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Non-Scale Growth, Endogenous Comparative Advantages,

and Industrialization

Thomas Christiaans

Department of Economics, University of Siegen, 57068 Siegen, Germany
christiaans@vwl.wiwi.uni-siegen.de

Abstract. This paper develops a two-sector non-scale growth model and investigates
the relationship between international trade, growth, and industrialization. It is shown
that the counterfactual prediction of new growth theories regarding a positive effect of
population growth on the growth rate of per capita income is alleviated in consideration
of international trade. While the growth-trade linkage is positive in most cases, it is
negative if the rate of population growth is relatively large and the initial capital stock
is relatively small. As the timing of the switch from autarky to free trade affects the
process of industrialization, trade policy can influence long-run growth rates even in
non-scale growth models.
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1 Introduction

Among the objectives of the new growth theory is the endogenous explanation of
Kaldor’s stylized fact about the growth of labor productivity without any evident
tendency for declining growth rates over time. Jones (1995) pointed out that
endogenous growth models such as Romer’s (1990) seminal contribution exagger-
ate by implying that an increase in the size or scale of an economy permanently
increases its long-run growth rate of income per capita. This criticism of such
scale models led to the formulation of non-scale models in which long-run per
capita growth rates are not linear in population (or another measure of scale)
itself but just in the rate of population growth. As the long-run growth rates
in non-scale models are usually independent of policy instruments, they are also
known as models of semi-endogenous growth.1

Eicher and Turnovsky (1999b) analyze the general steady state properties of
closed economy non-scale growth models. It is straightforward that these models
are reasonably consistent with the well known stylized facts about growth with
two exceptions. First, a closed economy model obviously cannot address the
empirically observed positive correlation between the growth in the volume of
international trade and the growth of output (the growth-trade linkage). Second,

1A second type of non-scale growth models has been invented that eliminates the prediction
of the first type of models that long-run per capita growth rates are zero without population
growth and independent of policy instruments (cf. Jones, 1999). Although non-scale growth
models need not be models of semi-endogenous growth, nor the other way around, both proper-
ties appear together unless particular knife-edge conditions are satisfied (cf. Christiaans, 2003b).
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the models are inconsistent with the observed negative correlation between pop-
ulation growth rates and the levels of per capita income (the population puzzle).
Even though there is no unanimity regarding both of these facts in the litera-
ture, a number of cross-country studies have shown that population growth and
growth of per capita output are either uncorrelated or even negatively correlated
(e.g. Mankiw et al., 1992). While most of the empirical literature finds evidence
for a positive growth-trade linkage, Rodriguez and Rodrik (2000) expressed se-
rious scepticism about these results.

It has been shown in Christiaans (2003a) that the population puzzle need not
arise in open economies using a model which cannot address the growth-trade
linkage, however. It is the purpose of the present paper to present a simple two-
sector (manufacturing and agriculture) small open economy non-scale growth
model dealing with the growth-trade linkage and at the same time alleviating
the strong prediction that an increase in the rate of population growth always
increases per capita income growth. As there is no unanimity regarding the
empirical validity of these stylized facts, it is reasonable to formulate a model
allowing for a positive as well as for a negative growth-trade linkage, e.g., in
order to identify the reasons for a particular behavior.

Feenstra (1996) has stressed that the literature on trade and growth entails
two opposite sets of results. While models based on learning by doing or human
capital accumulation (e.g. Lucas, 1988, sec. 5) usually predict unequal growth
rates of economies (an exception is Goh and Olivier, 2002), models of endoge-
nous technological change following Romer (1990) establish that trade will lead
to a convergence of growth rates across countries. The latter result often de-
pends on the crucial assumption that the international diffusion of knowledge
appears simultaneously with trade. As the empirical evidence by Branstetter
(2001) suggests, however, knowledge spillovers are primarily intranational and
not international in scope.

The present model uses learning by investment as the engine of growth and
sticks to the assumption that learning is external on the firm level but internal
on the country level. In contrast to former scale models, it is possible to consider
a positive rate of population growth in this non-scale model. The growth rates
under free trade of the home country as compared to those of the rest of the world
will be shown to depend on the relative magnitude of the domestic population
growth rate (as compared to the average rate in the rest of the world) and the
pattern of specialization, which is related to a process of industrialization or
deindustrialization.

If backwardness of a country is measured by a comparative disadvantage
in manufacturing, it turns out that under particular circumstances an initially
backward country may grow faster under free trade than the rest of the world.
In accordance with the empirical results of Rodriguez and Rodrik (2000), there
is no unambiguous relationship between trade and growth. The reason is that
switchovers in comparative advantages are possible. Depending on the emerging
pattern of specialization, there may be a positive or a negative growth-trade
linkage. Moreover, it is possible that the growth rate of per capita income
temporarily increases when switching to free trade as a result of accelerated
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industrialization, which in the long run is not sustainable, however. In such a case
the eventually deindustrialized country will nevertheless gain from a relatively
high growth rate abroad since its terms of trade will improve relatively fast. A
negative linkage occurs if the population growth rate is relatively high and the
initial capital stock is relatively small, in which case the home country has an
initial comparative advantage in agricultural production.

There is usually no possibility for the government to influence the long-run
growth rates of per capita income in closed economy non-scale growth mod-
els. International trade, which may affect the policy ineffectiveness in non-scale
models, has so far largely been neglected.2 Whenever trade policy influences the
pattern of international specialization, which in turn has an effect on long-run
growth rates, trade policy may at the same time be growth policy. Although the
present model is not concerned with the derivation of optimum policy measures,
it shows that on principle policy ineffectiveness with respect to long-run growth
rates does not hold in open economy models of non-scale growth.

Regarding the existing literature, the model is related to Wong and Yip
(1999). In particular, it uses the same production structure and it will equally
be assumed that a small country faces a given growth rate of the rest of the
world. The most important difference is that the labor augmenting learning
index has an exponent smaller than one, which implies decreasing returns to
knowledge accumulation. This assumption turns the scale model of Wong and
Yip (1999) into a non-scale growth model. As to the demand side, a classical
savings function will be employed. This assumption simplifies the analysis as
compared to the dynamic optimization approach and also appears to be reason-
able for a positive theory of economic growth.3 Other assumptions differ from
those of Wong and Yip (1999) just for the sake of simplicity. Instead of taking
cumulated output as the learning index, the capital stock will be used, which has
the advantage of dropping one state variable. The production function of sector
1 has the Cobb-Douglas form. These two assumptions together greatly simplify
the model and enable a full-fledged dynamical analysis that is not confined to
the steady state.

The basic closed economy version of the model is presented in Section 2, while
Section 3 analyzes the possible steady states and the transitional dynamics of a
small economy under free trade with the rest of the world. Longer derivations
are relegated to appendices. The final section discusses the main results, their
dependence on some of the assumptions, and their policy implications.

2Among the few exceptions are Eicher and Turnovsky (1999a) and Dinopoulos and
Segerstrom (1999). As Eicher and Turnovsky (1999a) discuss international capital flows in
a one-sector non-scale growth model, there is no possibility to explain international trade by
comparative advantages. The two-country model of Dinopoulos and Segerstrom (1999) is con-
cerned with a trade explanation of increasing wage inequality but not with different growth
rates in the two economies, although international trade may affect steady state growth rates.
Their model is far too much involved to allow for an analysis out of the steady state.

3It should be noted that the steady state growth rates are largely independent of the par-
ticular consumption hypothesis. Moreover, the classical savings function involves some degree
of rationality since in its extreme version it implies convergence to the golden rule path in the
absence of externalities.
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2 The Closed Economy

2.1 The Static Equilibrium

Each of a large number of completely identical firms j of sector 1 uses labor L1j

and capital Kj to produce its output Y1j according to the production function

Y1j = Kα
j (Kβ/(1−α)L1j)

1−α, 0 < α, β < 1, α + β < 1.

The aggregate quantities are given by L1 =
∑

j L1j , K =
∑

j Kj , and Y1 =
∑

j Y1j . The presence of the aggregate capital stock K implies labor-augmenting
technical progress akin to the learning by doing respectively learning by invest-
ment formulation of Sheshinski (1967) or the endogenous growth model of Romer
(1986). Notice that the exponent of K, β/(1 − α), is smaller than one due to
the assumption that α + β < 1. If 1 − α − β = 0, the model would involve
scale-effects (cf. Jones, 1999, for a related discussion). Although the individual
production functions will not be used in the sequel, they are stated here in order
to emphasize that an external effect of learning by investment is assumed. If
learning were internal to firms, the assumption or perfect competition could not
be supported.

Under perfect competition, the individual production functions j can be ag-
gregated to a sectoral production function for the manufactured commodity 1
(cf. e.g. Sargent, 1987, p. 10):

Y1 = Kα(Kβ/(1−α)L1)
1−α = Kα+βL1−α

1 , 0 < α, β < 1, α + β < 1. (1)

While physical capital, K, is exclusively used in sector 1, labor, L, is allocated
between both sectors with Li denoting the amount of labor employed in sector
i (i = 1, 2). Production in the second sector (agriculture) uses no capital and
is linear in labor. To simplify the discussion of different learning opportunities
across sectors as much as possible, the input coefficient of labor in sector 2 is
constant and normalized to one. Thus, the production function of sector 2 can
be written as

Y2 = L2. (2)

Of course, Yi, K, L, and Li depend on time, but for the sake of notational con-
venience the time index t has been dropped. The supposed production structure
may be considered a minimal approach to a factor endowments theory of inter-
national trade in which a weak version of Rybczynski’s theorem holds [cf. (3)
and (4) below].

From the full employment condition for labor, L1 +L2 = L, and equation (2)
one gets L1 = L− Y2, where it is understood that all variables are not negative.
Substituting into (1) yields the transformation frontier at any point in time. As
is well known in international trade theory, the supply functions in a setting of
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perfect competition are the solutions of the revenue maximization problem4

max
Y1=0,Y2=0

{

pY1 + Y2 | Y1 = Kα+β(L− Y2)
1−α

}

,

where p denotes the relative price of commodity 1 in terms of commodity 2,
which is taken as the numéraire. The implied supply functions are

Y1 = (1− α)(1−α)/αK(α+β)/αp(1−α)/α (3)

Y2 = L− (1− α)1/αK(α+β)/αp1/α (4)

Complete specialization in agriculture is not possible as long as 0 < p <∞ and
K > 0. The economy will completely specialize in manufacturing, however, if p
or K take on sufficiently high values.

Households decide about savings and the allocation of consumption with re-
spect to the two commodities. As a simple and reasonable savings hypothesis,
an extreme version of the classical savings function is assumed. Accordingly, all
capital income is saved and all labor income is consumed. The instantaneous util-
ity function is assumed to be of the Cobb-Douglas form U(C1, C2) = Cθ1

1 C1−θ1
2 ,

where Ci denotes consumption of commodity i, i = 1, 2, and 0 < θ1 < 1. This
utility function implies that both commodities are consumed and therefore pro-
duced in a closed economy (if feasible). Hence, it follows from equation (2) that
the wage rate in terms of the second commodity is given by w = ∂Y2/∂L2 = 1.
Therefore, the representative household at any point in time maximizes his util-
ity function subject to the constraint pC1+C2 = L. The solution to this problem
is

pC1 = θ1L, (5)

C2 = (1− θ1)L. (6)

While it is assumed that the agricultural product is a pure consumption good,
the manufactured good shall serve for consumption as well as for investment.
Thus, the overall demand for the first commodity comprises C1 and investment
demand.

Equating demand, (6), and supply, (4), of the second commodity yields the
relative price in short-run equilibrium:

p =
θα1 L

α

(1− α)Kα+β
. (7)

Notice that the variables L and K are predetermined at any point in time.
Substituting into the supply functions (3) and (4), respectively, leads to the
equilibrium outputs of both sectors as functions of the predetermined variables:

Y1 = θ1−α
1 Kα+βL1−α (8)

Y2 = (1− θ1)L (9)

4Notice that the transformation frontier is strictly concave. Since physical capital is exclu-
sively used in sector 1, static revenue maximization is determined by the allocation of labor to
manufacturing and agriculture. Thus, the dynamic externality of learning by investment has
no distorting impact on static revenue maximization, although the private and social marginal
productivities of capital do not coincide.
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2.2 Dynamics

The population equals the labor force and grows at an exogenous and constant
rate n, 0 < n < 1, that is gL := L̇/L = n. (In general, derivatives with
respect to time are indicated by a dot and the growth rate of any variable x is
denoted as gx.) As the manufactured good can both be consumed and invested,
aggregate gross investment, I, in short run equilibrium is given by the difference
between output, Y1, and consumption, C1, of the first commodity. Neglecting
the depreciation of capital for simplicity, gross investment equals net investment:

K̇ = I = Y1 − C1. (10)

A steady state growth path is defined as a path along which all variables
grow at constant rates. Substituting (7) into (5) and dividing by Y1 according
to (8) implies C1 = (1 − α)Y1. Inserting into (10) and dividing by K yields
gK = αY1/K. Therefore, the capital-output-ratio in sector 1 must be constant
in a steady state (gY1 = gK). Imposing the conditions of steady state growth
and using gL = n, logarithmic differentiation of equations (8), (9), and (7) yields
the following growth rates in a long-run equilibrium:

gY1 = gK =
1− α

1− α− β
︸ ︷︷ ︸

=:γ

n = γn, (11)

gY2 = n, (12)

gp = −
β

1− α− β
n = (1− γ)n. (13)

Since it has been assumed that 1 − α − β > 0, it follows that γ > 1. Thus, the
output of the first commodity grows faster than labor and the model generates
semi-endogenous per capita growth. Using equations (11)–(13), the steady state
growth rate of national income in terms of the second commodity, Y = pY1 +Y2,
is

gY = (gp + gY1)
pY1

Y
+ gY2

Y2

Y
= n.

While this expression would imply that there is no long-run growth of per capita
income, gY/L = 0, it must be noted that this result does not take into account
that the relative price of the first commodity steadily declines. Thus, the growth
rate of national income (per capita) in terms of manufactured goods is

gY/p = gY − gp = γn, gY/(pL) = (γ − 1)n > 0.

In a steady state, gY1 − γgL = gK − γgL = 0 and gY2 − gL = 0, which implies
that the following scale adjusted per capita variables are constant in long-run
equilibrium:

y1 :=
Y1

Lγ
, k :=

K

Lγ
, y2 :=

Y2

L
. (14)

As shown in Appendix A, the model can now be reduced to a differential equation
in k describing the dynamic behavior of the closed economy:

k̇ = αθ1−α
1 kα+β − γnk. (15)
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Since 0 < α + β < 1 has been assumed, it is straightforward that equation (15)
possesses a unique positive equilibrium value

ke =

(
αθ1−α

1

γn

)1/(1−α−β)

(16)

which is globally stable for any historically given initial value of the scale adjusted
per capita stock of capital, k(0) = k0 > 0. It is therefore reasonable to consider
the steady state as describing the long-run development of the closed economy.

The implications of this model with respect to the comparison of various
autarkic countries are much like those of other standard models of non-scale
growth. The following proposition summarizes the main results.

Proposition 1 If the initial scale adjusted per capita stock of capital is positive,
there is a unique, globally stable steady state under autarky. In the steady state,
both commodities are produced and the production of agricultural goods grows at
the rate n. The production of manufactured goods grows at the rate γn > n and
the relative price of manufactured goods decreases at the rate (1− γ)n. National
income per capita in terms of manufactured goods grows at the rate (γ−1)n > 0.
It is constant in terms of agricultural goods.

3 The Small Open Economy

3.1 Steady State Analysis

Diversification In the case of a small open economy under free trade with the
rest of the world (ROW), the time path of the relative price p of the manufactured
commodity in terms of the agricultural good is exogenously given by the world
market. Accordingly, p is from now on interpreted as being exogenous to the home
country. The allocation of consumption depends on p and supply and demand
need not be equalized in the domestic markets. With respect to the dynamic
behavior of the model, it is sufficient to consider the households’ savings decision.
The supply functions are (3) and (4) as before.

It will be assumed that all parameters of the ROW are equal to the cor-
responding parameters of the home country, except for the rate of population
growth, which may be n∗ 6= n. This assumption implies that all steady state
growth rates derived in Section 2 may now be reinterpreted as being the growth
rates of the ROW, exogenous to the home economy.5 Supposing that the ROW
is in a steady state, the exogenous growth rate of the price ratio is

gp = −
β

1− α− β
n∗ = (1− γ)n∗ (17)

For ease of reference, the assumptions on which all of the following propositions
are based are summarized: The home country produces according to (1), (2),

5If n exceeded n
∗, the home country would necessarily become a large country in the long

run. It should be noted, however, that n
∗ has to be interpreted as the average growth rate of

the ROW, and the ROW consists of a large number of countries. Thus, the assumption of a
small country may be justified for a relatively long time horizon.
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and L1 + L2 = L in a setting of perfect competition, the population growth rate
being gL = n. Both commodities are consumed, while the first commodity serves
also as an investment good. All capital income is saved and all labor income is
consumed. The ROW is on a steady state path and the exogenous price ratio
declines at the rate gp = (1− γ)n∗.

As long as production is diversified (i.e., both goods are produced), the wage
rate is w = 1 and aggregate consumption satisfies pC1 + C2 = L. The savings-
investment decision under the extreme classical savings hypothesis is therefore
determined by

pI = pK̇ = pY1 + Y2 − L,

which together with (3) and (4) yields

K̇ = α(1− α)(1−α)/αK(α+β)/αp(1−α)/α. (18)

As the ROW is in a steady state, logarithmic differentiation of (18) using
(17) implies that a constant growth rate of K requires

gK = −
1− α

β
gp = γn∗.

Hence, the variable k̃ defined by

k̃ := Kp(1−α)/β (19)

must be constant in a steady state and the dynamics in case of diversification

can be analyzed in terms of k̃. From the definition of k̃,
˙̃
k = gK k̃ − γn∗k̃.

Substitution of gK according to (18) (out of the steady state) and noting that
Kβ/αp(1−α)/α = k̃β/α yields

˙̃
k = α(1− α)(1−α)/αk̃(α+β)/α − γn∗k̃. (20)

Since (α + β)/α > 1, the long-run equilibrium k̃e is unstable (cf. Figure 1).6

Even though the differential equation (20) has an equilibrium solution k̃e > 0,
the existence of a steady state further requires that n = n∗. A procedure similar
to the one used in deriving equation (15) (cf. Appendix A) may be applied in
order to express equations (3) and (4) as functions of k̃:

Y1 = (1− α)(1−α)/αk̃(α+β)/αp−(1−α)/β , (21)

Y2 = L− (1− α)1/αk̃(α+β)/αp−(1−α−β)/β . (22)

6Equation (20) is valid for t → ∞ only if k̃0 5 k̃e. If k̃0 > k̃e, there is a finite t̄ such that
limt→t̄ k̃(t) = ∞, cf. Appendix B. This causes no problems since the economy will switch to
complete specialization in the production of the first commodity at a time t1 < t̄ in such a
case. The dynamic evolution then follows another differential equation. If k̃0 < k̃e, it is proven
in Appendix D that the economy asymptotically specializes in agriculture. Since k̃(t) > 0 and
hence K(t) > 0 for any finite time t in case of a positive initial capital stock, however, a small
amount of the first commodity will nevertheless be further produced forever. Thus, equation
(20) continues to be valid in this case.
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Figure 1. Instability of the Diversified Steady State

Equations (21) and (17) immediately imply that gY1 = γn∗ in a steady state.
Equation (22), however, implies

gY2 = n
L

Y2
− n∗

L− Y2

Y2
. (23)

Thus, gY2 would be constant only if either n = n∗, in which case gY2 = n, or if
L/Y2 was constant. The second case implies a contradiction since gY2 = n from
L/Y2 = const., while gY2 6= n from (23) if n 6= n∗.7

In view of these results, diversified production in the long run is a knife-edge
event for the domestic economy. If the knife-edge conditions are not met, a
process of complete industrialization or deindustrialization will be initiated at
the time of switching to free trade. For the sake of completeness, notice that
if n = n∗, (17), (21), and (22) immediately imply the final statement of the
following proposition, which summarizes the main results.

Proposition 2 A diversified steady state under free trade does not exist unless
the growth rates of population at home and in the ROW coincide. If a diversified
steady state exists, it is unstable. If the home country starts at the steady state
when switching to free trade, all domestic growth rates coincide with the autarkic
growth rates of Proposition 1.

Although the implication of complete specialization in the long run may appear
to be strange at first sight, it should be taken into account that the two goods
in this model must be interpreted as representing the entire industrialized and
agricultural sectors, respectively, and that no impediments to international trade
exist in the model. As an example, Germany’s 2000 share of agriculture in
gross value added has been just about 1.2%, and without the European Union’s

7The situation resembles the dynamic Oniki-Uzawa-Bardhan version of the 2× 2× 2-model
of international trade, where it is impossible for both countries to be on a steady state path
unless the population growth rates coincide, cf. Bardhan (1970, p. 53). Although Khang
(1971) has proven that, under suitable assumptions, both countries nevertheless asymptotically
approach a steady state path, his result hinges on the fact that the relative population size of
the country with the larger population growth rate converges to one while its per capita imports
approach zero. In effect, the larger country is asymptotically autarkic, while the smaller country
asymptotically completely specializes in such a case.
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Common Agricultural Policy this share would even have been smaller. On the
other hand, Ethiopia’s 2000 share of industry in gross value added was just about
11%. Similar examples could easily be added. The implication of complete
specialization under free trade in the long run appears to be quite reasonable.

Comparative Advantages According to (7), the price ratio under autarky de-
pends on the absolute values of L and K as well as on the preference parameter
θ1. Thus, a general proposition in terms of the variables k and k̃ about the
comparative advantages at the time when the country opens up to international
trade is not possible. E.g., k̃0 > k̃e does not generally imply that the home coun-
try has a comparative advantage in manufacturing. The following proposition is
proven in Appendix C, however.

Proposition 3 Suppose that the home country is on its autarkic steady state path
at time t = 0 (k0 = ke) when it switches to free trade.

a) If n = n∗, the home country has a comparative advantage in manufacturing
(agriculture) if k̃0 > k̃e (k̃0 < k̃e), while no international trade actually occurs
if k̃0 = k̃e.

b) If n < n∗, the home country has a comparative advantage in manufacturing
if k̃0 = k̃e. Otherwise, no simple statement is possible.

c) If n > n∗, the home country has a comparative advantage in agriculture if
k̃0 5 k̃e. Otherwise, no simple statement is possible.

Proposition 3 together with Proposition 2 implies that actually no international
trade takes place at a diversified steady state.

Specialization in Agriculture To be brief, the expression specialization will al-
ways mean complete specialization in the sequel. It is intuitively clear from
Figure 1 and rigorously proven in Appendix D that the economy asymptotically
specializes in agriculture if k̃0 < k̃e, where k̃0 is the initial value of k̃ when
the country opens up to international trade. If only the second commodity is
produced, the relevant growth rates follow immediately from Y = Y2 = L and
(17):

gY = gY2 = n, gY/p = n + (γ − 1)n∗, gY/L = 0, gY/(pL) = (γ − 1)n∗.

Thus, the per capita growth rate of the home economy is determined by the
growth rate n∗ of world population and independent of the own rate of population
growth. Of course, since both commodities are consumed at home, the country
imports manufactured goods and exports agricultural goods.

A steady state with specialization in agriculture is sustainable since p contin-
uously declines, that is, the terms of trade of the country exporting agricultural
goods steadily improve while there is no increase in productivity of manufactur-
ing at home. In summary:

Proposition 4 If k̃0 < k̃e, the home country asymptotically specializes in agricul-
ture. Its steady state growth rate of per capita income is independent of its own
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rate of population growth. Per capita income in terms of manufactured goods
grows at the rate (γ − 1)n∗ > 0, while it is constant in terms of agricultural
goods.

Suppose that n > n∗. Then the home economy could reach a higher growth
rate, (γ − 1)n, of per capita income by switching to autarky (if K > 0). Thus,
if n > n∗ and k̃0 < k̃e, there is a negative growth-trade linkage related to a
process of deindustrialization. As will soon be seen, there is a positive growth-
trade linkage if n > n∗ and k̃0 > k̃e, related to a process of industrialization.
In other words, a country with a higher growth rate of population than the
ROW and k̃0 < k̃e would be better-off by sticking to autarky and waiting till
its capital stock has grown to ensure that k̃0 > k̃e (recall equation (19) and
note that capital under autarky grows faster than p(1−α)/β falls in the ROW if
n > n∗). It is important to observe that, starting at the autarkic steady state,
a comparative advantage in agriculture is necessary but not sufficient for this
scenario (cf. Proposition 3).

Although it will be shown that a country will asymptotically specialize in
agriculture regardless of the initial value k̃0 if n < n∗, there is a positive growth-
trade linkage in this case. According to Proposition 4, the growth rate of per
capita income in terms of manufactured goods is (γ − 1)n∗, which exceeds the
autarkic growth rate according to Proposition 1 if n < n∗.

Specialization in Manufacturing The wage rate is now w = p∂Y1/∂L, and

wL = (1− α)pY1.

Substituting into pK̇ = pY1 − wL yields

K̇ = αY1 = αKα+βL1−α, gK = αkα+β−1. (24)

Inserting gK into k̇ = gKk − γnk from the definition of k implies

k̇ = αkα+β − γnk. (25)

It follows from this equation that there is a unique and stable long-run equilib-
rium provided that specialization in manufacturing is sustainable. It is shown
in Appendix B for the case of diversification that lim k̃(t) →∞ in finite time if
k̃0 > k̃e. Thus, since p declines, the right hand side of (22) implies that Y2(t1) = 0
at a finite time t1 and specialization in manufacturing emerges. Since L1 = L, it
follows from equation (1) that gY1 = gK = γn in a steady state. Together with
(17) this result yields

gY = γn + (1− γ)n∗, gY/L = (γ − 1)(n− n∗), gY/p = γn, gY/(pL) = (γ − 1)n.

Of course, the country exports manufactured goods in exchange for agricultural
goods.

While a thorough analysis of the transitional dynamics is postponed to Sec-
tion 3.2, it may be noted at this stage that the steady state with specialization
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in manufacturing is sustainable only if n = n∗. To prove this, note that the right
hand side of equation (4) must remain non-positive, which requires

n 5 α + β

α
gK +

1

α
gp =

α + β

α

1− α

1− α− β
n−

β

α(1− α− β)
n∗ ⇐⇒ n = n∗.

In summary:

Proposition 5 If k̃0 > k̃e, there is a finite time t1 such that the home country
specializes in manufacturing at t1. This pattern of specialization is sustainable
only if the growth rate of population at home is not smaller than in the ROW. If
it is sustainable, there is a unique and stable steady state in which the growth rate
of per capita income increases in the domestic rate of population growth. The
growth rate of per capita income in terms of agricultural goods is (γ−1)(n−n∗),
while in terms of manufactured goods it grows at the rate (γ − 1)n.

In contrast to the case of an economy specializing in agriculture, the faster
the domestic population of an industrialized country grows, the higher is the
growth rate of per capita income. In contrast to autarky, per capita income now
also grows at a positive rate in terms of agricultural goods if n > n∗. This result
points to an important source of dynamic gains from trade: If the ROW grows
slower than the home country, the domestic terms of trade under free trade fall
at a smaller rate than they do in the case of autarky. Thus, if n = n∗ and
k̃0 = k̃e, there is a non-negative growth-trade linkage. Moreover, if n > n∗,
the growth rate of income per capita in terms of manufactured or agricultural
goods according to Proposition 5 exceeds the corresponding growth rates of an
agricultural country according to Proposition 4 despite the fact that the terms
of trade of the industrialized country worsen steadily.

According to Proposition 3 it is possible that if n > n∗, a country has a com-
parative disadvantage in manufacturing even if k̃0 > k̃e. Under free trade, this
disadvantage will switch over to an advantage and the country will grow faster
than the ROW in the long run. Thus, initial backwardness may be overcome
even under free trade if the country has the potential to grow fast, here measured
by its relative population growth rate. The comparison of the various possible
configurations that have been analyzed (and additionally the knife-edge cases
that have been passed over) together with Proposition 3 yields the following

Proposition 6 A negative influence of international trade on per capita income
growth occurs if and only if n > n∗ and k̃0 5 k̃e. If the home economy starts
at its autarkic steady state, an initial comparative advantage in agriculture is a
necessary condition for a negative growth-trade linkage.

3.2 Transitional Dynamics

The Dynamical System According to Proposition 5, it is possible that an econ-
omy with diversified production under free trade reaches specialization in manu-
facturing although the specialized steady state is not sustainable if n < n∗. This
result suggests the importance of a thorough analysis of the transitional dynam-
ics. As the dynamics in case of diversification or asymptotic specialization in
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agriculture are best described by the variable k̃ while k is the proper alterna-
tive in case of specialization in manufacturing, the analysis of phase diagrams in
(k, k̃)-space suggests itself.

The following results are proven in Appendix E. The transition line between
the regions of diversification and specialization in manufacturing in (k, k̃)-space is
a hyperbola. Below this hyperbola, the economy is diversified as long as (k, k̃) >

(0, 0), and above it specializes in manufacturing. Both isoclines k̇ = 0 and
˙̃
k = 0

are horizontal lines defined by k̃ = k̃1 and k̃ = k̃2 ≡ k̃e (cf. Figure 1), respectively,
if the economy is diversified. In case of specialization in manufacturing, the
isoclines are vertical lines defined by k = k1 and k = k2, respectively, where k1 is
the equilibrium value of k in case of specialization in manufacturing. The values
k̃1, k̃2, k1, and k2 are defined in Appendix E. The isoclines coincide if n = n∗,

while
˙̃
k = 0 lies above (below) k̇ = 0 if n < n∗ (n > n∗). Thus there are three

principal cases to consider. Finally, the assumption 0 < θ1 < 1 implies that k1

exceeds the autarkic equilibrium value ke of k defined in (16). As it is unlikely
that an economy starts with k > ke when switching to free trade, it is reasonable
to concentrate on initial values k0 < k1.

k

k̃
˙̃
k = k̇ = 0

+ −

k1 = k2

k̃1
=
k̃2

Complete Specialization
in Manufacturing

Diversification

µ

)

Figure 2. Phase Diagram: n = n∗

The Case n = n
∗ Figure 2 depicts the phase diagram of the home economy

for n = n∗. Although a diversified steady state exists since k̇ = 0 and
˙̃
k = 0

coincide, it is unstable. Given the assumption that k0 < k1 at the time when
free trade is allowed, the economy starts to the left of k1 in Figure 2.8 Therefore,
all depends on whether k̃0 > k̃1 (= k̃2 = k̃e) or k̃0 < k̃1, where k̃0 is the initial
value of k̃ at the time when the economy switches from autarky to free trade.

8A deeper analysis of the case k0 > k1 is of minor interest and will not be pursued here.
Notice that it is impossible to infer from the phase diagram alone whether a trajectory starting
in the upper right region reaches an equilibrium with specialization in manufacturing or switches
to diversification to the right of k̇ = 0. An analysis of the dynamics in such a case by explicit
solution of equations (25) and (A11), where it is also shown that k̃ asymptotically approaches

a finite equilibrium value on
˙̃
k = 0 if specialization is sustainable, is available from the author

upon request.
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In the first case, the home country will eventually specialize in the production
of commodity 1, and in the second case, it will asymptotically specialize in the
production of commodity 2. As the growth rates at the diversified steady state
coincide with the autarkic growth rates (cf. Proposition 2), there is no possibility
for the home country to influence its initial position by sticking to autarky for
a longer time. E.g., if industrialization at home started later than in the ROW,
the domestic capital stock would be smaller than on average in the ROW and
k̃0 < k̃1.

k

k̃
˙̃
k = 0 k̇ = 0

+ − + −

k1k2

k̃1

k̃2 Complete Specialization
in Manufacturing

Diversification)

Figure 3. Phase Diagram: n < n∗

The Case n < n
∗ As can be seen from Figure 3, the economy asymptotically

specializes in agricultural production, regardless of the initial values (cf. Propo-
sition 5). The figure includes just one trajectory that shows how an economy
evolves which starts with a comparative advantage in manufacturing (cf. Propo-
sition 3) but has a relatively small rate of population growth. Starting from
diversification, the economy specializes in manufacturing for a finite time in-
terval and eventually enters the region of diversification again, from which it
converges to asymptotical specialization in agriculture. Thus, an industrialized
country with too low a growth rate looses its competitiveness under free trade
and becomes deindustrialized. The reason is that the domestic capital stock
grows at the rate γn, while in the ROW it grows at the average rate γn∗ > γn.

The Case n > n
∗ Finally, if n > n∗, the situation shown in Figure 4 is similar to

the case n = n∗. If k̃0 > k̃2, the economy specializes in manufacturing in the long
run, and if k̃0 < k̃2, it asymptotically specializes in agriculture.9 In contrast to
the case n = n∗, however, the movement of k need not be monotonous. Moreover,
as the growth rate gK of capital under free trade at k̃ = k̃2 would be γn∗ while
under autarky it would be γn > γn∗, the home country can influence its initial
position. If it switches later from autarky to free trade, its capital stock grows
faster than capital in the ROW. Hence, it is possible to reach an initial value

9If k̃0 = k̃2, the economy slides along the isocline
˙̃
k = 0 with limt→∞ k(t) = 0 remaining

diversified.
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¾¾¾

Figure 4. Phase Diagram: n > n∗

k̃0 > k̃2 and to avoid long-run specialization in agriculture.

4 Concluding Remarks

The extension of a simple non-scale growth model by a second sector and in-
ternational trade reveals that the rate of population growth is an important de-
terminant of endogenous comparative advantage, industrialization, and long-run
growth. International trade leads to a process of industrialization or deindustri-
alization of the domestic economy, which in turn explains differences in long-run
growth rates and in the effects of the population growth on per capita income
growth across various countries. E.g., the growth rate of per capita income in
terms of manufactured goods increases in the population growth rate in industri-
alized countries but not in agricultural countries, where the growth rate depends
on the growth rate abroad. A country with a relatively high growth rate of
population enjoys a positive growth-trade linkage if it has an initial comparative
advantage in manufacturing but a negative linkage is possible in case of a disad-
vantage leading to a process of deindustrialization. A country with a relatively
low rate of population growth (n < n∗) may even loose an initial comparative
advantage in manufacturing and become deindustrialized in the long run. Nev-
ertheless, it gains from international trade because its terms of trade improve
faster under free trade than its price ratio under autarky.

The possibility of deindustrialization in case of a relatively small initial cap-
ital stock is akin to the low-level traps known in neoclassical growth theory (for
a recent analysis, cf. Deardorff, 2001). The present model goes a step ahead
in showing that there are not only low-level traps, but also low-growth rate
traps, which appear in an otherwise well-behaved model of international trade
without any strange assumptions. In fact, it is possible that the long-run per
capita growth rate in industrialized countries is higher than in rural countries
although the terms of trade of exporters of manufactured goods steadily decline.
If agricultural goods were sufficiently inferior to prevent the terms of trade of
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manufacturing countries from declining, this prediction would be reinforced.
These results show that there is no simple answer to the question about the

best development policy (outward-looking or import substitution). A country
with a relatively high growth potential (here measured by the growth rate of
population) will suffer from a negative growth-trade linkage related to a process
of deindustrialization if it opens up to international trade too early, but it enjoys
a higher growth rate under free trade if it is able to start with a comparative
advantage in manufacturing. Thus, the timing of the switch from autarky to free
trade matters. In this sense, there is no policy ineffectiveness in this non-scale
growth model and some temporary policy measures aimed at protecting infant
industries may be reasonable. This prediction accords well with the empirical
evidence about the growth of the East Asian newly industrialized countries.
Although these are often quoted as examples for a successful development under
free trade, a closer look at the facts reveals that they did not strictly stick to
a neutral, outward-looking development strategy (for the case of South-Korea,
cf. Pack and Westphal, 1986), but engaged in an industrial policy aiming at an
accelerated industrialization.

While a country with a relatively low growth potential will enjoy a positive
growth-trade linkage, it must be noted that this result crucially hinges on the
assumed preferences, which imply improving terms of trade of the agricultural
societies. Also, measuring the growth potential by the rate of population growth
may be appropriate in some cases, but not always. E.g., specific applications
require to distinguish between population and the labor force or even human
capital and raw labor. A country may also gain from international knowledge
spillovers which have been neglected here on the basis of the empirical evidence
by Branstetter (2001) as a first approximation to reality. This evidence does not
exclude any international spillovers. It is obvious that international trade will
at least transfer the knowledge about the existence of commodities which are
not available at home. The flow of such basic knowledge, however, would only
be prevented in case of prohibitive protectionism. All of these issues point to
possible extensions of the model for future research.

Appendix

A Reduction of the Closed Economy Model to Equation (15)

Substituting (8), (5), and (7) into (10) yields

gK =
K̇

K
= αθ1−α1 Kα+β−1L1−α = αθ1−α1

(
K

Lγ

)α+β−1

Lγ(α+β−1)L1−α = αθ1−α1 kα+β−1,

because, according to the definition of γ, γ(α+ β − 1) + 1− α = 0. From the definition
of k, k̇ = gKk − γnk, which together with the expression for gK implies (15). Finally,
note that equations (8), (9), and (7) may similarly be expressed in terms of the scale
adjusted per capita variables (14):

y1 = θ1−α1 kα+β , y2 = 1−θ1, p =
θα1

(1− α)kα+β
L−β/(1−α−β) =

θα1
(1− α)kα/γ

K−β/(1−α).

(A1)

16



Thus, if k converges to its long-run equilibrium, so do y1, y2, and p, where the latter
falls at the constant rate (1− γ)n in the steady state.

B Explicit Solution of Equation (20)

Equation (20) is a Bernoulli equation. Thus, it is straightforward to calculate its explicit
solution as (cf. any textbook on ordinary differential equations):

k̃(t, k̃0) =
[(

k̃
−β/α
0 − k̃−β/αe

)

e
β

α
γn∗t + k̃−β/αe

]
−α/β

, (A2)

where

k̃e =

(
γn∗

α(1− α)(1−α)/α

)α/β

. (A3)

It is now readily seen that limt→∞ k̃(t, k̃0) = 0 if k̃0 < k̃e, and that there exists a t̄ <∞
such that limt→t̄ k̃(t, k̃0) =∞ if k̃0 > k̃e.

C Proof of Proposition 3

In order to prove Proposition 3, the price ratios under autarky and on the world market
must be distinguished. Thus, deviating from notation in the main text, p now denotes the
price ratio under autarky at home while p∗ is the world market price ratio. Substituting
ke from (16) into (A1) yields the price ratio under autarky for k0 = ke at time t = 0:

if k0 = ke, then p =

(
γn

α(1− α)(1−α)/α

)α/(1−α)

K(0)−β/(1−α). (A4)

Setting k̃0 = K(0)(p∗)(1−α)/β T k̃e and using k̃e provided in (A3) implies

k̃0 T k̃e ⇐⇒ p∗ T
(

γn∗

α(1− α)(1−α)/α

)α/(1−α)

K(0)−β/(1−α). (A5)

Proposition 3 follows from comparing the price ratios in (A4) and (A5) for the various
cases.

D Asymptotic Specialization in Agriculture

From equation (21), in order to prove asymptotic specialization in agriculture, it has
to be shown that k̃0 < k̃e implies limt→∞ k̃(t)(α+β)/αp(t)−(1−α)/β = 0. Using equation
(A2) and p(t) = p0e

(1−γ)n∗t according to (17), the product on the left hand side in case
of k̃0 < k̃e is

p
−(1−α)/β
0







(

k̃
−β/α
0 − k̃−β/αe

)

︸ ︷︷ ︸

>0

eβ
2γn∗t/[α(α+β)] + k̃−β/αe e−βγn

∗t/(α+β)







−(α+β)/β

.

It is straightforward that this expression converges to 0 for t→∞.

E The Isoclines in Figures 2, 3, and 4

The transition line from diversification to specialization in manufacturing in (k, k̃)-space
can be obtained by setting Y2 = 0 in equation (4) and dividing by L. After some by
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now well known manipulation, one gets 1 = (1 − α)kα+βpLβ/(1−α−β), where it should
be recalled that k = K/Lγ according to (14). Substituting p = k̃β/(1−α)K−β/(1−α) from
the definition of k̃ in (19) and rearranging yields

1 = (1− α)1−αkα(1−α−β)k̃β , (A6)

the hyperbola in Figures 2, 3, and 4. It is straightforward that below this hyperbola the
economy is diversified as long as (k, k̃) > (0, 0), while above it specializes in manufac-
turing.

The definitions of k and k̃ imply k̃ = kLγp(1−α)/β , from which

gk̃ = gk + γ(n− n∗). (A7)

Substituting gk̃ from (20) yields

k̇ = α(1− α)(1−α)/αk̃β/αk − γnk, (A8)

which together with (20) describes the dynamics in case of diversification. The isoclines

k̇ = 0 and
˙̃
k = 0 are given by

k̇ = 0 : k̃ = k̃1 :=

(
γn

α(1− α)(1−α)/α

)α/β

(or k = 0), (A9)

˙̃
k = 0 : k̃ = k̃2 :=

(
γn∗

α(1− α)(1−α)/α

)α/β

(or k̃ = 0), (A10)

where k̃2 equals k̃e defined before, cf. Figure 1.
In the case of specialization in manufacturing, using (25) together with (A7) yields

˙̃
k = αkα+β−1k̃ − γn∗k̃, (A11)

which together with (25) describes the dynamics in this case. The isoclines k̇ = 0 and
˙̃
k = 0 are given by

k̇ = 0 : k = k1 :=

(
α

γn

)1/(1−α−β)

(or k = 0), (A12)

˙̃
k = 0 : k = k2 :=

(
α

γn∗

)1/(1−α−β)

(or k̃ = 0), (A13)

where k1 is the equilibrium value of k in case of sustainable specialization in manufac-

turing. Inserting k1 and k̃1 or k2 and k̃2, respectively, into (A6) reveals that the loci
˙̃
k = 0 and k̇ = 0 are continuous. The formulas (A9) and (A10) imply that

˙̃
k = 0 and

k̇ = 0 coincide if n = n∗, and that
˙̃
k = 0 lies above (below) k̇ = 0 if n < n∗ (n > n∗).
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