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Structural change in a Ricardian world economy: The role of extensive rent

Giuseppe Freni, Neri Salvadori and Rodolfo Signorino®

Abstract: We study an implication of the Ricardian theory of differential extensive rent in a free trade regime. To this
effect we develop a Ricardian two country two commodity open economy model. We assume that, unlike labour, land is
heterogeneous both within and across countries and that the ratio of high to low quality land is different among the
trading countries. By means of a numerical example we show that as the process of worldwide capital accumulation
(and population growth) proceeds an industrial country may find it convenient to increase its domestic corn production

and even reverse completely the pattern of its imports and exports.
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Introduction

In this paper we study an as-yet unexplored implication of the Ricardian theory of differential
extensive rent in a free trade regime. Our main result may be summarized as follows. At the time
free trade is universally established among the various countries, it may be convenient for a given
country to feed its own population mainly by importing foreign food and paying its food imports by
its exports of industrial commodities. Yet, at a later stage of worldwide capital accumulation, the
very same country may find it convenient to reverse completely the pattern of its imports and

exports.

The paper is intended as a contribution to several strands of literature. First, the issue of structural
change triggered by international trade is present in several works by Classical authors. Freni,
Salvadori and Signorino (2018) analysed this issue in Malthus (1817 and 1826), Torrens (1815) and
Ricardo (1822) and showed that all these authors were aware that free international trade triggers a
process of structural change within the trading countries. Yet, Malthus apparently framed his own
analysis as if structural change were a process going on on/y within agricultural and corn-exporting
countries. By contrast, Torrens and Ricardo addressed the phenomenon of structural change on the
assumption that the latter was a symmetrical process at work both in agricultural and manufacturing

countries. Differences in their policy proposals (Malthus’s endorsement versus Torrens’s and
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Ricardo’s rejection of food protectionism) are traced back to differences in their analysis of the
international dimension of the processes of structural change stimulated by free corn trade. As
concerns Ricardo, he argued that, in the long-run free trade equilibrium, some of those less fertile
plots of British land that initially would be abandoned, because of the free imports of cheap foreign
corn, would be put back under tillage. Accordingly, in the absence of restrictive Corn Laws, Great
Britain would have imported much less foreign corn than British protectionists dreaded. Yet,
Ricardo did not analyse the whole of the analytical consequences deriving from the fact that
differences in land fertility do not exist only within a given country but also among the various
trading countries. In particular, he failed to consider the case that Great Britain could even become a
corn-exporting country at a later stage of the worldwide process of capital accumulation and

population growth.

Second, though only ten paragraphs within chapter 7 of Ricardo’s Principles concern what in
modern parlance are called comparative advantages, standard textbook presentations of the
Ricardian theory of international trade put much emphasis on the issue of comparative advantages.
The latter were largely used by neoclassical economists into their analyses of international trade. In
the 1970s Parrinello, Steedman, Metcalfe, and Mainwaring started a critical debate of such literature
(Steedman, 1979b). These authors dealt with trade pattern reversals in comparative static analyses
connected to changes in distribution in economies with one (labour) or two (labour and land of
uniform quality) primary factors. Trade pattern reversals were related to the existence of material
capital, that is produced means of production. On the contrary in this paper we exclude material
capital and the trade pattern reversal is along a path of capital accumulation and population growth.

However, some of the ideas developed in this paper have been stimulated by Steedman (1979a).

Third, it is not an overstatement to say that almost all of Ricardo’s writings concerning foreign trade
(starting from the 1815 Essay on Profits and up to the 1822 essay On Protection to Agriculture) as
well as many of his letters to Malthus and Trower focus on the effects that foreign trade has on the
domestic rate of profit and, as a consequence, on the domestic rate of capital accumulation and
population growth. Accordingly, in this paper we approach the issue of foreign trade as Ricardo
mainly dealt with it. In modern literature this issue has been studied by means of mathematical
models of the Ricardian system of accumulation. The most well-known are Pasinetti (1960) and
Samuelson (1959). Salvadori and Signorino (2016 and 2017a) developed an open economy variant

of Pasinetti’s 1960 mathematical formulation of Ricardo’s economics. In the first paper they

analysed a small open economy characterised by given and constant international commodity prices.
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prices are determined by the interplay of supply and demand amongst several small trading

~

countries. A small open economy “could go on for an indefinite time increasing in wealth and
population”, to use Ricardo’s own words (Works IV, p. 179). But in a world economy stationary
state appears again and dominates the end of the story. However the path toward it is not
monotonic: in a given moment in time some countries may go toward it whereas some others go in

the opposite direction.

To substantiate our claim, in section 3 we develop an instance of a Ricardian world economy
model as those analyzed by Salvadori and Signorino (2017a) in which there are two trading
countries (4 and B) and two commodities (one agricultural and one industrial). Only labour is
required in the production of the industrial commodity. By contrast, the agricultural commodity is
produced by means of labour and land. While labour is homogeneous within a given country and
across countries, land is heterogeneous both within and across countries. Key to our results is the
assumption that, although agricultural technology is the same in both countries, the production
functions for the agricultural commodity may be different because of the different endowments of

land qualities between the two countries.

The issue concerning the construction of the production function for the agricultural sector when
extensive and intensive margins are involved has already been raised within a debate in the 1990s
(Kurz and Salvadori 1992 and 1998, Morishima 1996). From the perspective of this paper, the main
outcome of this debate is the following. In the extensive margin case in which the agricultural
commodity is produced by means of labour and land only a production function may be built and it
depends not only on the available technological processes but also on the amount of the different

qualities of land. In this paper we provide an example to show the details of this case.

Finally, our paper contributes to another strand of literature. A scenario in which worldwide
capital accumulation reverses the pattern of international specialization among trading countries
questions the interpretation of the open Ricardo-Pasinetti model as a variant of the textbook 2x2x2
Heckscher-Ohlin model. Findlay (1974) advanced this interpretation by stating that in the Ricardian
system “the pattern of specialization would depend upon differences in any or all of the following:
the technology for producing the two commodities, the natural wage-rate, the composition of
landlord demand and the proportions of labour (and hence circulating capital) to land” and that “if
all the other differences except the last were excluded by assumption the Ricardo-Pasinetti system
would also lead to a factor proportions theory of comparative advantage” (Findlay 1974, p. 11).
Burgstaller (1996, 2005) and Uchiyama (2005) have drawn further implications of the implicit

assumption made by Findlay (1974) that two countries that share the same technology have the
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same production functions. In particular, Uchiyama (2005) pointed out that, in a Ricardian system

with a single quality of land, the long-run direction of trade is determined by the difference in the
factor proportions prevailing at the time the two countries adopt free trade. As for the analogous
two-sector dynamic Heckscher-Ohlin model (see e.g. Chen 1992, Bajona and Kehoe 2010), this
implies that a country that initially imports a given commodity can never become a country that
exports the same commodity. When more than one quality of land is considered, this result ceases

to hold since two countries sharing the same technology may have different production functions.

The example developed in this paper shows that when there are more factors of production than
commodities, as in our version of the Pasinetti-Ricardo model or as in the Jones-Samuelson
specific-factors model, differences in factor endowments mimic differences in technology and,
therefore, one cannot expect that the basic propositions of the textbook Heckscher-Ohlin model

continue to hold unaltered.

2. The Kurz-Salvadori-Morishima debate on the production function for corn in the extensive

margin case

In his monograph on Ricardo’s economics, Morishima (1989) criticized Pasinetti’s presentation of
the Ricardian system on several points. One of them concerns the theory of rent and the production
function for corn used by Pasinetti (1960):

Pasinetti does not classify various sorts of land according to their quality. He instead has only one aggregate

production function for agriculture as a whole, with the logical consequence that he is unable to explain the rent

of a land as the surplus which it yields ... His theory of rent, accordingly, can hardly be a theory of differential

rent, though it may be called a marginal productivity theory of rent. (Morishima 1989, pp. 50-1; see also p. 38)

Morishima maintained that “there is no simple aggregate production function for agriculture” (p.
103), if land is heterogeneous in quality. The solution he suggested was a separate production
function for each quality of land. This claim, however, cannot be sustained. Indeed Samuelson
(1959, pp. 28-32) produced an early discussion of the existence of a production function in the
heterogeneous land case and Kurz and Salvadori (1992) clarified that, starting from a given set of
technical processes describing the available technology and the existing amounts of the different
qualities of land, a production function for agriculture as a whole can be constructed, given the
simplifying assumptions used by Pasinetti. Moreover, both extensive and intensive rent can be

analysed.” In his reply Morishima (1996, p. 94) acknowledged that

2Kurz and Salvadori (1992) made use of some of the material contained in the Laurea thesis defended bv Giusenne
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Freni at the University of Catania (1987) and later published in Italian (Freni 1991). See also Freni (2015).

[Kurz and Salvadori] derive the ‘production function for agriculture as a whole’ X = F(N), where X is the total
production of agriculture and N the total employment of agricultural labour. It is then evident, that it should be
written, more precisely, as X = F(N, h), where £ is the vector of the available amounts of various qualities of
land.

Differences concerning the definition of the notion of “production function” probably lie at the
root of the controversy between Morishima, on the one side, and Kurz and Salvadori, on the other
side. An educated guess is that, while the former gave to the concept of the “production function”
also the property of being a purely technological construction, the latter, following Pasinetti,
considered such a concept simply as a functional relationship having the set of potential amounts of
labour employed in agriculture as its domain and the set of potential amounts of corn produced as
its codomain. Accordingly, it was quite natural for Morishima to maintain that such a function
cannot be constructed and for Pasinetti, Kurz and Salvadori that it can be constructed. Be what it
may, both Morishima and Kurz and Salvadori agreed that the functional relationship mentioned
above can actually be constructed. In this paper we refer to such functional relationship as the

production function for the agricultural sector.

It is worth emphasizing that a similar argument applies to the textbook 2x2x2 Heckscher-Ohlin
model. Since two different qualities of land are two different factors of production, at least three
factors are required to take account of extensive rent in a model with labour and heterogeneous
land. This means that the assumptions of the textbook Heckscher-Ohlin model are much more

restrictive than usually thought. In particular, extensive rent cannot be considered within its domain.

3. The example

In this section, we present an instance of a Ricardian world economy, as modelled in Salvadori and
Signorino (2016 and 2017a; see also 2017b). Salvadori and Signorino have argued, without a
formal proof, that a given country’s dynamics towards the steady state may be non monotonic. In
particular, a country that exports the agricultural commodity may become a country that exports the
industrial commodity and vice versa. In this paper we provide a definitive proof under the form of
an algebraic example. The relevance of this example for other strands of literature has been

illustrated in the Introduction.

Let us consider a world economy in which there are two countries, 4 and B, two sectors,
agriculture and manufactures, and three social classes, landlords, capitalists, and workers. Pasinetti

(1960) called ‘corn’ and ‘gold’ the two commodities produced. Corn, the agricultural commodity,
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indexed as commodity I, is produced by means of a diminishing returns technology that employs

labour and land. Gold, the industrial commodity, indexed as commodity 2, is produced by means of
a constant returns technology that employs only labour. Calling ‘gold’ the industrial commodity is
somewhat unfortunate even in a closed economy, but it is even worse in an open economy since
traditionally gold is related to money. In this paper the industrial commodity will be called cloth.
Workers and capitalists spend the whole of their income, namely wages and profits, respectively, on
corn; while landlords spend the whole of their income, namely rents, on cloth. Capitalists buy corn
both for capital-accumulation and personal consumption purposes (different consumption patterns
on the part of capitalists would make the analysis more complex but would not significantly change
the results). In this model there is no capital good proper. Hence, ‘capital’ is simply the amount of
corn capitalists have to anticipate, since production takes time, to feed their workers in both sectors.

Universal free competition and Say’s Law of Markets hold.

We assume that technology is the same in both countries. As clarified in the previous section, the
assumption of common technology does not entail that both production functions for corn are also
the same in the two countries. We assume that there are two different qualities of land: high-quality
and low-quality (/2 and 7). Country 4 has both qualities of land; whereas country B has only high-
quality land. The latter assumption is done only for the sake of simplicity: what really matters is that
the ratio of high to low quality land in country A4 is different than the ratio of high to low quality
land in country B. As the unit of measure of high quality land we choose the amount of such land

available in country 4; in country B there is an amount L of high quality land.

By contrast, only labour is required to produce cloth; labour is homogeneous in each and any

country. Therefore, the production functions for cloth are the same in both countries.

In the light of our assumptions on technology and each country’s land endowment, we may

formalize the production functions for the two commodities as follows.

As concerns cloth production, the two production functions in the two countries are:

XZA = aNA2
XZB = aNBZ

where X is the quantity of cloth produced in country J (J = 4, B); N, is the number of workers

employed in cloth production in country J; @ > 0 is a constant because of constant returns in cloth

production.

As concerns corn production, we first remark that a description of technology in terms of

about:blank

24/05/2023, 12:57



Firefox

7dil6

production processes as that adopted by Kurz and Salvadori (1992) would certainly be preferable,

but it would also be very burdensome to manage. It is convenient, instead, to consider that on each
quality of land we have a production function described by a simple formula (such as a Cobb-
Douglas or a parabola) and combine them. This means that intensive rent is always present, whereas
extensive rent appears only when a new quality of land is cultivated. The two production functions

for corn in the two countries are:

X (N )=max{N’" +aNAll-ﬂNfﬂI:NA1h+NA11=N N

14 Al Alh A1?7 T Alh

20.N,, 20}
XlB(Nm ) = Ll_mNZIl

where X is the quantity of corn produced in country J (J = 4, B); N, is the number of workers
employed in the corn production in country J; 0<m<1, a>0, >0 are constants and the

inequalities result from diminishing returns in corn production. Note that necessarily N, < al2p.

The production function for corn in country 4 can be written, in a more explicit form, as

P

i . (a) ™"
N’ if OsNAlsL—

m

g(Va)ral N, ~e(N,)]- AN, -e(N,)] it NAZ(EJHI

m

L

where N, = g(N Al) is equivalent to the equation

a-mN™}
2[8 A +NA1h=N

Al

Since the left-hand side of this equation is an increasing function in N, , function g(N Al) 1s well

AR’

defined.

The above equations conclude the description of technology in the two countries. The main
analytical element to be stressed is that, even though both countries share the same agricultural
technology, their production functions for corn turn out to be different because their high to low
quality land ratio is different and the actual employment of the various qualities of land in corn
production is different. Let us consider two alternative situations. If only high-quality land is

employed in each country, that is, if low-quality land is left idle in country 4, then the production

1
functions for corn are the same in both countries. This is so if 0S N, < (m/ a’)l"". By contrast, if
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N,> (m/ a)%", then the low-quality land is cultivated in country 4 and the production functions
for corn are inevitably different.

We may now derive the main results of our model. At first a strict protectionist legislation
prevails in both countries and, therefore, international trade is outlawed. Subsequently, at time t,s
protectionist legislation is repealed worldwide and both countries choose to open their economies to
international trade. Moreover, at time 7, the available amounts of labour (and therefore capital) in

the two countries are such

e land of low quality is cultivated in country 4 in the no-trade regime;

e land of low quality is not cultivated in country 4 in the free trade regime: it is more
advantageous to import foreign corn than to produce corn domestically on the low-quality
land;

e both countries produce cloth in the free trade regime even if country 4 exports it and country

B imports it:

If the last condition is not met, the rates of profit would be different in the two countries (see
Salvadori and Signorino, 2017a and 2017b). This would not be an awkward problem, but, if the
rates of profit are different in the two countries, we need to introduce further assumptions on
determination of the rates of growth in the two countries. In the transition from the no-trade to the
free trade regime country 4 has reduced its production of corn whereas country B has increased it

(vice versa for production of cloth, rates of profit and rates of growth).

In the free-trade scenario at time t, the variables N 2 Nyps Nygs Npys s 7 and - ( P, 1S
the price of cloth in terms of corn, common to both countries, r , is the rate of profit in country 4,

and r, is the rate of profit in country B) are determined by the following equations:
LN N, (2)
(1+L)(1=m)N= ap, (N, + ) B)

NAZ = NA - NAI (4)

(147, )=%(14r,) = Ml N = ap,  (6)
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where X, the rate of wages in terms of corn, is the same in both countries. Equations (2) and (6)
hold because the rate of profit is uniform among countries and among sectors; equation (3) holds
because the value of cloth produced equals the overall amount of rents earned by landlords in both

countries; equations (4) and (5) are straightforward.
Since the rate of profit is uniform among countries, the rate of growth of both countries is the

same: n =n, =s, =r,, Where s is the saving ratio of capitalists, assumed to be uniform among

countries and constant.

Obviously, as the rate of profit is decreasing over time, the rate of growth is likewise decreasing,

but both rates are positive before the stationary state obtains. By a suitable choice of the parameters

1
we reach time 7 in which N, = (m/ a’)l‘m. A further increase of population (and accumulation of

capital) implies that low quality land is cultivated in country 4. This means that in proportion,
country 4 produces more corn than country B. This in turn implies that country B increases its

production of cloth more quickly than country 4. Eventually, patterns of international trade are

reversed at time 7, >7,: country 4 starts exporting corn and country B starts exporting cloth. More

N

A1

N

precisely, for #> ¢ variables N P

an N,, Ny, N, p,,r, and r_ are determined by

the following equations:
LNAlh = NBI (2*)
NAlh + NAII = NAI (7)

(1#L)(1-m) N7, + BN = ap, (N, + N,,) (3%

Alh
N,=N,=-N, )
N =N,-N 5)

(147, )=%(14r,)= mvil=a-28N , = ap, (6%

Alh A

Hence, for 7, <7<t workers are employed in the agricultural sector in the proportion 1 : L in the

two countries. Since in country 4 the working population is in proportion larger than in country B,

A produces more cloth in proportion than B and therefore it exports cloth. By contrast, for 7 > the

working population employed in agriculture is in proportion larger in country 4 than in country B

and the difference is increasing over time. Consequently, even if the working population of country
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A 1s still larger than the working population of country B, now country B needs to produce more

cloth and eventually to export it.

By means of the simple diagram of Figure 1 it is possible to describe the example. On the
horizontal axis there is labour in country B, which multiplied by X gives the capital in country B.
On the vertical axis there is labour in country 4, which multiplied by X gives the capital in country
A. Both countries produce corn, but it is not necessarily the case that both countries produce cloth.
The surface in which both countries produce cloth is that between the OAF line and the OEL line.

In this region both countries have the same rate of profit and therefore the same rate of growth.
Consequently, within this region N and N, grow in proportion and therefore they move along a
straight line passing from the origin as the OBH line. The OCG line is the locus of all the pairs

(N N A) in which the cloth produced in each country is exactly equal in value to the rents obtained

in that country, so that no trade takes place between the two countries. Hence, any time the OBH

line crosses the OCG line there is a trade pattern reversal. The FL decreasing straight line represents

all pairs (N N A) in which the economy is stationary. The AE decreasing straight line represents

1
all pairs (N N A) in which in the open economy N, =N = (m/ a)l-m: below that line the land

of low quality is left idle in country 4 whereas above that line the land of low quality is cultivated in

country 4.

NA

Ny

Figure 1. The example when L =1, m=1/2, a=2, 8=1/2
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The example we refer to describes the following international trade dynamics: in country 4

i) low-quality land is cultivated when protectionist legislation forbids foreign corn imports,
ii) low-quality land is left uncultivated as soon as protectionist legislation is repealed and
foreign corn imports are freely allowed,

iii) low-quality land is cultivated again as a consequence of capital accumulation.

To construct our example, we make two choices. First, (as in Figure 1) we choose the slope of
the OBH line in such a way that it cuts the AE line on the left of the OCG line and cuts the FL line
on the right of the OCG line. (The slope of the straight line OBH equals the proportions between
working populations in the two countries, that in the delimitated region is constant over time.)

Second, at time {s when protectionism is repealed, we choose the amount of labour in the two

countries at a point on the OBH line below the AE line, but so close to it that in the no-trade regime
(and therefore with a lower rate of profit in country 4) the low-quality land is cultivated. Hence, the
fact that in a free-trade regime low-quality land is left uncultivated in country 4 does not imply that
country A’s agricultural sector is doomed to irreversible stagnation. Indeed, the world economy’s
dynamics pushes the economies 4 and B along the OBH line until the OCG line is crossed and
therefore not only is the low-quality land cultivated again, but the other country also becomes an

economy that exports the industrial commodity.

Two remarks are in order. First, assume that a third, very low, quality of land exists. This lowest

quality of land is present in country B, but not in country 4. In this case a further time 7, can be

found so that country 4 can become a cloth-exporting country once again for some 7 > z,. (Country

A may also become a cloth-exporting country once again if the OBH line is chosen in such a way to
cut the OCG line twice.) Second, what matters is not that a quality of land is available in one
country and unavailable in another, but that the proportions of the various qualities of land are
different among trading countries. In the case in which both countries have the same qualities of
land in the same proportion the OCG line becomes a straight line: a cloth-exporting country and a
corn-exporting country are such for ever. This is obviously only a sufficient condition and a cloth-
exporting country and a corn-exporting country are such for ever also if the OBH line is always

below the OCG line (and above the OEL line) or above the OCG line (and below the OAF line).

4. Final remarks

As the debate among Morishima, on the one hand, and Kurz and Salvadori on the other hand, has

clarified, the assumption of common agricultural technology among trading countries is not a
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sufficient condition for them to have the same production functions for the agricultural commodity.

In this paper we started from this result and analysed a Ricardian open economy model with two
commodities, an industrial one, ‘cloth’, and an agricultural one, ‘corn’. While the only input
required in the production of ‘cloth’ is labour and labour is homogeneous within a given country
and among countries, ‘corn’ is produced by means of labour and land. Unlike labour, land is not
homogeneous either within a given country or among countries. We have analysed, by means of a
simple numerical example, the case in which there is no uniform ratio of land of different qualities
among the trading countries. We have shown that while it is true that some plots of low-quality land
previously under tillage are left uncultivated as soon as free foreign corn imports are allowed into a
manufacturing country, subsequently, those plots of low-quality land may be cultivated again in a
free trade regime due to capital accumulation. Moreover, we have shown that when different
qualities of land are considered, the standard prediction of the 2x2x2 Heckscher-Ohlin model
concerning the export status of a country — a corn-exporting (cloth-exporting country) country
never exports cloth (corn) — holds only if the high to low quality land ratio is the same in the two

trading countries.

In a letter to Malthus (dated November 9, 1819), Ricardo wrote that “With respect to my
calculations, I have only this to say in defence of them, that I never brought them forward for any
practical use, but merely to elucidate a principle” (Works VIII, p. 130).? In the wake of Ricardo, our
numerical example has been built to “elucidate a principle” and vindicate one of the arguments
raised by Ricardo in his 1822 pamphlet, On Protection to Agriculture, against the British supporters
of food protectionism. We refer to Ricardo’s claim that, though at the first opening of British ports
to cheap foreign corn, British low-quality plots of land will surely be left uncultivated, British
domestic agriculture is not doomed to permanent and irreversible stagnation in the long-run free
trade equilibrium. To help the intuition of historically minded readers, think to Great Britain in the
years of the Napoleonic Continental blockade (when domestic corn production was imposed by war
contingency) and after Napoleon’s defeat at Waterloo (when free corn trade was again an available
policy option) as our country 4. By the same token, France, or Germany or Poland or any other
agricultural and corn-exporting country in the 1810s - early 1820s is a fitting candidate to the role
of our country B. Yet, our example allows us to go further than Ricardo ever did and contemplate
the case of a full reversal of the export status of a given country. In a nutshell, assume that both
countries 4 and B have a large territory, but 4 is endowed with only a limited extension of high-

quality land, the rest of its land being of low-quality; while the opposite situation holds in B. As

3 Ricardo excelled in the art of devisine numerical examnles to heln his readers’ orasn of the economic nrincinle under
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scrutiny: see Kurz (2015).

soon as free trade is established between these two countries, given the international prices of the
two commodities, it is convenient for 4 to cultivate only its high-quality plots of land and feed its
population mainly by importing corn from B. Corn imports from B are obviously paid by the
exports of cloth to B. Accordingly, at first, 4 is a typical industrial and corn-importing country;
while B is a typical agricultural and cloth-importing country. As worldwide capital accumulation
goes on and both countries’ population increases, a time arrives when, in order to feed the world
population, the cultivation of low-quality land is required. When this happens, world production of
corn increases more rapidly in that country endowed with the larger extension of low-quality land,
i.e. A. This effect may be so strong that 4 may even become a corn-exporting country. Obviously,
such a result cannot hold if the two qualities of land are uniformly distributed among the two

trading countries, i.e. if 4 and B have the same high to low quality land ratio.
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