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Abstract.

 

This paper presents a unified theory of  growth involving human capital accumulation,
labour specialization, market expansion and falling fertility rates. The model suggests that these
processes, often analysed separately, are intimately linked. The accumulation of  specialized human
capital increases the gains to labour specialization, leading agents to increase their participation
in markets and reduce time spent at home. This raises the opportunity cost of child raising, lowering
fertility rates. The model suggests a central role for market transaction costs in determining the
timing and rate of  fertility declines linked to rising income.
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. 

 

In many of the division of labour growth models that grew out of Yang and
Borland’s (1991) seminal article, producer-consumers face ‘make or buy’ decisions
in which gains to labour specialization are constrained by market transaction
costs. The accumulation of specialized capital goods increases the gains to labour
specialization, driving a development process that is governed by increasing
labour specialization, interpersonal trade and market expansion.

An important characteristic of these models that has not received much
comment is that changes in labour specialization and market structure are
accompanied by complementary changes in the organization of the household.
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In particular, specialization and market expansion coincide with decreases in
the share of  resources devoted to producing goods for own-consumption.
Furthermore, with the formation of firms (Yang and Borland, 1995; Davis,
2003) to help coordinate the division of labour, labour specialization results
in production moving out of the domestic sphere. This paper investigates how
these changes in household structure influence, and are influenced by, parental
decisions regarding fertility and child education.

The model is built around a number of simple assumptions. Adults allocate
time and human capital to the domestic and market sectors, informally ‘home’
and ‘work’, to maximize a utility function that depends on their own con-
sumption as well as the number and education of their children. Production
in the market sector is subject to gains to labour specialization. The ability to
trade with other specialists allows each market sector participant to concentrate
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her resources on a narrow range of intermediate goods, increasing the utilization
rate of specialized human capital.

In contrast, in the domestic sector production is characterized by constant
returns to scale. An adult who produces in the domestic sector does not coor-
dinate with other producers and, therefore, forgoes possible gains to labour
specialization. Market transaction costs play a central role in determining the
trade-off between domestic and market sector production. In an economy with
high market transaction costs, it is more difficult to coordinate production
across market sector specialists, making domestic sector production more attractive.

Raising a child requires inputs of goods and parental time. These are substitutes,
such that the more time a parent spends at home the lower is the cost of child
raising in terms of goods. Thus, while they forgo gains to labour specialization,
agents that produce in the domestic sector enjoy lower costs of child rearing, and
this gain is larger for adults with larger families. A parent endows each child with an
educational bequest that determines the level of human capital in the next gener-
ation. Since parents value both the number and educational level of their children,
they face a familiar ‘quality-quantity’ trade-off in making reproductive decisions.

The model supports three dynamic equilibria. If  market transaction costs
are sufficiently high, the model supports an ‘autarkic’ equilibrium in which
interpersonal trade is absent. All production occurs at home, labour is un-
specialized, families are large and children are poorly educated.

A sufficient fall in market transaction costs allows an economy to escape
this low level equilibrium, entering a transitional stage of development in which
the evolution of the economy is driven by rising human capital bequests. The
accumulation of  specialized human capital increases the gains to labour
specialization, causing adults to allocate more time to market production.
In the market sector, this results in increases in labour specialization, market
size, interpersonal trade and output. Simultaneously, the fall in time allocated
to the domestic sector increases the cost of raising a child. Adults respond by
having fewer children and educating each child more. Intuitively, as the fixed cost
of a child rises, parents increase the utilization of each child. Viewed over successive
generations, rising levels of  human capital generate both industrialization
and a demographic transition. Falling fertility rates imply this transitional
stage eventually comes to an end, and the economy converges on a steady state
in which population size, labour specialization and income are constant.

As this discussion suggests, a primary contribution of the analysis is to link
two aspects of development that are generally analysed separately. Labour spe-
cialization drives both market expansion and the falling fertility rates that mark
the demographic transition. From a policy perspective, the model demonstrates
the importance of market transaction costs for fertility decisions. The level of
market transaction costs determines whether or not an economy becomes trapped
in the high fertility, autarkic equilibrium. In addition, in a transitional economy,
a fall in market transaction costs increases the gains to labour specialization,
increasing time allocated to market production and reducing fertility rates. By
implication, in developing countries, building better roads or reducing corruption
may help reduce fertility rates.
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In the immense empirical literature on the economics of fertility, prominent
hypotheses link fertility decisions to the opportunity cost of children, generally
proxied by female education and labour market participation.

 

2

 

 This corresponds
nicely with the model’s emphasis on roles for human capital and non-domestic
production. The model, however, treats education and market production
opportunities as endogenous variables that, along with fertility rates, are influ-
enced by market transaction costs. Thus, the analysis presented here suggests
that empirical studies of fertility rates should attempt to include variables that
capture exogenous variation in market transaction costs, such as the quality
of physical infrastructure and the efficiency of commercial law. The commonly
reported negative correlation between female education levels and fertility rates
may reflect, in part, both variables’ dependence on market transaction costs.

This paper also contributes to the rapidly growing literature that attempts
to present an integrated theory linking the demographic and economic tran-
sitions that occur during industrialization. In the main line of this research,
characterized by Hansen and Prescott (2002), Jones (2001), Tamura (2002) and
Galor and Weil (2000), technological progress raises the return to skilled labour,
simultaneously increasing output and inducing a demographic transition.
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The analysis presented here contributes to this literature by suggesting a
central role for market transaction costs. Transaction costs reflect a number
of underlying factors, such as geography and physical infrastructure, but they
are also closely linked to institutional quality, particularly the protection of
property rights and the enforcement of private contracts (North, 1990; Knack
and Keefer, 1995). In contrast with technology, which is often understood to
be a global public good, the institutional determinants of market transaction
costs are held to vary dramatically across countries. While the growth of
human knowledge may have played an important role in historical fertility
declines, theories that suggest an important role for institutions in determining
fertility rates are better suited to account for a contemporary world charac-
terized by dramatic cross-country fertility differentials.

2.

 

 

 

Consider an economy with 

 

N

 

 identical households. A household consists of a
single adult and 

 

n

 

 children. Adults live for a single period or generation,
indexed by 

 

τ 

 

=

 

 {0, 1, . . . }. Reproduction is asexual, and children make no
economic decisions.

2.1.

 

Preferences

 

The utility of an adult in generation 

 

τ

 

 is adapted from Becker and Barro (1988)
and Becker 

 

et al

 

. (1990): . Utility is increasing in

 

2

 

See for example the special issue of 

 

World Development

 

 introduced by Murthi (2002).
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Other approaches emphasize changes in gender roles (Galor and Weil, 1996) and the return to
child labour (Doepke, 2004).

U c a n n hτ τ
σ

τ τ τ
σσ σ  ( / )  ( ) ( / )= + +1



 

82

 

. . 

 

© 2007 The Author
Journal compilation © 2007 Blackwell Publishing Ltd

 

adult consumption 

 

c

 

τ

 

, the number of children 

 

n

 

τ

 

  and altruistic bequests that
take the form of investments in their children’s human capital 

 

h

 

τ

 

+1

 

. The degree
of altruism per child, 

 

a

 

(

 

n

 

), is assumed to decrease in the number of children
according to 

 

a

 

(

 

n

 

) 

 

=

 

 

 

θ

 

n

 

–

 

ε

 

. It follows that the weight placed on per child bequests,
which may be interpreted as an endogenous discount rate, rises with the number
of children but at a decreasing rate. Utility is given by

(1)

where 2

 

ε

 

 

 

+

 

 

 

σ

 

 

 

<

 

 1. As noted below, this parameter restriction rules out explosive
outcomes in which an adult leaves an infinite human capital bequest to a
vanishingly small number of children.

The assumption that parents value bequests rather than, say, child utility or
consumption, simplifies the analysis by making parental decisions independent
of future economic outcomes. This facilitates the analysis of the transition
dynamics that are our primary interest. To reduce notational clutter, the
generational subscript 

 

τ

 

 is omitted from variables when it is not required to
differentiate between generations.

2.2.

 

Resource endowments and sectoral allocations

 

A representative agent is endowed with one unit of time and 

 

h

 

 units of human
capital. These resources may be used to produce goods in either of two sectors,
a domestic sector and a market sector. That is, they may produce either ‘at
home’ or ‘at work.’ Individual resource constraints imply

(2)

where subscripts 

 

D

 

 and 

 

M

 

 refer to the domestic and market sectors, respectively.
In the remainder of the paper, we will use the terms ‘market’ and ‘domestic’
to refer to sectoral activities or values. Thus, for example, an agent’s domestic
production is the value of output she produces in the domestic sector, and her
market time is the time she allocates to production in the market sector.

2.3.

 

Production in the market sector

 

Production in the market sector is subject to gains to labour specialization. There
is a large number of intermediate goods that are produced using specialized
skills. By concentrating their educational resources on a narrow range of inter-
mediate goods, producers enjoy higher levels of skill in each activity and are
able to exploit their skills more intensively (Rosen, 1983). The counterpart of
specialization, however, is interdependence. Specialized agents must trade with
other specialists to obtain those intermediates that they do not themselves
produce, and such trading is assumed to be costly. Consequently, an agent’s
ability to take advantage of gains to labour specialization is limited by market
transaction costs.
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In the market sector agents produce intermediate goods. There is a continuum
of intermediate goods indexed by 

 

a

 

 

 

∈

 

 [0, 1], all of which must be combined
to produce the final good. Intermediate good output is given by 

(3)

where 

 

a

 

 

 

∈

 

 (0, 1) and 

 

t

 

a

 

 and 

 

h

 

a

 

 are inputs specific to intermediate good 

 

a

 

. Note
that the exponents in equation (3) sum to more than one, indicating increasing
returns in the production of intermediate goods. It is this characteristic of
production that gives rise to gains to labour specialization in the market sector.

Labour specialization is inversely related to the number of intermediates an
agent produces, 

 

w

 

. In particular, labour specialization is given by 

 

s 

 

=

 

 

 

1/

 

w

 

. Market
sector resources are allocated uniformly across intermediate goods. It follows
that an agent’s market output, 

 

z

 

M

 

, is increasing in her labour specialization:

(4)

2.4.

 

Market transaction costs and optimal labour specialization

 

Intermediate goods are complements in the production of a composite good
that may be used either for consumption or investment and is taken as the
numeraire. One unit of the composite good is produced in Leontief  fashion
by combining one unit of each of the intermediate goods. The strong comple-
mentarity embodied in the final good technology requires that a specialized
producer must trade with other specialists to obtain those intermediate goods
she does not produce herself. We call an interpersonal trading group a market.
Market size is given by the number of trade partners, which equals each member’s
specialization: 

 

m 

 

=

 

 s

 

. If each agent produces one tenth of the intermediate goods,
each market must have 10 trade partners. This implies labour specialization
cannot exceed population size: 

 

s 

 

≤

 

 N

 

.
Market transactions are assumed to be costly. Market transaction costs may

reflect transportation costs (Smith, 1776/1976), principal-agent conflicts (Becker
and Murphy, 1992), information costs (Arrow, 1974; Coase, 1991) and contracting
costs (Williamson, 1979), all of which reflect more fundamental institutional
and technological characteristics of an economy. Market transaction costs are
assumed to rise in the number of an agent’s trade partners, 

 

x

 

(

 

m

 

) 

 

=

 

 

 

bm

 

γ

 

, where

 

γ

 

 

 

≥

 

 1 and 

 

b

 

 

 

>

 

 0.
Symmetry implies that intermediates are traded one-for-one, such that the

quantity of the final good an agent produces equals the value of her intermediate
goods less transaction costs,

(5)

Other than the cost of trading with other specialists, the assembly of the final
good is assumed to be costless. By implication, we address the horizontal division
of labour across intermediate goods, but not the vertical division of labour between
an intermediate good and final good sector. In making this assumption, we

z At ha a a  ,= α
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follow the main line of research on labour specialization (Yang and Borland,
1991; Becker and Murphy, 1992; Tamura, 1992). The final good serves as a
numeraire. Because it is costlessly assembled from a unit continuum of inter-
mediate goods, the relative (shadow) price of intermediate goods is one.

Given their market sector allocations, agents choose labour specialization
to maximize equation (5). Ignoring for the moment the upper limit on labour
specialization, s 

 

≤

 

 N, we have

(6)

The equations in (6) capture the fundamental characteristics of production
with gains to specialization. A fall in the level of market transaction costs, 

 

b

 

,
increases labour specialization and, consequently, market income. The exponents
on labour and human capital have also increased. This reflects Rosen’s (1983)
and Young’s (1928) argument that specialization allows agents to exploit task-
specific inputs more intensively.

In the remainder of the paper we adopt parameter restrictions that maintain
the primary characteristics of equation (6) while simplifying the analysis. First,
we assume 

 

α

 

 

 

=

 

 

 

γ

 

 (1 

 

− 

 

α

 

). This implies that the gains to specialization, 

 

α

 

, exactly
offset rising transaction costs, γ, and diminishing returns to human capital, 1 − α.
As a result, market production exhibits constant marginal returns to human
capital. This is a requirement for endogenous growth and, thus, a common
assumption in growth theory. We further assume α = 1/2, and consequently γ
= 1, to simplify some algebra later without qualitatively changing the outcome
of the model. Given these restrictions, labour specialization and market output
are given by

(7a)

and

(7b)

where AM = A2/4b. Equation (7b) provides a reduced-form expression for final
good output in the market sector that is used in the optimization exercises below.

2.5. Production and child raising in the domestic sector

In the domestic sector producers are generalists. Agents do not trade with
other producers and, therefore, do not take advantage of the gains to labour
specialization. The final good production technology is linear in both time and
human capital,
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yD = AtDhD, (8)

where yD is the quantity of the final good produced in the domestic sector. The
absence of gains to specialization in domestic production is a simplification
meant to capture the idea that opportunities for exploiting specialized skills
are limited in domestic production.

While agents that produce ‘at home’ do not enjoy gains to specialization, they
have an advantage when it comes to raising children. In raising a child, parents
incur a fixed cost φ. Both parental time and goods contribute to child raising
according to φ = tDf, where tD and f  are the parental time and goods devoted
to child raising. It follows that the more time spent in domestic production,
the lower the cost in goods of raising a child. Alternately, spending more time
‘at work’ in the market sector increases the cost of raising a child:

f = φ(1 − tM)−1. (9)

2.6. Sectoral resource allocation and organizational outcomes

Due to non-convexities in the production function, it is useful to analyse sectoral
resource allocation decisions separately, before proceeding to utility maximi-
zation below. We find that the allocation of time to market production increases
in human capital and decreases in market transaction costs and family size.
These outcomes reflect the trade-off between gains to specialization in the market
sector and lower costs of child raising in the domestic sector. In addition, we derive
a reduce-form equation relating final good to different stages of organizational
development.

Parents allocate time and human capital to the domestic and market sectors
to minimize the budget constraint, which is defined as

(10)

subject to the resource constraints in equation (2). To reduce notational clutter,
hereafter we drop the sectoral subscripts on time allocations. We denote the
time allocated to the market sector as ‘t’ and time allocated to the domestic
sector as ‘1 – t.’

With both market and domestic production linear in human capital, agents
face an ‘either-or’ decision regarding how they use their human capital: agents
allocate their entire human capital stock to the sector with the highest return.
Sectoral human capital returns depend, in turn, on how an agent allocates her
production time between sectors. Let rM and rD be the return to human capital
in the domestic and market sectors, respectively, and define T as time in market
production that equalizes these rates of return, rM = rD:

(11)

The left-hand side of (11) is increasing in T and maps the unit interval onto the
non-negative real numbers, [0, 1] � [0, ∞), implying the existence of a unique solu-
tion T ∈ (0, 1) to equation (11) for any strictly positive sectoral productivity ratio.
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Equation (11) defines a threshold level of time in market production. If  time
in the market exceeds this value, t > T, then the return to human capital is
higher in the market sector and hM = h. Otherwise, hM = 0. Differentiating (11),
we find that the threshold level of time in the market is increasing in market
transaction costs:  Equation (11) is shown in Figure 1 as the vertical
line labeled rM = rD.

Next consider the allocation of productive time. If  the threshold in (11) is
not met, t < T, then agents allocate all their human capital to domestic production.
In this case, time in the market sector is unproductive, whereas time in the
domestic sector both increases output and reduces the cost of child raising. Thus,
if  t < T then agents allocate all their time to domestic production.

Alternately, if  the threshold defined by (11) is met, an agent will not allocate
all of her time to market production. This is because as an adult reduces time
spent in the domestic sector, the resource cost of raising a child, f  = φ(1 – t)–1,
becomes infinite. More specifically, if  t > T, an agent allocates all of her human
capital to market production, and her income is given by y = AMt 2h. Substi-
tuting this equation for output and equation (9) into the budget constraint,
optimal time in market production is given by

(12)

The left-hand side of equation (12) is decreasing in t for t ∈ (1/3, 1), which
is shown to hold below, indicating that the time allocated to market production
is increasing in human capital and decreasing in family size and market
transaction costs: t = t . Equation (12) is illustrated in Figure 1 as a heavy
solid line labeled Gt = 0. This locus indicates that agents allocate additional time
to market production as human capital rises or family size falls.

As illustrated in Figure 1, equations (11) and (12) determine the allocation
of time and human capital across sectors. The intersection of these two loci

Figure 1. Resource allocation in a transitional economy
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determines a threshold level of human capital ˙ = ˙( , ). Below this level of
human capital, an agent allocates her entire endowment of time and human
capital to domestic production, as indicated by the heavy vertical line at t = 0.
For levels of human capital above this threshold, the entire stock of human capital
is devoted to market production and the allocation of time is determined by the
Gt = 0 locus. At the onset of market production, time in the market is given by T.

Provided human capital exceeds ˙, equation (12) can be expressed in a more
useful manner as

(13)

with  being the share of resources allocated to raising children.
Differentiating (12), we see that a rise in human capital or fall in family size reduces
the share of resources devoted to raising children, ψ ′(h/n) < 0. (ψ < 1 implies
t > 2/3, which implies the  locus in Fig. 1 has a positive slope.)

The dashed lines in Figure 1 show the effects of a fall in the transaction cost
coefficient, b. A fall in market transaction costs increases the return to human capital
in the market, shifting the rM = rD  locus to the left. In addition, it raises the return
to time in market production, shifting the Gt = 0 locus to the right. Both changes
reduce the level of human capital necessary for market production: ˙′ < ˙. For
agents engaged in market production, time in the market also increases.

If  the level of human capital is sufficiently high, then labour specialization
will be constrained by population size. In this case, production is described by
the second line of equations (7b) and (12) and (13) are replaced by

(12′)

and

(13′)

where  is the share of income devoted to raising children. Combining
these with results from equations (7), (8), (12) and (13), we obtain an equation
relating output to resource endowments:

(14)

As shown in the first line of equation (14), if  human capital is sufficiently
low, the gains to specialization are also low and agents opt for domestic pro-
duction. In this case, production does not involve trade with other specialist
producers, we refer to this as an autarkic economy. The lack of specialization
and interpersonal trade in the autarkic economy suggests that this outcome
corresponds to the traditional sector of a developing economy.

An economy that escapes from autarky, will enter a transitional phase of
development. We refer to this as a transitional economy because, as detailed below,
it experiences a number of mutually reinforcing processes that tend to result
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in this being a temporary organizational outcome. In a transitional economy,
labour specialization is unconstrained, human capital is allocated to market
production and output is given by the second line of (14). Economic organi-
zation is related to the level of human capital. An increase in the level of human
capital results in greater labour specialization, larger markets and increased
interpersonal trade. In addition, it increases the share of time allocated to market
production and decreases the time allocated to parenting.

The third line of (14) refers to output in a mature economy. We refer to this as
a mature economy because the gains available from market expansion and rapid
increases in labour specialization that may generate increasing returns in a tran-
sitional economy are no longer possible. In a mature economy labour special-
ization is constrained by population size rather than market transaction costs.
Consequently, market size and labour specialization may only increase at the rate
of population growth. Furthermore, with labour specialization independent of
the level of human capital, production exhibits diminishing returns to capital.

2.7. Optimization and first order conditions

Parents choose consumption, family size, bequests and sectoral resource alloca-
tions to maximize equation (1) subject to resource constraints, equation (2), the
budget constraint, equation (10), and the production technology, equation (14).
Substituting for the Lagrangian multiplier, the first order conditions for this
problem are

and (15)

(16)

Equation (15) captures the trade-off  between bequests and current consump-
tion. Because this trade-off  links individual outcomes across generations, it is
at the heart of the model’s dynamics. Rearranging (15), we have

(17)

In larger families, the bequest received by each child is smaller relative to
parental consumption. This result reflects the trade-off  between the costs of
bequests, which rise linearly with family size, and the weight of the bequest in
the utility function, which rises less than linearly. The bracketed term in equation
(17) may be interpreted as an endogenous discount rate, with the parents of
larger families discounting each child’s bequest more heavily. Alternately, the
term  may be interpreted as the price of adult consumption relative
to human capital bequests. A rise in family size increases the cost of providing
a given level of education, making adult consumption more attractive.

Equation (16) describes the trade-off between current consumption and family
size. Dividing (16) by (15) gives the expression that drives the familiar quality-
quantity trade-off:
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(18)

Optimal fertility and bequest decisions imply that as raising a child becomes
more expensive, parents choose to educate each child more. More formally,
the term  is the ratio of the utility derived from increasing the
education of existing children relative to that of raising and educating an additional
child. This trade-off plays a key role in the demographic transition. In particular,
as adults spend more time at work, the cost of child raising rises and parents
substitute education for family size. Intuitively, as the fixed cost of a child rises,
parents utilize each child more.

3.   

This section analyses production and fertility decisions in each of the three
possible organizational equilibria, autarky, transitional economies and mature
economies. Particular attention is given to the conditions governing the existence
and stability of an autarkic poverty trap, and the dynamic coevolution of market
and household organization in economies undergoing an economic and demo-
graphic transition. In addition, we highlight the interdependence of production
and fertility decisions and their joint dependence on market transaction costs.

3.1. Output and family size in autarky

If  the initial level of human capital is sufficiently low, h0 < ˙, agents allocate
all their resources to domestic production. Because domestic production does
not involve interpersonal trade, we refer to this outcome as autarky. In autarky
tD = 1 and hD = h. From equations (9) and (18), child raising costs and bequests
are given by

(19)

The model supports a stable autarkic equilibrium provided hA < ˙, which
implies that the children of autarkic parents will produce in autarky. The equi-
librium bequest defines a unique value for family income

(20)

Substituting these outcomes and equation (14) into (10) and (17) gives two
equations relating consumption and family size:
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(22)

Equation (21) reflects budgetary realities: raising and educating a larger family
leaves fewer resources for consumption. Equation (22) reflects the idea that
increases in family size increase the marginal utility of bequests less than the
cost, thus diverting more resources to consumption. As illustrated in Figure 2,
together these relationships define equilibrium family size and adult consumption
in the autarkic equilibrium.

Note that in autarky, the bequest is independent of parental human capital
and income. Provided the autarkic equilibrium is stable, the transition to equi-
librium values happens in a single generation. Furthermore, as shown in Figure 2,
a positive productivity shock raises the income level, shifting the equation (21)
locus upwards, resulting in higher consumption and larger families. That is, in
the autarkic equilibrium family size and income vary directly.

3.2. Economic and demographic dynamics in a transitional economy

In a transitional economy, dynamic behaviour is governed by two equations
describing the relationship between bequests and adult consumption. The
bequest-consumption ratio captures the fundamental trade-off  between current
and future generations, similar to the role of future to present consumption
ratio in a Ramsey growth model. One relationship is found in equation (17),
which may be rearranged as . Equation (17) is shown
as a concave line in [h/c] – [1/n] space in Figure 3. Note that in Figure 3, family
size decreases along the horizontal axis.

Substituting equations (13) and (18) into the budget constraint to eliminate
y and f, gives a second such relationship:

(23)
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Figure 2. Consumption and family size in autarky
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Equation (23) reflects the fact that having a larger family tends to increase
the cost of bequests relative to current consumption. Furthermore, an increase
in the share of income devoted to raising children, ψ, causes bequests to fall
relative to consumption. As shown in the appendix the parameter restriction
2ε + σ < 1 is sufficient to insure that equations (17) and (23) intersect and
define unique equilibrium values for family size and the bequest-consumption ratio.

Together with equations (10), (13) and (18), these outcomes determine the
remaining variables of interest:

(24)

(25)

and

(26)

These results allow us to trace the impact of an increase in human capital
through the economy. An increase in human capital allows greater exploitation
of gains to specialization in market production, equation (7a), increasing the
value of time in market production. With time in market production more
productive, parents reduce the resources allocated to raising children ψ, as seen
in equation (13).

This affects bequests and consumption through both substitution and income
effects. The substitution effect is illustrated in Figure 3. The fall in ψ corresponds
to a shift of equation (23) to the right, with the equilibrium moving from E

Figure 3. Equilibrium in a transitional economy
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to F, causing parents to opt for smaller families. Having fewer children reduces
the cost of bequests relative to consumption, raising the bequest-consumption ratio.
The income effect occurs because having smaller families frees up additional
resources, allowing both consumption and bequests to rise relative to income,
as seen in equations (24) and (26). Therefore, both income and substitution
effects tend to increase the size of bequests.

To summarize, in a transitional economy, human capital accumulation increases
time at work, income, consumption and bequests. Family size and the share
of income devoted to raising and educating children fall. Furthermore, parent-
ing becomes more good intensive and less time intensive, as busy parents sub-
stitute goods for time in child raising.

By increasing the return to time spent in market production, a fall in market
transaction costs, b, gives rise to a similar chain of interactions. As indicated
by the heavy dashed lines in Figure 1, the fall in market transaction costs increases
the allocation time to the market sector. The increase in market time results
in a decrease in the share of income devoted to raising children, ψ, which corre-
sponds to a rightward shift in corresponds to a rightward shift in (23) in Figure 3.
As indicated by (22), this lowers family size and increases adult consumption
and (23) in Figure 3. As indicated by (22), this lowers family size and increases
adult consumption and the bequest relative to income.

3.3. Growth in a transitional economy

Dividing both sides of equation (26) by hτ, we find that the growth of human
capital is given by

(27)

The bracketed term in equation (27) is the share of the bequest in income
and the remainder of the equation is the return to human capital in market
production. Both terms are increasing in the level of human capital. First, a rise
in human capital increases the time devoted to market production, as indicated
in Figure 1. Second, the rise in market time induces a fall in family size, which
increases bequests though income and substitution effects as discussed above.

A fall in market transaction costs affects the transitional growth rate in a
similar fashion. By lowering the cost of market transactions, it increases labour
specialization and, with it, the return to time in market production. Thus, the
transitional growth rate may be expressed as g = g( , ). Setting growth equal
to zero in equation (26) implicitly defines a threshold level of human capital,
h = h( ), above which growth is positive and below which growth is negative.

We highlight the role of transaction costs by investigating human capital
growth near the threshold from an autarkic to a transitional economy. Define
gh(˙+) and gh(˙−) to be the growth rate of human capital as human capital
approaches ˙ from above and below, respectively. In the appendix, it is shown
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that the growth rate of human capital experiences a positive jump at ˙. Further-
more, gh(˙+) > 0 and gh(˙−) > 0 provided hA > ˙(1 − T) and hA > ˙, respectively.
As illustrated in Figure 4, these conditions define two threshold levels of the
transaction costs coefficient, b1 > b0 > 0, such that gh(˙(b1)

+) = 0 and gh(˙(b0)
−) = 0.

(See appendix for details.)
The level of the transaction cost coefficient relative to these two thresholds

determines important aspects of dynamic performance. If  transaction costs are
sufficiently high, b > b1, the threshold for positive growth is greater than that
for a transition economy: h > ˙. Not only is the autarkic equilibrium stable,
in that the children of autarkic parents will produce in autarky, constituting
a low-level trap, but the trap extends to include some transition economies. A
transition economy with a low level of human capital will experience negative
growth and falling human capital levels until hτ < ˙ and the economy enters
autarky. If  the initial level of human capital is sufficiently high, h0 > h, the
economy experiences positive growth, rising incomes and falling family size.
The first case is illustrated in Figure 5a.

With transaction costs at an intermediate level, b1 > b > b0, the autarkic
equilibrium is stable and constitutes a poverty trap. However, once started, the
interlinked processes of labour specialization, human capital accumulation,
falling family size and market expansion that characterize a growing transi-
tional economy are self-sustaining. An economy experiences positive and accel-
erating growth provided its initial human capital is sufficient to allow market
production. The second case is illustrated in Figure 5b.

The third case, illustrated in Figure 5c, involves an economy with low trans-
action costs, b < b0. In this case the autarkic equilibrium is not stable. An economy
with a low initial endowment of human capital will produce in autarky for
one generation. The subsequent generation will have sufficient human capital
to enjoy positive growth in a transition economy.

Figure 4. Transition cost thresholds
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Figure 5. (a) The evolution of human capital, b > b1. (b) The evolution of human 
capital, b1 > b > b0. (c) The evolution capital, b > b0
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These three cases illustrate one of the central contentions of the paper: for
given initial conditions, the level of market transaction costs simultaneously
determines whether an economy enters a dynamic equilibrium with rising
income and education levels, expanding markets, growing labour specialization
and falling fertility rates or is drawn to a low level, static equilibrium with low
incomes and large families. Furthermore, if  transaction costs are sufficiently
low, the economy is drawn into the dynamic equilibrium regardless of its initial
human capital endowment.

3.4. Mature economies and steady state growth

The primary focus of this paper has been the role of market transaction costs
in the onset of industrialization and the demographic transition. In this sub-
section, we briefly account for the forces that eventually curtail the process of
accelerating growth and falling family size described above. In a growing tran-
sition economy, human capital and income grow at an accelerating rate. Equation
(7a) implies that market size and labour specialization also expand at an accel-
erating rate. On the other hand, the rate of population growth is falling, gN =
n – 1. Together, these outcomes imply that optimal market size will eventually
outstrip population size. We refer to such an economy as an (organizationally)
mature economy in that the process of accelerating growth through labour
specialization and rapidly expanding markets has been exhausted.

With the gains to labour specialization limited by population size, s* = N,
production in a mature economy exhibits diminishing marginal returns to
human capital, yM = AN1/2th1/2. It follows that accumulation alone cannot drive
growth. Income growth requires persistent population growth, which permits
the exploitation of additional gains to specialization. The evolution of popu-
lation size and human capital are given by

(28)

and

(29)

where  as in equation (13′). These equations are the mature economy
counterparts to equations (25) and (26).

The steady state is defined by values of human capital and population size
such that Nτ = Nτ+1 and hτ = hτ+1 in equations (28) and (29) such that gh = gN = 0.
Positive steady-state growth may be ruled out as follows. If  human capital is
increasing in the steady state, then time in the market is also rising and, from
equation (28), family size is falling, a violation of the steady-state requirement
that population growth be constant.
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Setting Nτ = Nτ+1 in equation (28) gives the gN = 0 locus, which is a vertical
line at h = hSS in h-N space as shown in Figure 6. For h > hSS, time in the
market is higher than the steady-state level, each adult has less than one child
and population size falls. For h < hSS, time in the market is less than the steady-
state level, each adult has more than one child and population rises. The gh =
0 locus is found by imposing hτ = hτ+1 in equation (29). This locus is shown
as an upward-sloping curve in Figure 6. Equation (29) indicates that the growth
rate of human capital is increasing in population size and decreasing in human
capital. It follows that human capital is increasing above the gh = 0 locus and
decreasing below it. The steady state is stable, as shown in the appendix.

4. 

This paper has outlined a transaction cost-based theory of industrialization
and demographic transition. The level of market transaction costs determines
the range of initial conditions for which an economy is caught in a poverty trap
with high fertility rates and low levels of income and human capital. An economy
that avoids this trap enters a transitional phase of development characterized
by human capital accumulation, labour specialization, market expansion, increased
interpersonal trade and rising incomes. Simultaneously, time allocated to the
domestic sector falls, coinciding with a fall in fertility and the share of income
devoted to raising and educating children, and increases in educational bequests
and the good intensity of child raising. The model also supports a stable,
steady-state equilibrium for mature economies.

In addition to influencing whether an economy is in an autarkic or transi-
tional phase of development, transaction costs directly affect fertility decisions

Figure 6. Steady state in a mature economy
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during the demographic transition. In particular, a fall in market transaction
costs increases the return to time in market production, which raises the oppor-
tunity cost of time spent raising children and lowers desired fertility. The central
role of market transaction costs in the model may be interpreted as suggesting
the importance of physical infrastructure and the institutional quality for fer-
tility decisions. By encouraging agents to engage in production for the market,
good roads and good laws may increase household incomes and simultaneously
reduce the incentive to have large families.
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

A solution to equation (25) exists provided (23) intersects (17). This is non-
obvious because ψ, appearing on the right-hand side of (23) is itself  a function
of family size. A sufficient condition for this intersection to occur is that (23)
exceeds (17) as family size falls. We consider this by examining the ratio of
the right-hand side of (23) to that of (17). Ignoring multiplicative constants,
as n goes to zero this ratio approaches . Substituting from (19),
this equals the limit of  as t → 1. This limit is
unbounded provided  or 2ε + σ < 1, as reported in the text.

Recalling that ˙ and T are functions of the transaction cost coefficient, we
define b0 and b1 such that gh(˙−) = 0 and gh(˙+) = 0, respectively. It remains to
be shown that b0 and b1 exist and that b0 < b1. Equation (11) defines the
threshold level of time in market production to be increasing in the transaction
cost coefficient: T = T( ). Substituting this and  into (12), the thresh-
old level of human capital is given by , where

. For acceptable levels of time in the market, ,
we have , which implies  and . Noting also that
˙(b) is a strictly monotonic, continuous real function that maps onto the positive
real numbers, and that , it follows that there exists a unique value of b,
b = b0, such that , which implies gh(˙(b0)

−) = 0. For b < b0, 
implying that the autarkic equilibrium is unstable. Similarly, for b > b0,

 implies that the autarkic equilibrium is stable.
The proof of the existence of b1 such that gh(˙(b1)

+) = 0 is similar and relies
on showing that q(b) ≡ ˙(b)[1 − T(b)] is increasing in b. From (12) we have

, where p(b) = T(b)[1 − T(b)]. Noting that p′(b) < 0 for
, we have q′(b) > 0. The nice properties of q(b) indicate the existence

of a unique value of b, b = b1, such that q(b1) = hA, which implies gh(˙(b1)
+) = 0.

It follows that gh(˙(b)+) < 0 for b > b1, and gh(˙(b)+) > 0 for b < b1. The relative
magnitudes of the two thresholds, b0 < b1, follow directly from ˙(b) > ˙(b)[1 − T(b)].

Next we address the stability of the mature economy steady state. Define

(A1)

and

(A2)

and employ a change of variable Ñτ = Nτ − NSS and Óτ = hτ − hSS. Using a Taylor
expansion, near the steady state, equations (28) and (29) may be approximated by
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This first-order system of difference equations is stable provided tr(A) = FN

+ Gh < 0 and det(A) = FNGh + GNFh > 0. Noting that FN = 0 and GN > 0, we
must show Gh < 0 and Fh < 0. Fh < 0 follows unambiguously from +h < 0.
Using equation (12′): , we rewrite G(..) as 

 Next,
differentiate equation (28) with respect to n and h, and impose a steady-state condition
n = 1 to obtain: . This
implies , which implies Gh < 0.
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