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ABSTRACT

This paper explores Rosenstein-Rodman’s (1943) idea that simultaneous
industrialization of many sect;rs of the economy can be profitable for all
of them, even when no sector can break even industrializing alone. We
analyze this idea in the context of an imperfectly competitive economy with
aggregate demand spillovers, and interpret the big push into industrial-
ization as a move from a bad to a good equilibrium. We show that for two
equilibria to exist, it must be the case that an industrializing firm raises
the demand for products of other sectors through channels other than the
contribution of its own profits to demand. For example, a firm paying high
factory wages raises demand in other manufacturing sectors even if it loses
money. In a similar vein, a firm investing today in order to produce at low
cost tomorrow shifts income and hence demand for qther goods into the future
and so makes it more attractive for other firms also to invest today.
Finally, an investing firm can benefit firms in other sectors if it uses a
railroad or other shared infrastructure, and hence helps to defray the fixed
cost of building the railroad. All these transmission mechanisms that help

generate the big push seem to be of some relevance for less developed

countries.
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[. Introduction

Virtually every country that experienced rapid growth of productivity and living
standards over the last 200 years has done so by industrializing. Countries that have
successfully industrialized--turned to production of manufactures taking advantage of scale
economies--are the ones that grew rich, be they [8th-century Britain or 20th-century Korea
and Japan. Yet despite the evident gains from industrialization, and the success of many
countries in achieving it, numerous other countries remain unindustrialized and poor. What
is it that allows some but not other countries to industrialize? And can government
intervention accelerate the process?

Of the many causes of lack of growth of underdeveloped countries, a particularly
important and frequently discussed constraint on industrialization is the small size of the
domestic market. When domestic markets are small, and world trade is not free and
costless, firms may not be able to generate enough sales to make adoption of increasing
returns technologies profitable, and hence industrialization is stalled. In this paper, we
present some models of economies with small domestic markets, and discuss how these
markets can expand so that a country can get out of the no-industrialization trap. In
particular, we focus on the contribution of industrialization of one sector to enlarging the
size of the market in other sectors. Such spillovers give rise to the possibility that
coordination of investments across sectors--which the government can promote--is essential
for industrialization. This idea of coordinated investment is the basis of the concept of the
“big push,” introduced by Rosenstein-Rodan (1943) and discussed by many others.

According to Rosenstein~-Rodan (1943), if various sectors of the economy adopted
increasing returns technologies simultaneously, they could each create income that becomes a
source of demand for goods in other sectors, and so enlarge their markets and make
industrialization profitable. In fact, simultaneous industrialization of many sectors can be

self -sustaining even if no sector could break even industrializing alone. This insight has
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been developed by Nurkse (1953), Scitovsky (1954), and Fleming (1955) into a doctrine of
balanced growth or the big push, with two important elements. First, the same economy
must be capable of both the backward pre-industrial and the modern industrialized state.
No exogenous improvement in endowments or technological opportunities is needed to move
to industrialization, only the simultaneous investment by all the sectors using the available
technology. Second, industrialization is associated with a better state of affairs. The
population of a country benefits from its leap into the industrial state.

In this paper, we attempt to understand the importance of demand spillovers
between sectors by looking at simple stylized models of a less developed economy where
these spillovers are strong enough to generate a big push. In doing so, we chiefly associate
the big push with multiple equilibria of the economy, and interpret it as a switch from the
cottage production equilibrium to industrial equilibrium. The main question we address is,
What does it take for such multiple equilibria to exist? In addition, ask when the
equilibrium in which various sectors of the economy ®industrialize” is Pareto preferred to
the equilibrium in which they do not. We thus make precise the sense in which
industrialization benefits an economy with fixed preferences, endowments, and technological
opportunities.

In all the models described in this paper, the source of multiplicity of equilibria is
pecuniary externalities generated by imperfect competition with large fixed costs.]  Yet such
multiplicity is not automatic: in section 3 we show that even where pecuniary externalities
are important, equilibrium can be unique. The idea behind the uniqueness result is that if a

firm contributes to the demand for other firms' goods only by distributing its profits and

IThe pecuniary externalities analyzed in this paper should be contrasted with
technological externalities that can also give rise to interesting growth paths (Romer
(1986a), Lucas (1988)). Romer and Lucas also look at increasing returns, except in their
models increasing returns are external to the firm. Earlier attempts outside the development
literature to model pecuniary externalities in the growth context include important work of
Young (1928) and Kaldor (1966), and recent work of Shleifer (1986) and Romer (1986b). Also
related is some work in macroeconomics, e.g., Weitzman (1982) and Hart (1982).
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raising aggregate income, then unprofitable investments must reduce income and therefore
the size of other firms’ markets. Starting from the equilib:ium in which no firm wants to
adopt increasing returns, each investing firm would then lose money and therefore make it
even less attractive for other firms to invest. As a result, the second equilibrium with a
higher level of industrialization cannot exist. When profits are the only channel of
spillovers, the industrialized equilibrium cannot coexist with the unindustrialized one.

In contrast, multiple equilibria arise naturally if an industrializing firm raises the
size of other firms' markets even when it itself loses money. This occurs when firms raise
the profit of other industrial firms through channels other than their own profits. In the
models we present, industrialization in one sector can increase spending in other
manufacturing sectors by altering the composition of demand. In the model of section 4,
industrialization raises the demand for manufactures because workers are paid higher wages
to entice them to work in industrial plants. Hence, even a firm losing money can benefit
firms in other sectors because it raises labor income and hence demand for their products.

The model of section 5 focuses on the intertemporal aspect of indus.trializatio:n. In
that model, industrialization has the effect of giving up current income for future income
because the benefits of current investment in cost reduction are realized over a long period
of time. The more sectors industrialize, the higher is the level of future spending. But
this means that the profitability of investment depends on having enough other sectors 7
industrialize so that high future spending justifies putting down a large scale plant today.
Since an investing firm generates a positive cash flow in the future, it raises the demand
for the output in other sectors even if its own investment has a negative net present value.
In the models of both sections 4 and 3, cobrdinated investment across sectors leads to the
expansion ofrmarkets for all industrial goods, and can thus 5e self—sustaining even whén no

firm can break even investing alone.
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The effect of a firm’s investment on the size of the markets for output in other
sectors is not the only relevant pecuniary externality. An important component of in-
dustrialization for which pecuniary externalities can be crucial is investment in jointly used
intermediate goods, e.g., infrastructure such as railroads and training facilities. To the ex-
tent that the cost of an infrastructure is largely fixed, each industrializing firm that uses it
helps defray this fixed cost and so brings the building of the infrastructure closer to profit-
ability. In this way, each user indirectly helps other users, and hence makes their
industrialization more likely. As a result, infrastructure develops only when many sectors
industrialize and become its users. In section 5 we associate the big push with the economy
making large investments in a shared infrastructure. This approach has the advantage of
being important even in a completely open economy.

The emphasis of this paper on the efficiency of industrialization warrants some
explanation. All the deviations from the first best are ultimately driven by imperfect
competition and the resulting-divergence of the price of output from marginal costs. But
inefficiency manifests itself in two distinct ways. First, at any positive level of
industrialization, there is a static monopoly-pricing inefficiency in that industrial goods are
overpriced relative to cottage produced goods. Second, taking monopoly-pricing in industrial
sectors as given, the level of industrialization can be too low from a second best welfare
point of view. In particular, welfare is lower in the nonindustrialized equilibrium than in
the fully industrialized equilibrium. In our discussion of government policy, we take
monopoly pricing in industrial sectors as given and always focus on second-best policies that
bring about a Pareto-preferred, higher level of industrialization. We stress, however, that
because all our models are highly stylized and capture what we can only hope to be one

aspect of reality, policies suggested by these models should be interpreted with caution.



2. The Importance of Domestic Markets

Except for the example of infrastructure (section 6), our analysis relies crucially on
the importance of domestic markets for industrialization. Such a-nalysis runs into an. obvious
objection. If world trade is free and costless, then an industry faces a world market, the
size of which cannot plausibly constrain adoption of increasing returns technologies. Yet
despite this theoretical objection, thevre is now considerable empirical evidence pointing to
the importance of the domestic market as an outlet for sales of domestic industry.

The best evidence comes from the work of Chenery and Syrquin (1975) and Chenery,
Robinson, and Syrquin (CRS) (1986). Using a sample of rapidly growing economies over the
period from the early 1950s to the early 1970s, CRS look at a change in domestic industrial
output over that period in each country, and divide it between a change in domestic demand
and a change in exports. Because some outputs are also used as intermediate goods and the
structure of production as measured by the input-output matrix is changing, CRS correct
their results for changes in technology. By far the most important sources of growth in
output, however, are growth in domestic demand and growth in exports.

The findings of CRS point to a dominant share of domestic demand in growth of
domestic industrial output. In countries with population over 20 million, expansion of
domestic demand accounts for 72-74% of increase in domestic industrial output (CRS, p.
156).2 In such countries, when per capita income is between 200 and 800 1964 U.S. dollars,
the share of industry in GNP is 5 to 6 percentage points higher than in countries with pop-
ulation under 20 million, with the difference concentrated in industries with important
economies of scale, such as basic metals, paper, chemicals, and rubber products (Chenery
and Syrquin, 1975, p. 78). In small primary oriented countries with population under 20
million, a rise in domestic sales accounts for 70-72% of increase in the domestic industrial

output (CRS, p. 156). Even in small manufacturing-oriented countries with populations under

20ur own calculations based on table 6.3 in Chenery, Robinson, and Syrquin (1986).
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20 million, expansion of domestic demand accounts for about 50-60% of industrial output
expansion (CRS, p. 156). In Korea--the paragon of an open, export-oriented economy--
domestic demand expansion accounted for 53% of growth ;f ind-ustrial output betwéen 1955
and 1973 (Chenery, Robinson and Syrquin, p. 158), and a much larger fraction if one
abstracts from export-intensive sectors such as textiles. Moreover, the intensive export of
manufactures began only after the industry became established in the domestic market
(Chenery and Syrquin, p. 101). Whether the causes of limited trade are natural, such as
transport costs or taste differences across countries, or man-made, such as tariffs, the

bottom line is the overwhelming importance of domestic demand for most of domestic

industry.

3. A Simple Aggregate Demand Spillovers Model With a Unique Equilibrium

The existence of multiple, Pareto-ranked equilibria of the type envisioned in the big
push literature requires that the economy be capable of sustaining two alternative levels of
industrialization. This means that industrialization must be individually unprofitable at a low
aggregate level of industrialization, but individually profitable as long as a sufficient number
of other sectors industrialize. Put another way, even individually unprofitable
industrialization must have spillover effects on other sectors that make industrialization in
other sectors more profitable.

In this section, we discuss a simple mode! in which profit spillovers across sectors
are present, but they are still not sufficient to generate the conditions for the big push.
The firm in this model has a positive spillover on the demands (profits) of other sectors if
and only if it makes a positive profit itself. Hence, even though the firm does not
internalize the effect of its dividends on the profits in other sectors, it still makes a
(second-best) efficient investment decision and has a positive spillover on other firms only

to the extent that its own industrialization decision is individually profitable. We start with
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this model in order to illustrate the fact that the»conditions for individually unprofitable
investments to raise the profitability of investment in other sectors are more stringent than
those loosely expressed in much of the big push literature of the> 40s and S0s (see, f;)r
example, Rosenstein-Rodan, 1943).

Consider a one-period economy with a representative consumer, with Cobb-Douglas
utility function [} ¢nx(q)dq defined over a unit interval of goods indexed by a.3 All goods
have the same expenditure shares. Thus, when his income is y, the consumer can be
thought of as spending y on every good x(q). The consumer is endowed with L units of

labor, which he supplies inelastically, and he owns all the profits of this economy. Taking

his wage as numeéraire, his budget constraint is given by:
y=M+L, 1)

where Il is aggregate profits.

Each good is produced in its own sector, and each sector consists of two types of
firms. First, each sector has a competitive fringe of firms which convert one unit of labor
input into one unit of output with a constant returns to scale (cottage production)
technology. In addition, each sector has a unique firm with access to an increasing returns
(mass production) technology. This firm is alone in having access to that technology in its
sector, and hence will be referred to as a monopolist (even though, as we,_specify below, it
does not always operate). Industrialization requires the input of F units of labor and allows
each additional unit of labor to produce a > 1 units of output.

The monopolist in each sector decides whether to industrialize or to abstain from

production altogether. We assume that the monopolist maximizes his profit taking the

3The discussion thét folloﬁ/s partly draws on Shleifer énd Vishny (1988).
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demand curve as given.4 He industrializes (“invests”) only if he can earn a profit at the
price he charges. That price equals 1, since the monopolist loses all his sales to the fringe

if he charges more, and he would not want to charge less when facing a unit elastic demand

curve. When income is y, the profit of a monopolist who spends F to industrialize is:

= a;ly-Fan-F. )

When a fraction n of the sectors in the economy industrialize, aggregate profits are:
M(n) = n(ay - F). 3)

Substituting (3) into (1). yields aggregate income as a function of the fraction of sectors

industrializing:

L - nF 4)

¥n) = l -na’

The numerator of (4) is the amount of labor used in the economy for actual production
of output, after invgstment outlays. One over the denominator is the multiplier showing
that an increase in effective labor raises income by more than one for one, since expansion
of low cost sectors also raises profits. To see this more explicitly, note that:

dv(n - x(n) (5)

dn | -an’

4The assumption that each monopolist maximizes profits rather than the welfare of his
shareholders is what allows pecuniary externalities to matter. Shleifer (1986) justifies this

assumption in some detail.
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where x(n) is the profit of the last firm to invest. When the last firm earns this profit, it
distributes it to shareholders, who-in turn spend it on all goods and thus raise profits in all
industrial firms in the economy. The effect of this firm’s profit is therefore enhanced by
the increases in profits of all industrial firms resulting from increased spending. Since
there are a fraction n of such firms, the multiplier is increasing in the number of.firms
that benefit from the spillover of the marginal firm. The more firms invest, the greater is
the cumulative increase in profits and therefore income resulting from a positive NPV
investment by the last firm.

For an alternative interpretation of (5), notice that since the price of labor is
unity, the profit of the last firm, x(n), is exactly equal to the net labor saved from its
investment in cost reduction. The numerator of (5) is therefore the increase in labor
available to the economy as a result of the investment by the last firm. In equilibrium,
this freed up labor moves into all sectors. However, its marginal product is higher in
industrialized sectors than in nonindustrialized sectors. The more sectors industrialize (i.e.,
the higher is n), the greater is the increase in total output resulting from the inflow of
freed up labor into these sectors. In fact, the denominator of (5) is just the average of
marginal labor costs across sectors, which is clearly a decreasing function of n. This
interpretation connects (5) to (4), which explicitly states that income is a multiple of
productive labor, and that the multiplier is increasing in n.

Despite the fact that the firm ignores the profit spillover from its investment, it is
easy to see that there is a unique Nash equilibrium, in which either all firms industrialize or
none of them do (i.e., there is no big push). In order to have a no-industrialization
equilibrium it must be the case that when aggregate income is equal to L, a single firm
loses mones' from industrializing. But if no firm can break even from investing when
income is L, then there cannot be an equilibrium in which any firms invest. For suppose a

single firm decides to invest. Since it loses ﬁ)oney, it only reduces aggregate income
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making the profit from industrialization in any other sectors even lower. Hence if it is
unprofitable for a single firm to invest, it is even less profitable for more firms to do so,
making the existence of the second equilibrium impossible. As i-s clear from (5), a firm’s
spillover is positive if and only if its own profits are positive. The multiplier only changes
the magnitude of the effect of a firm’s investment on income, and not the sign.

The remainder of the paper presents three modifications of this model in which a
firm engaging in unprofitable investment can still benefit other sectors and make it more

likely that they find it profitable to invest. By doing so, we get away from the uniqueness

result of this section, and generate a big push.

4. A Mode! with a Factory Wage Premium

The first model of the big push we present comes closest in its spirit to
Rosenstein-Rodan’s (1943) paper. According to this theory, to bring farm labor to work in a
factory, a firm has to pay them a wage premium. But unless the firm can generate enough
sales to people other than its own workers, it will not be able to afford to pay higher
wages. If this firm is the only one to start production, its sales might be too low for it to
break even. In contrast, if firms producing different products all invest and expand
production together, they can ail sell their output to each other’s workers, and so can
afford to pay a wage premiur;i and still break even. In this section, we construct a2 model
along these lines.5

We assume that higher wages are paid in the factory to compensate workers for
disutility of such work. Accordingly, we take utility to be exp([3 £nx(q)dq) if a person is
employed in cottage production, and exp(f3 tnx(q)dq) - v if he is employed in a factory

using increasing returns. Although factory workers earn higher wages, they have the same

5Factory employment is usually associated with working in a city. Lewis (1967) and
many others confirm the empirical validity of the assumption that higher real wages are paid
in cities.
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unit elastic demand curves for manﬁfactures as cottage production workers, and so we can
calculate demands based on the aggregate income, y.6 Specifically, when the total profit
and labor income is y, we can think of it as expenditure y on ea;:h good. Workers e;ngage
in either constant returns (CRS), cottage production of manufactures, or in factory work
where increasing returns (IRS) technologies are used.” Cottage production wage is set to |
as numéraire, and total labor supply is fixed at L.

As before, the cottage technology for each good yields 1 unit of output for each
unit of labor input. Cottage producers who use this technology are corﬁpetitive. In
contrast, the increasing returns technology requires a fixed cost .of F units of labor to set
up a factory, but then yields @ > 1 units of output for 1 unit of labor input. We assume
that access to the IRS technology is restricted to a separate monopolist in each sector.

The monopolist will choose to operate his technology only if he expects to make a
profit taking the demand curve as given. If he does operate, he could not raise his price
above | without losing the business to the fringe. But he also would not want to cut the
price, since demand is unit elastic.

Since all prices are always kept at unity, it is easy to calculate the competitive
factory wage, w. Each monopolist must pay a wage that makes a worker indifferent

between factory and cottage production employment:
w=l1l+v>1. (6)

In this pure compensating differentials models, factory employees get the minimum wage

6All the models we study assume unit elastic demand. Historically, however, income-
elastic demand for manufactures has played an important role in growth of industry (Deane,
1965). Income-elastic demand leads to price cuts by a monopolist, and the increase in
consumer surplus, which is an additional reason for a big push.

TFor simplicity, there is no agricultural sector, although one could be added (see
Murphy, Shleifer, and Vishny, 1987).
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necessary to get them out of cottage production, and hence get no surplus from
industrialization except as profit owners.

When aggregate income is y, the monopolist's profit is given by

x.y(:-l-*i—] - F(1+v) )

where | is the price he gets and (l+v)/a is his unit variable cost. The monopolist will incur
F(1+v) only if he expects income to be high enough for this investment to make money.

As is clear from (7), for this model to be at all interesting, it must be the case

that the productivity gain from using the increasing returns technology exceeds the

compensating differential that must be paid to a worker, i.e.,
a-1>v. (8)

If this condition does not hold, the factory wili not be able to afford any labor even if it
surrenders to it all of the efficiency gain over the cottage technology. As a result, the
factory could not possibly break even, whatever the level of income.

Under the conditions discussed below, this model can have two equilibria, one with
and one without industrialization. In the first equilibrium, no firm incurs the fixed cost for
fear of not being able to break even, and the population stays in cottage production.
Income is equal to L, the wage bill of the cottage labor, since no profits are earned. For
this to be an equilibrium, it must be the case that in no sector would a monopolist want to
set up a factory if he has to pay the required factory wage. That is, for no

industrialization to take place, we must have:
(s -'i"—) - F(14+v) <0 . ©)

In a second equilibrium, all sectors industrialize. By symmetry, the quantity of

output produced in each sector is a(L - F), which at unit prices is also the value of output.
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Since the only input is labor, total factor payments are wages, which equal to L(1+v). For

this to be an equilibrium, profits must be positive:
raall - F)-L(l+v) > 0. (10)

When (10) holds, all firms expect a high level of income and sales resulting from
simultaneous labor-saving industrialization of many sectors, and are consequently happy to
incur the fixed cost F(1+v) to set up a factory. 'l;his of course makes the expectation of
industriatization self-fulfilling.

An examination of (3) and (10) suggests that there always exist some values of F
for which both equilibria exist (provided (8) holds). For these values of F, the economy is
capable of a big push, whereby it moves from the unindustrialized eduilibrium to one with
industrialization when all its sectors coordinate investments. The reason for the multiplicity
of equilibria is that a link between a firm’s profit and its contribution to demand for
products of other sectors is now broken. Because a firm that sets up a factory pays a wage
premium, it increases the size of the market for producers of other manufactures, even if
its investment loses money. Consequently, the firm’s profit in this model is not an adequate
measure of its contribution to the aggregate demand for manufactures, since a second
component of this contribution--the extra wages it pays--is not captured by the profits.

In this model, the Pareto superiority of the equilibrium with industrialization is
apparent. Since prices do not change, workers are equally well of f as wage earners in the
second equilibrium, but they also get some profits. They have higher income at the same
prices, and hence must be better off. Firms making investment decisions in t};e no
industrialization equilibrium ignore the fact that, even when they lose money, the higher
factory wages they pay generate profits in other industrializing sectors by increasing the

demand for manufactures. As a result, these firms underinvest in the no industrialization
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equilibrium, and an inefficiency results. As is commonly supposed in the discussion of
industrialization, it indeed creates wealth and represents a better outcome.

The big push resulting from higher factory wages could -also be obtained us:mg a
different but related model of industrialization. Instead of focusing on a compensating
differential, we could assume that cottage production is located on the farm and factories
are located in the cities, and that city dwellers’ demand is more concentrated on
manufactures. For example, living in a city might require consumption of processed food if
fresh food is expensive to transport from the farm. Urbanization also leads to increased
consumption of other manufactures, such as textiles, leather goods, and furniture (Reynolds,
1983). If these changes in demand are important, then urbanization in the process of
industrialization leads to an increase in the demand for manufactures. In this way

industrialization can be self-sustaining even if there is no compensating wage differential

for factory work, but only a shift in the consumption bundle toward manufactures.

5. A Dynamic Model of Investment

This section presents a second example in which an investment that loses money
nonetheless raises aggregate income. A firm that uses resources to invest at one point in
time, but generates the labor savings from this investment at a later point, decreases
aggregate demand today and raises it tomorrow. This shift in the composition of demand
away from today’s goods and toward tomorrow’s goods can also give rise to multiple
equilibria and inefficient underinvestment, unless the government coordinates investment or
entrepreneurs are spontaneously “bullish.”

One historical account (Sawyer, 1954; quoted in Cole, 1959) motivates this model in
the context of nineteenth-century American economic growth. According to Sawyer, even
when a cold economic calculation dictated otherwise, irrationally bullish and over-optimistic

American entrepreneurs insisted on investing. But with enough people making this mistake,
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optimistic projections became self-fulfilling (cf. Keynes's (1936) account of entrepreneurial
optimism):

To the extent that it worked in an economic sense--that an over-anticipation of
prospects in fact paid off in either a private or social balance sheet, we find ourselves
on the perilous edge of an “economics of euphoria™--a dizzy world in which if enough
people make parallel errors of over-estimation, and their resulting investment decisions
fall in reasonable approximation to the course of growth, they may collectively
generate the conditions of realizing their original vision. [t suggests, historically, a
sort of self-fulfilling prophecy, in which the generalized belief in growth operated to
shift the marginal-efficiency of capital schedule to the right, and in which the multiple
centers of initiative, acting in terms of exaggerated prospects of growth, pulled capital
and labor from home and from the available reservoirs abroad, and so acted as to
create the conditions on which their initial decisions were predicated. (Sawyer, 1954)

Our model shows that Sawyer's ideas about self-fulfilling expectations of growth do not
really rely on assuming entrepreneurial irrationality.

A two-period model suffices to illustrate the big push in a dynamic context.
Consider a representative consumer with preferences defined over the same unit interval of
goods in both the first and the second period. Denoting by x;(¢) and x,(q), with g between
0 and 1, his consumption of good ¢ in periods | and 2 respectively, the consumer’s utility is

given by

U= U ; x:(q)dq] 1.8 U ; x:(q)dq] g (11)

In this expression 1/(1 - 8) is the intertemporal elasticity of substitution, and 1/(1 - 7) is
the elasticity of substitution between different goods within a period. For example, in the
special case where v = 0 and # = 1, to which we return below, the consumer has unit elas-
tic demand for each good q, and is indifferent as to when to consume his income. The rep-
resentative consumer is endowed with L units of labor each period that he supplies
ine'astically, and he owns all the profits. Without loss of generality. each period’s wage is
set equal to 1.

Each good ¢ in the first period must be produced using a constant returns to scale

(CRS) technology converting |