

Thus, given ζ0x0 < Θt and ζ0x0 ≥ Φ0, the economy remains in Regime 3 for the entire

history for x0 ≥ 1.

Next, the intersection of the state vectors within Regime 3, xx locus, and ζ ζ locus returns

the state vectors under which a steady-state equilibrium exist. xt+1/xt = 1 for all state

vetors within Regime 1 guarantees that any xt such that ζtxt < Θt and ζtxt ≥ Φt is an

element of xx.

Suppose that t → +∞. The proof of Lemma 2.1 shows that Θt → 1. For given ζ0, Φt

becomes

lim
t→+∞

Φt =
γ (1−η)ht

(1+ γ)(ζ0ht−σ)
=

γ (1−η)

(1+ γ)ζ0
. (B.2.31)

Assume that x0 > 1. Nt increases over time, and reaches to N̄ at some point. With ζt+1 =

ζt = ζ̄ for the remaining history, ζ ∗ = ζ̄ is an element of ζ ζ . Therefore, there is a steady-

state equilibrium in Regime 3 with state vector
(
x∗, ζ̄ ,h∗

)
where x∗ ∈ (1, x̄] and h∗ →+∞.

As for x0 = 1, the existence of a steady-state equilibrium requires a ζtxt that satisfies

ζtxt ≥ Φt for all t. Solving lim
t→+∞

Φt = ζ ∗ returns the minimum ζ ∗ that is an element of

the steady-state. The state vector (1,ζ ∗,h∗) such that ζ ∗ ∈
[

γ(1−η)
1+γ , ζ̄

]
, and h∗ → +∞ is

a steady-state equilibrium. Q.E.D.
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Proof of Proposition 2.6

This proof seeks to demonstrate once the model economy enters Regime 4 with x0 < 1, it

converges to a unique steady-state for t →+∞.

(2.24) and (2.27) imply that

xt =
γ (1−η)ht

(1+ γ)(ζtht−σ)
, and (B.2.32)

ζt =
γ (1−η)

1+ γ
+

σ
ht

(B.2.33)

are the xx and ζ ζ loci in Regime 4 respectively. The optimum education expenditure is

positive in Regime 4, and Lemma 2.1 shows that human capital is increasing with positive

education expenditure. Taking the limits of ζ ζ and xx for t →+∞ respectively return

lim
t→+∞

ζt =
γ (1−η)

1+ γ
+

σ
lim

t→+∞
ht

=
γ (1−η)

1+ γ
= ζ ∗, and (B.2.34)

lim
t→+∞

xt =
γ (1−η) lim

t→+∞
ht

(1+ γ)
(

ζt lim
t→+∞

ht−σ
) =

γ (1−η)

(1+ γ)ζ ∗
= x∗. (B.2.35)

(B.2.34) and (B.2.35) solve the unique ζ ∗ and x∗ when ht goes to infinity as in

ζ ∗ =
γ (1−η)

1+ γ
and x∗ = 1. (B.2.36)

Assume that the economy enters Regime 4 with x0 ≥ 1. (2.22) shows that xt increases in

Regime 4 which, in this case, means that xt diverges from x∗ = 1. The proof of Lemma

2.1 shows that ζtxt exceeds Φt but remains below Θt and the economy enters Regime 3.

Therefore, the economy cannot converge to a steady-state in Regime 4 with x0 > 1.

Now, assume that the economy enters Regime 4 with x0 < 1 and N0 < N̄. The proof of

Proposition 2.3 shows that ht increases with et and goes to infinity for t →+∞.

Let XT ≡ (xt ,ζt) be the vector that contains the elements xt and ζt , and J be the Jacobian

matrix governing the dynamical system of X . Also, let Δxt and Δζt be

Δxt = xt− x∗ (B.2.37)
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and

Δζt = ζt−ζ ∗ (B.2.38)

respectively, and ΔXT ≡ (Δxt ,Δζt). Using a Taylor series expansion, the linear approxi-

mation of the system becomes

ΔXt = JΔXt−1 (B.2.39)

Linearizing the system around the steady-state at t → +∞ and normalizing returns the

explicit matrix expression

⎡
⎢⎣Δxt

Δζt

⎤
⎥⎦=

⎡
⎢⎣ψ −(1−ψ)(1+γ)

γ

0 1−α

⎤
⎥⎦
⎡
⎢⎣Δxt−1

Δζt−1

⎤
⎥⎦ (B.2.40)

where the eigenvalues of the coefficient matrix, ψ and 1− α , satisfy 0 < ψ < 1,

0< 1−α < 1 and ψ = 1−α , implying that the system is a stable node. Q.E.D.

Proof of Proposition 2.7

That the economy converges to the steady-state defined in Proposition 2.7 in Regime 4,

which is characterized by non-binding social norms, guarantees that the economy would

have converged to this steady-state if the fertility habit constraint was not introduced.

The proof of Proposition 2.3 shows that GRegime 3
t is decreasing in both ζt and xt . The

steady-state in Proposition 2.7 is in Regime 3 and it has the lowest values for both x∗ and
ζ ∗, which implies that it returns the highest G∗ among all possible steady-state growth

rates of the model economy. Q.E.D.

Proof of Proposition 2.8

Assume that the economy is initially in Regime 2 with ζ0x0 < Γ, ζ0x0 ≤ Ξt , and

x0 > 1. These, alongside (2.4), (2.18), (2.21), and (2.22) imply ζt+1/ζt > 1, xt+1/xt

ζt+1xt+1/ζtxt > 1. Since the condition to operate in Regime 2 requires ζtxt to remain

below two thresholds, it violates either condition at some t.

Note that the proof of Lemma 2.1 shows that Γ < Ξt for x̃t < xt . (2.22) implies the growth

of xt depends on how large ψ is. For lower values of ψ , the growth of xt is relatively high

such that xt exceeds x̃t , and ζtxt first exceeds the smaller threshold, Γ. The economy then
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enters Regime 1, and as the proof of Proposition 2.4 shows, remains in Regime 1 for the

remaining history.

If, on the other hand, ψ is relatively large such that xt does not exceed x̃ for a (very) long

time, ζtxt exceeds Ξt but remains below Φt and the economy enters Regime 4. However,

with xt > 1, as shown in the proof of Proposition 2.6, it eventually enters Regime 3 and

operates in this regime for the remaining history. Q.E.D.

Proof of Proposition 2.9

Following the proof of Proposition 2.1 with substituting xt with ξ xt solves the SGE of the

extended model. The conditions for Regimes 1, 2, 3 and 4 become

et = 0∧nt = ξ xt ⇔ ζtxt ≥ Θ̂t ∧ζtxt ≥ Γ̂,

et = 0∧nt =
γ

(1+ γ)ζt
> ξ xt ⇔ ζtxt ≤ Ξt ∧ζtxt < Γ̂,

et =
γη (1−ξ ζt)ht−ξ σxt

(1+ γη)xt
> 0∧nt = ξ xt ⇔ ζtxt < Θ̄t ∧ζtxt ≥ Φ̄t ,

et =
ηζtht−σ
1−η

> 0∧nt =
γ (1−η)ht

(1+ γ)(ζtht−σ)
> ξ xt ⇔ ζtxt ≥ Ξt ∧ζtxt ≥ Φ̂t

(B.2.41)

respectively, where

Γ̂≡ Γ
ξ
, Θ̂t ≡ Θt

ξ
, Φ̂t ≡ Ψt

ξ
.

Q.E.D.

Proof of Proposition 2.10

That there exists a unique solution to the extended model’s SGE from Proposition (2.9)

for any t and the laws of motion (2.4), (2.7), and (2.20) are real-valued functions prove

that a unique DGE of the extended model for the entire history exists. Q.E.D.

Proof of Proposition 2.11

This proof seeks to demonstrate that, when the economy is at an initial state with e0 = 0

being optimum, education expenditure inevitably starts at some period t̃. The first part of

the proof, as in the proof of Lemma 2.1, shows that the relative positions of the threshold

levels of ζtxt depend on whether xt is above or below a threshold, ξ x̃t . Utilizing the first
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part, the second part shows that the economy eventually enters a regime where positive

education expenditure is optimum. The final part shows that the economy ultimately ends

up in Regime 4 regardless of its initial state.

Substituting each xt with ξ xt in the proof of Lemma 2.1 shows that, the relative positions

of the threshold levels of ζtxt defined in the proof of Proposition 2.9 depend on whether

xt > ξ x̃t or not. Figure 24 illustrates the relative positions of the threshold levels of ζtxt

for the extended model.

0

Regime 2

Ξt

Regime 4

Φ̂t Γ̂

Regime 3

Θ̂t

Regime 1

1

xt < ξ x̃t

0 Θ̂t

Regime 2

Γ̂ Φ̂t Ξt

Regime 1

1

xt > ξ x̃t

0

Regime 4

Φ̂t Γ̂

Regime 3

1

ht →+∞

Figure 24: ζtxt Intervals of the Extended Model for Regimes 1, 2, 3 and 4

Assume that the initial state of the economy is within Regime 2 and x0 > 1. That xt

decrease above and increase below the xx-locus guarantee once the state vector reaches

to the xx-locus, the state vector continues to move along it. ζt+1/ζt > 1 and xt+1/xt = 1

(when on the xx-locus) imply ζt+1xt+1/ζtxt > 1, thus the economy escapes the regime at

some t̃. Note that since all points on the xx-locus lie below Γ̂, and the state vector moves

along the xx-locus, ζt̃ xt̃ can only, and does, exceed Ξt̃ and the economy enters Regime 4.

Now, assume that the economy is initially in Regime 1 with x0 > 1. Initially, xt+1/xt < 1

while ζt+1/ζt > 1 as a result of the increasing population size. That xt has a lower bound
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of 0, and ζt has a positive upper bound guarantee that at some point, ζtxt will start to

decrease and violate either one of the conditions to operate in Regime 1. The economy

can follow two paths from here, depending on ψ and ξ . For relatively high ψ and ξ , (2.4)

and (2.30) show that | xt+1/xt | is close to 1, i.e. the changes in xt are relatively small

such that the economy operates at relatively high xt for a long time. Since xt+1/xt < 1, xt

eventually falls below ξ x̃t , but when in Regime 1. With a decreasing ζtxt , the economy

then enters to Regime 3 where education expenditure is positibe.

The second path of the economy is as follows: With relatively smaller ψ and ξ , | xt+1/xt |
is relatively small (i.e. xt decreases rapidly) and xt falls below ξ x̃t relatively quick, i.e., at

relatively low levels of ζtxt . Figure 24 shows that in this case, the economy enters Regime

2. Then, it follows the steps that it would have followed if the initial state of the economy

was in Regime 2.

Finally, assume that the economy is in Regime 3 at some t. This regime only exists

for xt < ξ x̃t . Recall that xt+1/xt < 1. Also note that ζt+1/ζt is greater than 1 for

ξ xt > 1, equal to 1 for ξ xt = 1, and smaller than 1 for ξ xt < 1. Thus, with a declining

xt , it is trivial that the economy eventually escapes Regime 3 and enters Regime 4. Q.E.D.

Proof of Proposition 2.12

The unique equilibrium is in Regime 4 where xx and ζ ζ intersect. Note that this Regime

is where social norms are not binding on individuals’ decisions, as in the Regime 4 of

the basic model. Whether the individuals question social norms or not do not make any

difference when in Regime 4. Therefore, the steady-state and the dynamics in Regime 4

of the extended model are the same as those of the basic model with the only difference

being the effect of xt > 1. Since xt is not non-decreasing unlike the basic model, xt > 1

does not cause any instability for the extended model. Hence, the unique equilibrium in

Regime 4 is a stable node. Q.E.D.

Proof of Proposition 2.13

The proof of Proposition 2.11 shows the potential transitions among Regimes. When in

Regime 1, the economy either moves to Regime 2 or 3. When in Regime 2 or 3, the

economy moves to Regime 4. When in Regime 4, the economy remains there for the

remaining history (see Figure 17). Thus, the equilibrium in Regime 4 is asymptotically

globally stable. Q.E.D.
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ORIGINALITY REPORT 
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APPENDIX 4 

ETHICS BOARD WAIVER FORM 
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