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Abstract

We construct a model of endogenous technological change with trade (in the absence of foreign direct
investment separating innovation from production) that displays multiple steady states with divergence in levels
and in growth rates. This shows trade can be a force for both development and underdevelopment. Our dynamic
model of trade simultaneously explains: comparative advantage, the advantages of being open for the
technological leader, that lagging countries might benefit from being closed, the possibility of divergence under
trade for lagging countries, and under what circumstances lagging countries can converge to development under
trade, possibly overtaking the leader. The sources of divergence we consider are inherent characteristics of the
process of technological change (for example as described throughout Aghion and Howitt’s work). The first is
the need for absorptive capacity for innovators taking advantage of leading edge technologies. The second is the
existence of innovation externalities between goods, the basis of technology spillovers and of the concept of
“leading edge technology.” It follows that the more goods are engaged in R&D in any country, the more
productive R&D is. We provide a historical discussion of the emergence of development and underdevelopment
during the 19th Century and until 1914 that is consistent with and exemplifies the possibilities explained by the
model.
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1. Introduction

While trade is widely held to be a force for convergence between countries, we argue that in fact trade can
simultaneously be a force for development and for underdevelopment, and that this has been the case since the
Industrial Revolution and the Great Divergence. To do so we provide a historical discussion of the First Great
Age of Globalization during the 19th Century and until 1914, and a theoretical model of trade and economic
growth that displays multiple steady states, representing development and underdevelopment, that can be applied
both in the longer term or contemporaneously.

Two sources of divergence are considered, that are inherent characteristics of the process of technological change.
The first is the need for absorptive capacity in taking advantage of leading edge technologies. The second is the
existence of innovation externalities between goods, which implies that the more goods are engaged in R&D in
any country, the more productive R&D is. We explain below how these are essential characteristics that are
implicit in the process of technological change as described by Aghion and Howitt through their work (e.g.
Aghion & Howitt, 1992, Aghion et al., 1998, Howitt, 2000, and so on).

Trade has played a major role in modern economic growth since its origins. It forms a major strand in
Maddison’s (2001) description of the economic ascension of Western Europe through Venice, Portugal, Spain,
the Netherlands and Britain, from the year 1000 to the present. The Great Discoveries were motivated by the
spice trade. Cotton exports in late 18th and early 19th Century England, widely recognized as the Industrial
Revolution’s leading sector, rose from 6% of total British exports in 1784-6 to a peak of 48.5% in 1834-6
(Chapman, 1987). The growth of this sector and the incentives for its increased productivity were directly linked
with imports of cheap raw materials from India at this initial juncture of the Great Divergence (Broadberry and
Gupta, 2009). More recently, the rapid growth of Germany, Israel, Cyprus, Spain, Portugal, Malta, Ireland and
Iceland were intimately linked with trade. More spectacularly, the development of Japan and the East Asian
countries was also inextricably linked with trade.

Foreign direct investment (FDI) became a major actor towards the end of the 19th Century, with the Second
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Industrial Revolution. Wilkins (1970) identifies 1875-1914 as the period of “...the rise of truly large-scale
foreign investments in the private sector” including “...more foreign direct investments than most subsequent
commentaries have recognized” (cited in Lipsey, 2001). Investments in the colonial and dependent countries
became a source of extraordinary profits, due to very cheap labor and raw materials. By 1899 giant corporations
such as the United Fruit Company controlled 90 per cent of US banana imports. By 1914 Royal Dutch/Shell
accounted for 20 per cent of Russia’s total oil production and Standard Oil of New Jersey, Singer, International
Harvester, Western Electric, and, Ford Motor Company had major production facilities outside the United States
(Beaudreau, 2004). British assets abroad amounted to between 124 and 180% of its GDP in 1914. Taking British
investment as a whole, between 1865 and 1914 approximately as much went to underdeveloped Africa, Asia, and
Latin America (29.6%) as to the UK itself (31.8%) (Ferguson, 2003). Svedberg (1978) estimates that some 44 to
60% of the $19 billion of accumulated investment in developing countries in 1913-14 consisted of foreign direct
investment.

Table 1. Examples of three types of growth patterns for open and closed economies

India and China Mexico and Brazil United States’
. India: 200M Mexico: 6.5M
1820 Population . . 10M
China: 381M Brazil: 4.5M
Institutions, governance Weak, serving British interests Weak, closed Strong, inherited from Britain
Open by force: Discretionary:
P . y High tariffs, many cities . y . .
Trade India: 1757 inland “American System” based on industrial
China: 1842 protection
1820 GDP per capita® India: $533 Mexico: $759 $1.957
pereap China: $600 Brazil: $646 !
1613 GDP per capita India: $673 Mexico: $1,732 $5.301
percap China: $552 Brazil: $811 ’
Growth factor x 1.3 Mexico: x 2.3 42
X 4,
1820-1913 x 0.9 Brazil: x 1.3
. India: $938 Mexico: $6,289
1980 GDP per capita’ . . $18,577
China: $1,067 Brazil: $5,198
Growth factor x 1.8 Mexico: x 8.3 148
X .
1820-1980 x 1.8 Brazil: x 8.0

Note. The table compares initial conditions in several peripheral countries in 1820, and economic growth from 1820 to 1913 and 1980.
fUK population in 1820: 21M. UK income: $1,250 in 1700, $1,706 in 1820, $12,931 in 1980.
#1990 International Geary-Khamis dollars. Source: Maddison (2004).

Here we discuss and model the role of trade in economic growth and divergence. A closely related model for FDI
is provided in Mayer-Foulkes (2015). (I consider the case when innovation occurs in one country and production
in another to be FDI.) Thus here we are only concerned with innovation that occurs in the same countries that
carry out production in each sector.

1.1 Free Trade in the History of Development

Notwithstanding Adam Smith’s and David Ricardo’s arguments for free trade, both Britain and the US adopted
Free Trade only after they gained industrial supremacy. The repeal of the Corn Laws in Britain in 1846, allowing
the import of grains, was based on the power of steam engine run industrial production to pay. Similarly, while
US opposition to free trade had been a staple of 19th and early 20th century foreign policy, the metamorphosis to
unwavering support for Free Trade occurred until 1934, when Roosevelt signed the Reciprocal Trade
Agreements Act, based on electric power-based mass production supporting US industrial supremacy
(Beaudreau, 2004).

To understand how industrial producers look at trade it is necessary to consider the dynamic impacts of trade on
productivity. These reflect not only on the histories of developed countries, but also in the histories of weaker
trading partners. Table 1 compares the initial conditions of lagging countries India, China, Mexico, Brazil, and
the US in 1820, when Great Britain had become the industrial leader of its time. Both India and China were
opened to trade by force, India in 1757 and China in 1842. From the point of view of sovereignty, their
institutions were weak, and they were forced to follow policies serving British and other foreign interests. This
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was followed by a period of pronounced deindustrialization in India, China and the rest of the periphery
(Williamson, 2004), as can be appreciated in Figure 1.
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Figure 1. Distribution of manufacturing output by regions, 1750-1938

Note. Proportion of manufacturing output taking place in the Developed Core, China, India, and the rest of the periphery from 1750 to 1938.
Source: Simmons (1985), quoted by Williamson (2004).

Mexico and Brazil, with much smaller populations, completed their independence in 1821 and 1823, with
institutions inherited from Spain and Portugal. As in Latin America generally, the main cities were inland and
governments used tariffs to finace themselves. Thus Mexico and Brazil were relatively closed to trade.

By 1820 the US was very well placed to imitate the British advances. Its first factory in 1790 was based on
British textile machinery secrets brought by Samuel Slater to the US (Everett, 2006).

The American System was advanced by Henry Clay and others after 1812. It implemented high tariffs to protect
American infant industries from British industrial supremacy, and promoted trade between North, South and
West through transportation improvements. The South, having access to markets for its cotton, had no incentives
to join the System, one of the causes of the Civil War (Spannaus et al., 2015; Salisbury, 2015).

Thus India and China were essentially open through the long 19th Century until 1914, while Mexico, Brazil and
the US were relatively closed to trade during that time.

What is interesting here is that we see two quite different and persistent tiers of divergence. Between 1820 and
1980, India and China both multiplied their income per capita by 1.8. On the other hand, Mexico and Brazil
multiplied their income per capita by 8.3 and 8.0. (Note that during this period India, China, Mexico, Brazil, and
the US multiplied their populations by factors of 2.6, 3.2; 10.4, 27.3; and 22.8, the last two importantly through
migration.) The US multiplied its income per capita by 14.8, overtaking the industrial leader, Great Britain,
which grew by a factor of 7.6.

These figures are consistent with divergence in levels and divergence in growth rates, as well as the possibility of
convergence and overtaking. Divergence in levels refers to trajectories, or steady states, with parallel growth, and
divergence in growth rates to trajectories, or steady states, with different rates of growth, the higher one growing
faster.

It is noteworthy that the lagging countries that were open to trade, India and China, diverged more than the
countries closed to trade, Mexico and Brazil, and that a country capable of overtaking the leader, the US, chose
to remain closed to do so.

A dynamic model of trade must therefore be able to simultaneously explain: comparative advantage and its
benefits, the advantages of being open for the technological leader, why lagging countries might benefit from
being closed, the possibility of divergence under trade for lagging countries, and under what circumstances
lagging countries can converge to development under trade (such as the Asian tigers).

A further test of a dynamic trade model is to be able to explain the main features of the “Colonial Diktat”
imposed by colonial powers on their colonies (See Bairoch, 1997), who asserts that the colonial diktat was the
main cause for the non-transmission of the Industrial Revolution outside Europe).

The typical “colonial diktat” consisted of (a) colonies could import only products from the metropolis and tariff
rates had to be low, normally 0%; (b) colonial exports could be made only to the metropolis, from where they
could be re-exported; (c) production of manufactured goods that could compete with metropolitan products was
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banned; and (d) transport between colony and metropolis was conducted only on metropolis ships. (See
Beaudreau, 2004, who cites Bairoch, 1997).

To model the impact of trade on economic growth and divergence, first | extend the model in Howitt and
Mayer-Foulkes (2005) to open, trading economies. The first source of divergence | consider is the need for an
absorptive capacity for taking advantage of leading edge technologies. The second source of divergence that is
modelled is innovation externalities between goods. Here the idea is that the more goods are engaged in R&D in
any country (the unit of analysis is really the knowledge system), the more productive R&D will be. More
advanced and more populous countries will produce a wider variety of goods and will therefore have dynamic
advantages in R&D. This idea also applies to specialization in sets of goods where more innovation can take
place, for example industrial production versus raw materials.

In what follows, we provide a model of trade and technological change that generates multiple steady states
displaying divergence in levels and in growth rates. We then discuss its conclusions.

2. The Model: Free Trade and Innovation
We first describe production and trade and then turn to innovation
2.1 Trade

We introduce trade in the Howitt and Mayer-Foulkes (2005) model. Consider two countries, Country 1 and
Country 2, that produce a set of tradeable goods indexed by [0, 1]. We will assume that Country 1 is the
technological leader. We use a continuum of tradeable goods that is analogous to the set of intermediate goods in
Howitt and Mayer-Foulkes (2005). At time t, Country 1 produces on the set [0, &) and Country on the set
(&;,1], where

Sutén =1 (D)
The sets [0, &, [&1, 1] of goods which each country produces are assigned by trade through international
competition by prices. This involves both the technological level and a comparative advantage in the production
of each good.

To simplify the model we assume that for each good produced by a country, there is a single infinitely lived
incumbent who innovates with certainty. For each good the incumbent produces as a monopolist, subject to a
competitive fringe producing with a smaller productivity by a factor of x > 1. Therefore the incumbent can sell at
a price which is a multiple x of her cost. For simplicity we assume this factor is the same in both countries. Since
innovation proceeds with certainty, we assume that all goods in each country share the same technological level.

To express some of the economic quantities symmetrically between countries, we let & =1-¢& and consider
variables 7, €[0,£,1=G,, 7, ¢€[0,£,)=G, indexing the goods each country produces. When instead we use an
index 5 e[0,1] for the whole interval of goods, when 7 <[0,&£,] it represents a good produced by Country 1,
while when ;¢ (g, 1], it represents through a change of variable good 7, =1-7€[0,&,) produced by Country
2.
The production functions for good 7, ¢G, produced by Country i, with =12, are

Yie(7:) = Q= xm) A (7). 1=1,2. 2
All goods produced by Country i share the same technological level A atanytime t. They employ | (5)
units of labor at time t in good 5. Finally, each good 5 has a fixed productivity effect 1«7, where
0 < x <1. This means that goods are ordered in a gradient of comparative advantage that goes in opposite
directions for each country. The parameter x is introduced to be able to compare degrees of comparative
advantage. The case x =0 means there is no comparative advantage, while the case =1 is the maximum
(in this representation) for which productivity is positive under autarchy for all goods (except for a single good ).
The technological level will also have an impact on competitive advantage and the equilibrium under trade.
Relative wages between countries will adjust in equilibrium so that each country employs its labor in goods more
cost effectively than if the other country attempted their production. We assume there are no transportation costs.

The cost of production of each good 7; incountry i attime t is therefore:
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PN = i 12 ©

Where w;, is the wage paid for labor in each country. Since the incumbent sells at a multiple x of the cost, the
price is,

Wit P
— 1 i=12 4
@ rni) A @
Let the instantaneous consumer utility y =U(C,) depend on a subutility function ¢, for an agent consuming
c,(r7) units of good 7 goods, 7 e[0,1], according to the Cobb-Douglass function

Pit (i) =

In(C,) = [/ In(c, (7)d. (5)

This preference function takes the place of the final good production function in Howitt and Mayer-Foulkes
(2005). We use this Cobb-Douglass function for 1) consumption preferences and also for 2) the composite good
X, used for research inputs, defined as

1
In(X,) = [ In(x (7))d7. (6)
Hence world expenditure across goods will be constant for both consumption and innovation. Since at each time
t expenditure Z, is constant across goods,
AL
A—xm) A

It follows in this stylized model also |, (;;)= I, is independent of ;.. In each country i ateachtime t an

Pi (17 Yie (7:) = A=) Adi () = il () = 2,2 ©)

equal number |, of workers produces each good. Profits in each good are:

7 = 1= Nz, 8
Let L,, L, be the number of workers in each country, which we assume constant for simplicity. In Country i,
I, workers work on a measure &, of goods, so &l =L, and therefore
t

L =L/&, i=12. )

Observe by equation (4) that prices p, (;) are increasing in . For this reason the goods that each country
will cease to produce first correspond to higher values of ;.. For low productivity countries, wages decrease to
the point were employment takes place on some interval of goods. Under free trade the boundary of this interval
is defined by some unique good 7, =&, for which both countries produce at the same price. The corresponding
good in symmetric notation is 5, = £, =1-¢, in Country 2. Hence the trade equilibrium occurs when

b (i ) = Pl =&y D = Al :
P (é: ) P ( 5 )<:>(1_K§11)An (1_’((1_511))'6‘21 (10)

Country 1 produces on the set [0,£,] and Country 2 on the set (g, ,1]- (I have simply assumed that sector ¢£ ,
as a point a set of measure 0, is produced by Country 1.) Since expenditure is independent of , across goods,
and payrolls are a fixed proportion , of sales income, it follows w,l, =w,l,, -
second equation in (10) by |, /1, and using (9), we obtain
1-x&y - 1_K(1_§1t)
L1An -
51[ 1_§1r

Definition 1. Let the relative technological and population levels between the two countries, and the ratio of
their effective labor levels, be

Multiplying each side of the

LA, (11)

AL
=2 21=-2 b=al 12
AL (12
We assume Country 1 is the technological leader so a, <1.
Proposition 2. Under trade, the sectors of production are assigned as a fucntion of b[, the relative size of the

economies. There exist functions
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& =&(0)e(01), & =1-&(b), (13)
that define the intervals on which each country produces and satisfy
5O=1 &0=3 lm&®)=0. &h)<0. (14)

Proof. (11) implies
(1_’(511) 2 — (1_’(511)(1_511) -
élt(l_’(gzt) Cfn(l_’((l_gn)) & (15)

This function on the left hand side (LHS) decreases from infinity to zero on the interval & < (0,1], and has non

zero derivative. Hence a unique differentiable inverse function exists as in (13), with properties (14). Note that
&(b,) solves a quadratic equation.

Note that the smaller the relative economic size of Country 2, as measured by AyL,/AylL;, the smaller the
number of goods it produces in.

Theorem 3. For any given technological levels Ay, Ay production, wages and profits are higher under trade than
under autarchy. Wages and incomes Yy, Yy, of each country, and total income Y, are:

Ay - Ao

1 11 Wo = 1 1.0
ex (1 — K );_1 (1 — Ky ); ex (1 — Ky, ); (1 — RSy );_1

Wy = (16)

v =oALy L ok )AL

1 11 17
e(l_ K&y ); (1_ Kégzt) )

e(l_ K&y, )% (1 —KGy );

Y = (1_ K&y )Ait L+ (1_ KGy )AEt L,
t &l R (18)
e(l_ Kflt )K (1_ ngt )”
Prices can be expressed
1-x&,
1-—
1K77 - nel0.&]
e(l- i (1— i
WF(@%%) (19)
1-x(1-7)
1 1
e(l_ Kéglt ); (1_ K§2t );
Proof. Equation (10) now implies the wage ratio is,
& = 1_K§2t a = i
Wy 1-x8 Ay

n € (& 1]

(20)

since using (15),
1-K8y . _ Sa
b == 21
1-«&, t S (2)

The total production of each good is:
Vi (7:) = A=r7:) Ay (), 1=1,2. (22)

We now calculate the aggregate products of each country. We use the following notation for functions considered
for both countries simultaneously.

Yu(7)  mel0,&]

Yall=1) 1€ (&0 1], (23)

Y (77) ={
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and similarly for other variables such as p. (5):

Wy
o pel0.g),
bn=1 @ FNA (24)
A pe(Gal
A-Kk@-1) A,

Given these prices, let Y, be the amount of composite good that can be produced using all of the goods produced.
The part of the integral (6) involving goods from Country 1 is

[ n(y ey = [ in(@- ) Ay (r)dn

= [ na—wn)an +& (A, 2

1t

‘it

:[_1(1—1(77)'”(1—1(77)—’7} (A 2)™)
K 51'[

0

= Lok - &, +In((A ™)
K fflt

ey
- In((l—xén) : (’:“;)ﬂ

Adding to this the component from Country 2,
v = (AL)™ (AyL,)™

1-x&, 1«
K

e(l — K&y, )7 (1 — K&y, )

The income of the inputs of the composite accruing to Country 1 is 4w 7,. Hence, taking the price of the

' (25)

ot
- é:étlr Sat
1t Sat

composite as numeraire,

L1452 ook, ) g, n
1= Z\Nlll‘l + YWy Lz - ! {flt lf i L (26)
K (AL)™ (AyL)™
where we have used (20), so
pl2t
w = A &b o

x e(l_’(‘flt )%_é1t (l_Kétzt )%_EEZt Zjlflt ;21
Note that it follows from (26) that the total expenditure in all goods is Y;. Hence this is aso the total expenditure
in each good, since the total measure for all goods is 1. Because the intermediate consumption utility C, and
the composite good x, used for innovation are defined using the same homogeneous Cobb Douglass function
of degree 1, the proportions ¢ (7)., x () Of total production y () of each good used for consumption, or for
innovation, do not differ between goods, and we will have c, +X, =e =Y.
Equations (15) imply

(1_’(§1t )§2t =h = (1_K"§1t )52t ziﬂ = btfzt
S (1_ K& Zt) ‘fﬁzr (1_ K&y )52t

(1_ Ky ) fttlt ziZt = b2t
(l - Ké:lt )ﬁt (1 - Kf 2t )‘52t -
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Hence expression (27) simplifies to (16), the expression for w, being obtained similarly. Using the first

equality in (26), the total income Y, = yw, L, of each country can be written as in (17), and the total income (18).

Expressions (16), (17), (18) show wages and production rise under trade. This can be seen as follows. For
Country 1, under autarchy & =1, &, =0. Hence

Y;utarchy = Ait Ll

1

ell-x)e* .
Hence
1 1
Yliautarchy _ (1_ Kflt );*1(1—K§2t ); <1 (28)
l 1
Yn (1— K );71

since (1_,(5)%1 is a decreasing function in & Finally, using expressions (16), for real wages, prices (24) can be

expressed as in (19).

Wages are higher in countries with higher technology. Also they are higher in countries with less goods in
production, because more of their production will take place in goods with a higher comparative advantage.
Hence they are higher for countries with a smaller population.

Our setup reproduces the standard results, from the static point of view. Taking technological levels as given,
each economy has higher income and wages under trade than under autarchy. However, an additional result
appears. The number of sectors under production in each country is proportional to the size of the economy,
which itself is proportional to the population and technological levels. This means that larger and more advanced
countries will produce in more sectors than smaller and laggin countries. This can have an impact on
technological change, and therefore on the long-term benefits of trade. We turn to these issues now.

2.2 Technological Change
Throughout their work, Aghion and Howitt describe the process of technological change as follows:

1) Resources are used for innovating a new production technology for some good. If this research effort is
successful, a higher level of technology will result for producing this good. Research is conducted taking
into account new technologies that are becoming available. Successful research is often modelled as
implementing new, leading technologies.

2) The leading edge technology is a measure of the externalities or spillovers that results from all of new
technologies that research in the economy makes available. Often a separate variable represents this as an
aggregate, “the leading edge technology.”

Now, the resources used for raising the technological level can consist of knowledge or goods. Absent credit, the
resources available on average in different countries are proportional to their level of production and knowledge,
both of which are closely related to their technological level (e.g Howitt & Mayer-Foulkes, 2005). If credit is
imperfect, available resources for innovation are also proportional to income and therefore to the technological
level (e.g. Aghion, Howitt, & Mayer-Foulkes, 2005). We can think of these combined resources available for
innovation as the absorptive capacity. In single country models, for which the reference technological level of
the economy is constant, the implicit absorptive capacity is often ignored. However, in multiple country models
the idea that absorptive capacity intervenes in technological change and is proportional to the technological level
is natural and follows from the inherent structure of the innovation process. Divergence can follow from this, and
thus follows inherently from the properties of innovation, without any other assumption about what can make a
countries backward.

Turning to the leading edge technology, this is really an aggregate construct for research spillovers or
externalities (or technological transfer) available from all of the research taking place in the economy. That is, it
represents positive innovation externalities across goods. In Howitt (2000) the leading edge technology is
defined as the maximum technological level in all countries and sectors. In fact, though, real-world aggregation
of these spillovers is much more complex. For example, spillovers have greater and more immediate impacts
within than between countries, especially between developed and underdevelopled countries, which are more
distant in several ways. In effect the “leading edge technology” is in constant formation, as an aggregation of
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technological spillovers transmitted across different channels. (See Coe & Helpman, 1995 for a study of
international R&D spillovers.)

Below we consider a leading edge technology defined as the positive innovation externalities of goods whose
innovation takes place in the same country. This is a reference case representing spillovers that are more easily
transmitted between researchers in the same country and at the same technological level. This component of the
leading edge technology externality can be a force leading to divergence.

We turn to the innovation model. As mentioned above, for each good there is a single, infinitely lived innovator
who can produce an innovation for the next period. For simplicity, we are therefore abstracting from creative
destruction. In effect this implies that we are considering creative destruction that is neutral to trade, and that the
innovation effectiveness and cost parameters are net of creative destruction.

We consider a continuous model in which innovations are incremental, or smooth. Observe that good # will only
be in production in one country, either 1 or 2, because under the equilibrium wages it will have a slight
comparative advantage in this country. Hence it also has a slight advantage for production after innovation, and
therefore innovation in good # will only occur in the country that produces it. We also assume that when the
boundary &, shifts so that some goods start being produced in the other country, the incumbent from that country
immediately takes over production and innovation at the country’s own technological level.

I use a continuous model because it is ammenable to two variables. Here only one variable is used. This leaves
scope for other applications.

Definition 4. An agent has perfect myopic expectations if she can predict economic variables over a horizon At
when this horizon tends to zero.

In this case we will consider an innovator with perfect myopic expectations who maximizes profits in the short
term At by choosing innovation inputs, and then let At — 0 to establish her decision at any time t. This
eliminates the need for considering the second set of variables that is needed for infinite foresight. In fact a
discrete model with two periods also has a similar type of shortsighted foresight. Mayer-Foulkes (2015) shows
that this definition of myopic foresight is equivalent to defining perfect myopic foresight as having perfect
knowledge of the current economic variables' time derivatives.

In describing innovation, | first consider the role of technological absorptive capacity. Then | consider positive
innovation externalities across goods when innovation takes place in the same country (or knowledge system).
Both of these will be sources of divergence.

The effectiveness of innovation investment entrepreneur producing good # will have three components. The first
is knowledge and is proportional to the skill level S; = Ay, that she has been able to accumulate in production,
which we assume is the technological level of her firm. This generates a disadvantage of backwardness. The
second component considers the impact of nascent, positive externalities from other firms’ technological edge,
(1+ o)A, - This term represents externalities from research for other goods, presenting itself in diverse forms as
nascent possibilities, either in the form of ideas or embodied in the use of other firm’s goods at time t+At . Itis
represents the formation of a leading technological edge through innovation externalities, as in Howitt and
Mayer-Foulkes (2005), which we eliminate, simplifying the model by one variable. The difference

(1+0)A, — A,)At measures how far back our innovating firm is from these nascent possibilities, contributing

an advantage of backwardness that generates convergence. The effectiveness of these combined inputs is
inversely proportional to the level of the nascent possibilities, the fishing out effect. The third component is a
material input vAt. Innovation occurs with certainty combining these components to obtain a technological level
A., according to:

— ((1+G)A1t - Ajt )Stht g B -
Ay = Ay +,uj( L o)A, J (vat)™”, jef{L,2,FDI} (29)
This means that the impact of an innovator on the technological change that a firm can obtain is proportional to
her skill level, proportional to its distance to the nascent technological frontier, and inversely proportional to the
nascent technological frontier. In addition, these knowledge impacts combine with material inputs according to a
Cobb-Douglass function.
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The parameter y; represents the innovation productivity of the combined inputs. Innovation externalities will be
introduced below by modifying this parameter.

Using myopic perfect foresight, so as at—o0 any firm correctly expects the new technological levels A;. 4, the
profits level of an individual firm innovating to a technological level A,. 4 is:

l-a
A
Tt = (l_(l"if;J Weiat

since as we saw, the total expenditure in each good is Y;, where Aj. 4/ A4 measures the comparative
reduction in costs. Hence the profit maximizing rate of innovation investment is obtained by maximizing:

A. 1-a
mvax e ™ (1- [}(AJHAEV)J Ween — (1 - ¢j )‘/At’
+At

where ¢ is the discount factor, and @;< (0, 1) represents an innovation subsidy, a (positive or negative)
proxy for all distortions and policies affecting the incentives to innovate.

Theorem 5. The rates of technological change of the leading and lagging countries are given by:

A_ 9 -v@)E A ~( 3 j =
=2 nv(a)s, 2=pl1--2|v(a)s. 30
AR, =1 ) (30)
The rates of change of their relative technological level is:
) ~ ~ f
([ s A e (31)
Here
(L-a) )%1
~ _[l-a)l-p i
ﬂj_[llal—¢ ] ‘ulﬂ’ (32)
]

L (1_ &Sy )Ll + (1_ KE )a‘t L,
A et ) (-xz,) )

since firms in sector j are symmetric ex-post, the first order condition is:

T(a,)=

Proof. Writing A =

jt+at ?

ALS 1+o)A, o

jt+At

e"m(l—(l)bjt ()(’lAjHAt )HZ (1_18)#] y [((14‘ O')Ait - Aj! )SthtJﬂ(vAt)ﬁY At = (1—¢j )At-

(1—05)(1—/?)#_ , material inputs V are given by:
]

Letting i
] llfail_(bj )

((1+ O-)An B Ajt itAt ]ﬂ Yt+At

(VALY =e ™, ,u-( :
s L+o)A, Avox

Domestic innovators decide
1-B

o)A, —A. S ; B
A, = Ajt+/uj(((l+ éﬁta)':it) JtAtJ(ebAlluj ZTMJ ! , je{1,2}. (34)

Note also that since y..,, depends on a; a relative scale effects is introduced that complicates the dynamics. This

aspect is simplified by using continuous myopic foresight. Now set: i = ﬂjﬁjﬂfﬂw, which is equivalent to (32),

noting that this final innovativity parameter for each economy is decreasing in market power x, because, as can
be seen by following the derivative above, the higher the market power, the relatively lower the input costs and
therefore the lower the impact of technological improvement on profit. Taking the limit as At — 0, and writing
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A+A{ = Ajt+Al !

_ - [L+o)A-A oo
n—ﬂji( A Allr(@)7, jell2) (35)

where, using (18), (33) is obtained. The case j=1 yields the rate of growth of technology in Economy 1. This
gives a scale effect in L, for the global growth rate that depends on the size of the global economy relative to A
The case j=2 yields the rate of growth of technology in Economy 2. The difference yields the rate of growth of
the relative technological level a,.

We can now describe the technological dynamics in the ordinary case when an absorption capacity is needed for
technological change.

. 1B . L
Theorem 6. Country /% technological level A, grows at a rate g(@):ﬁ[ﬂ(@ )7 that is increasing in

the size of the global economy, and higher than under autarchy. If Country 2 s innovativity
a) satisfies g, <:= 1z, Country 2 diverges in growth rates with Country 1;

b) satisfies 7, e[ﬁ 1, 1,], Country 2 diverges in levels with Country 1 and converges to a steady state
/"1 ’

#2

c) satisfies z, >z ., Country 2 overtakes Country 1

a'=l+o-oct

yautarchy

Proof. For the first statement, note Y(a)= 7 * 21; >— . For the performance of Country 2, note that

(A—2) 1, —7Z i, is decreasing in a; and equal to ;= (uz,—z4) at a =1. Thus Country 2 overtakes

Country 1 if z, >z . On the other hand the same expression is negative at a, =0 if z, <;Z . Hence under

this condition Country 2 diverges in growth rates with Country 1, with

by eumie o nroft
!ETOAQl 7 ()7 <!TlAn 1+aﬂ1()ﬂ'

In the intermediate cases Country 2 diverges in levels with Country 1, to the given steady state.
2.3 Innovation Externalities

Recall that more advanced and more populous countries will innovate in more goods. It is likely that innovation
for some goods makes innovation for other goods easier. For example, as experience was obtained in the
industrialization of some goods, it became easier to industrialize others. We now turn to modelling innovation
externalities. Consider instead of (29) the innovation function,

B
A = Ay +ﬂjh( jt{((:Ho-)AnAjt)Atj (vat)”, jeit,2), (36)
l+o
in which we have eliminated the expression S;/Ay; using skills as absorptive capacity (compared to the leading
technological edge due to the fishing out effect) and instead suppose that there are positive externalities h(&) in
innovation related to the number of goods ¢ being innovated for. We assume that n)=0 (so almost no
research is possible if research is done for almost no goods), h()=1 (this sets the scale), and that h is
increasing in & We show that divergence in levels always happens between identical countries, so that a lagging
country with the same parameters can never catch up without policies to compensate for the lack of externalities,
and that divergence in growth rates is possible under certain conditionson h at &, =0.

Proposition 7. Technological change in Countries 1 and 2 follows,

1+ O') An

;h(&,) A Y(@)*”"”, jefL2} (37)

Hence

et CRICVRL S EN [ (L) 3®)
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Hence the rate of growth of the relative technological level &, is:
1B
B

& (3 S A -
(Tt o )7 e e @)

Proof. Following the same profit maximization process we obtain (37) from (36) instead of (34) from (29). The
remaining statements follow directly.

We study two cases. The first is when a; is near zero, to see if there can be divergence in growth rates. The
second is for two identical economies, for which a=1, 2=1, and j =z, . Here the question is whether the

steady state a, =1 is unstable, so that if Country 2 is lagging only slightly, it will permanently diverge, at least

in levels. By considering identical economies, we simplify the mathematical considerations.
Lemma 8. The derivatives of £ , &, withb,at b =0 are:

_ 1 odg| 1

1-x db,

d glt
db,

b =0

In the case of identical economies, so b, =1, where ¢ = ¢, =1,

dey
db,

)
b=t t b =1

Proof. Differentiate (15), recalling d¢, __d&,, at b =0, where £ =1 and &, =0. The first result follows
do,  db,

almost directly, obtaining (1—;<)d§1‘ -1 because there are so many zeros. For the second, recall at b, =1,
db,

bt:O
& =&, = > The derivative yields the quotient
_leén _(1_5 dé, _dén (1_5 _Eden
2" db |, 2°db |, db " 2" 2 dbj
1 K -
—(1-=
2( 2)

from which the result follows.

We can now describe the technological dynamics in the case when in each country there are innovation
externalities between goods. Figure 2 exemplifies Theorem 9.

Theorem 9. 1) Country 1 grows faster under trade than under autarchy if h(1)y, > h(&, v, that is, if
innovation improves more from the gains of economic scale than it looses in innovation externalities as some of
the innovation goes abroad.

2) Country 2, grow faster under autarchy than under free trade if h(1)y24="" > h(&,, )Y,,, that is, if it gains more
from innovation externalities when it closes than from the economies of scale under trade.

3) Countries identical in their innovation parameters and populations will diverge if they start from slightly
different technological levels.

4) Divergence in growth rates is possible if innovation externalities grow sufficiently slowly for small economies,
that is:
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0 0
1 a; a] 1 a;

Figure 2. Two phase space diagram examples for relative technological change dynamics

Note. In the first example there is only divergence in growth rates. In the second there is also a steady state with divergence in levels.
Additional configurations for the dynamics given by equation (39) are possible.

Proof. 1) By equation (38), A, /A, Will be higher under trade than under autarchy if h(1)Y(a,)>h(&,)Y(0),

which is equivalent to the stated condition.
2) Equation (37) for the rate of technological change of Country 2 shows that by resorting to autarchy h(¢&,)

will increase to h(1) . The convergence term (a* —2.) will remain the same while the scale effect y(a) will be

Ito

reduced. Thus if h(1)Y, """ > h(&,,)Y,, growth will be faster under autarchy.

3) For identical economies
H'()= AN ()L~ 25) ~h(3)es — a5 () -5 h(3)] = —zh(3) <0,
soif a, <1 initially, a cannotreach 1. Hence Country 2 must diverge in levels or in growth rates.

4) Let H(a) = mh(&,)(A-22) — 1= mh(&,)a,, the function in the big bracket of (39) multiplied by a, .

I+o

Since h(0)=0, H satisfies H(0)=0, H'(0)= ,h'(0)- i = ,» Which is less than zero under the given condition.
Hence a =0 isa stable steady state. Note therefore by L’Hopital’s rule

. & _~ h'(0
E!.:Toa.[ 'uZI—K

Y(O)(l—ﬂ)/lf — ﬁﬁlh(ét) <0,

so Country 2 diverges in growth rates.
Of course these results are stronger if countries initially have further disadvantages.

3. Discussion

Theorem 6 extends the results in Howitt and Mayer-Foulkes (2005) and shows that divergence in levels and in
growth rates are possible under trade, as well as catching up and overtaking. The growth rate is found to be
higher under trade than under autarchy because of a market scale effect that increases due to the assignment of
production according to comparative advantages. Whether these scale effects exist or not has been subject to
discussion, mainly because growth rates do not seem to be proportional to country size. However, the scale effect
is really based on the scale of the sphere of influence of the technological leader.

Clark, O'Rourke, and Taylor (2014) find that while trade had only a small impact on British welfare in the 1760s,
it had a very large impact in the 1850s. The cotton textiles sector became dependent on foreign markets for about
60% of its total sales. Thus trade not only allowed Britain to specialize in manufacture, the innovating sector, but
also to produce for a much larger market, becoming the Workshop of the World. In turn, it depended on foreign
markets, including its colonies, for both food and raw materials.

In the post 1960’s context, most developed countries traded together and therefore shared the same scale effect —
namely the sum of their economies. It has been shown that the scale effect might be mitigated for example when
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R&D is expended in increasing the number of varieties. Thus there need not be a full linear scale effect as in
these models. Nevertheless, a scale effect seems to have been present for the Industrial Revolution through world
trade, focussing innovation in Great Britain; for the US catch-up to industrialization through the success of the
American System by focussing innovation in the North; and for German catch-up to industrialization with the
rize of railways in the mainland in Europe after 1840.

Britain's trade with its formal and informal empire, together with its advantage in manufacturing, focused
innovation in Britain. An idea of the relative size of this effect is given by the following data, reflected in Figures
3 and 4. From 1820 to 1940 Britain's formal empire had a similar population to China, the largest country in the
world with 381 million people in 1820. Each of the US, Russia, France, Germany and even the whole of Western
Europe without the UK (which can be thought of potentially as an area of German influence) and the whole of
the non-colonized world, was much smaller. In 1820 China’s aggregate product was higher than the British
Empire’s. By 1870, the opposite held. An important point in comparing the forces of economic development in
Britain and China is that there was no region in China where economic forces for innovation were as focused as
they were in Britain, which functioned as the economic center of an economy as large as China’s. This gives a
strong reason why the Industrial Revolution occurred in Britain rather than China.

The high degree of economic competition associated with colonialism, high enough to have featured as a cause
of the World Wars, is also evidence of an economic scale effect. Note how by 1913 Western European production
(without the UK) had overtaken the production of the British Empire. There may be an underlying relationship
between the income dominance shifts shown in Figure 4 and the World Wars.

40 —— British Empire
~
33 —&— China
£ 30
El United States
25
Russia

—*— Not colonized

w

Percentage of World Po

10 + —@— France and its
colonies

—+— Germany and its
0. colonies
1700 1820 1870 1913 1940 1992 — Western Europe

without Britain
Year

Figure 3. Population of various powers and regions
Note. Population shown as a proportion of world population, 1700-1992 (Maddison, 2001).

40 —&— British Empire

—&— China

United States

Russia

—»— Not colonized

Percentage of World Production

—@— France and its
colonies

—+— Germany and
its colonies

1700 1820 1870 1913 1940 1992 —— Western Europe

without Britain
Year

Figure 4. Production of various powers and regions

Note. Production shown as a proportion of world production, 1700-1992 (Maddison, 2001).
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Theorem 9 shows that innovation externalities can also lead to divergence in levels and in growth rates. Here
innovation externalities between goods is the simplest general concept that relates innovation in some goods to
innovation in other goods. In the case of 19" Century Britain, we could also consider that its knowledge system
had more knowledge on industrialization than other knowledge systems, and that therefore it was able to
innovate with advantage in those goods most ammenable to industrialization. We could let the combination of
functions on comparative advantage and h represent these features to obtain the same results as in this
Theorem.

Let us apply this theorem to the colonial diktat. Essentially the metropolis is Country 1 in the model, and its
colonies together form Country 2. Even taking into account that the metropolis could trade with additional
countries, at least from the point of view of each colony its trade situation looked like Country 2 in the model,
since transport between colony and metropolis was conducted only on metropolis ships, and colonial exports
could be made only to the metropolis. Production of manufactured goods that could compete with metropolitan
products was banned, so that the set [0, &;] of goods with high productivity and innovation externalities which
Country 1 produced was protected. Moreover, since goods coming from other colonies had to pass through the
metropolis (or at least be traded by it), for each colony these goods enlarged &;; or at least diminished market size
in some goods from the set (&, 1]. The consequence was that Country 2 diverged, either in levels or in growth
rates.

When the US obtained its independence from Britain and set up the American System, it opted to be closed and
ceased to be Country 2 of this model. More generally, Theorem 9 explains the features shown in Table I. Brazil
and Mexico, which were more closed to trade than China or India, diverged less. On the other hand, for various
reasons including size and institutions, which feature in the model through the scale effect and the parameter ;,
Brazil and Mexico did not have the necessary conditions for catching up, as the US did.

Absorptive capacity and innovation externalities are specific, but quite general, causes that can simultaeously
give rise to economic growth and divergence in the context of trade. There are others, for example agglomeration
externalities as in Krugman (1991). These various different dynamics can of course combine in reality.

The model applies so long as Countries 1 and 2 each represent a knowledge system within which there is some
common level of knowledge. If policy steps are taken to reduce knowledge boundaries between countries, then
the forces for divergence are also reduced, since skill levels and externalities are shared.

It is worth commenting that so long as captive trade through a colonial system yielded economic advantages,
convergence to development set up for advanced countries an economic pressure to compete in the colonial
system. Thus convergence to development tended to also be convergence to colonial power, with an implicit
military rivalry between advanced countries. Economic competition set up a dynamic of military rivalry that was
an antecedent of the two World Wars. In the current scenario (2017) it may likewise be important to maintain a
single rather than a fractured global economic system.

4, Conclusions

In the presence of comparative advantage, trade is of mutual benefit to comercial partners, which become more
productive as they specialize in their sectors with comparative advantage. We are concerned here only with
innovation that occurs in the same firms that carry out production. Therefore by allocating production, trade also
allocates innovation sectors. Each comercial partner specializes in a number of sectors proportional to the size of
its economy, which itself depends on its technological level. This implies that in the long-term trading partners’
technological levels may diverge in levels or in growth rates. While this may depend simply on fixed innovation
productivity differences between countries, it may also be an effect reinforced by differences in the number of
sectors engaged in innovation in each country, and therefore by differences in their technological levels.

Technological change is a process in which innovators absorb leading technologies created by other innovators,
S0 as to create new technologies for their own production sectors. These in turn produce spillovers and
externalities for other sectors, which can to some extent be country specific.

We show that in the presence of trade between countries with different levels of development, this inherent
structure of innovation can lead to the emergence of multiples steady states including divergence in levels or in
growth rates.

The model is compatible with the emergence of development and underdevelopment in the long 19" Century as
a sequel of the Industrial Revolution, particularly in the context of the colonial diktat. It also explains different
types of long-term divergence patterns observed for open and closed economies that remained underdeveloped in
Latin America, Asia and Africa. It is also compatible with various subsequent episodes of catching up to
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development, such as Germany, the US and Japan.

The main policy conclusion is that trade must be sufficiently complemented with technology transfer. (Mayer -
Foulkes, 2015, shows that foreign direct investment does not necessarily achieve this transfer.)
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