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Abstract

This paper examines the effects of international trade on structural transformation
and economic growth. To do so, international trade is introduced into a two-sector
neoclassical growth model. The two sectors are agriculture and the rest of the economy,
and a key feature of the model is the low income elasticity of the agricultural good. In
the closed economy model, as countries get richer, labor moves out of agriculture and
into the other sector. International trade can accelerate this transition for countries
with low agricultural productivity because it allows them to import food and reduce
their agricultural production. The model is calibrated and then simulated for three
different countries: the United States over the 20th century, the United Kingdom over
the 19th century, and South Korea over the last 50 years. The results show that trade
had large effects on structural transformation in the United Kingdom, and positive
but smaller effects in South Korea. Agricultural production subsidies and agricultural
import tariffs reduced the role of trade in South Korea. Without these policies, the
volume of trade would have been larger, and the country would have experienced both
a faster transformation and higher welfare.

*I am very grateful to Robert E. Lucas, Jr., Nancy Stokey, Thomas Chaney, and Samuel Kortum for
all their guidance and support. I also wish to thank Fernando Alvarez, George Alessandria, Gary Becker,
Lorenzo Caliendo, Vasco Carvalho, Jose L. Fillat, Stefania Garetto, Pedro Gete, Veronica Guerrieri, Julio
Guzman, Chang-Tai Hsieh, Joseph P. Kaboski, Brent Neiman, Eisuke Okada, Ralph Ossa, Tiago Pinheiro,
Robert Shimer, Harald Uhlig, Francisco Vazquez-Grande, Jaume Ventura, and seminar participants at the
EEA-ESEM 2009 meetings, the Money and Banking Workshop, the Capital Theory Working Group, and
the International Economics Working Group for all their comments and suggestions. Financial support from
“La Caixa”, Banco de Espana, and the University of Chicago is gratefully acknowledged. All the remaining
errors are mine.

"Department of Economics, The University of Chicago, 1126 E. 59th St., Chicago, IL 60637. E-mail:
marctb@uchicago.edu.



1 Introduction

Poor countries have much larger agricultural sectors than rich ones!. In 2000, the average
share of employment in agriculture was 75% in the 10% poorest countries, while it was below
5% in the 10% richest countries. The same pattern appears over time in individual countries,
although the timing of the structural transformation differs. The United States had more
than 80% of its labor force in the agricultural sector in 1810, around 50% in 1870, and around
20% in 1920, while in Japan the shares were 80% in 1870 and around 50% in 1920. However,
since Japan’s per capita incomes in 1870 and 1920 were similar to those in the United States
in 1810 and 1870, the pattern is very similar in the two countries except for the timing?.

This paper examines the effects of international trade on the pace of structural trans-
formation. Countries closed to international trade in agricultural goods have to produce
the food they consume. As a result, a country with low productivity in the agricultural
sector is forced to allocate a large fraction of its productive resources to that sector, and its
agricultural sector is larger than in a country with higher agricultural productivity. Aggre-
gate productivity, as a consequence, is also low in such a country, even if its productivity
outside agriculture is high. This has led many authors to conclude that a rise in agricul-
tural productivity is a necessary condition for the start of industrialization®. On the other
hand, countries open to international trade can import some of the food they consume from
abroad. Countries with low productivity in agriculture but higher productivity outside that
sector can reduce the fraction of labor in agriculture, accelerating their structural transfor-
mation. This labor reallocation increases their aggregate productivity, thereby increasing
capital accumulation and raising their rate of economic growth.

In principle, international trade can either increase or reduce the transformation speed

of a poor country, depending on its comparative advantage with respect to the rest of the

See, for example, Caselli (2005), Gollin, Parente and Rogerson (2004), or Restuccia, Yang and Zhu
(2008). Data sources: Penn World Table version 6.2, Food and Agriculture Organization.

2See Lucas (2007) for some plots illustrating this. Data sources: Kuznets (1996), Maddison (2003).

3See Matsuyama (1992) for a summary of this view.



world. There is, however, some evidence that poor countries have a comparative disadvantage
in agriculture. In particular, in 1985, the 10% richest countries were on average 30 times
more productive than poor countries in the aggregate and 50 times more productive in the
agricultural sector®. Also, the relative price of the agricultural sector goods is typically
higher in poor countries. In 1985, the relative price of agricultural goods was, on average,
2 times larger in the 10% poorest countries than in the 10% richest countries®. These two
pieces of evidence suggest that, if they are open to international trade, poor countries should
be net food importers. Data on food trade shows in fact they are: in 2004, 72% of the poor
countries were net food importers and 39% net food exporters, while 61% of the industrial
economies were net food importers and and 39% net food exporters®.

This paper has two main contributions. First, it develops a model that allows us to
determine the importance of international trade in the structural transformation of a country.
Second, it quantifies the role played by international trade in two specific cases: the United
Kingdom in the 19th century and South Korea in the last 50 years.

International trade is introduced into a general equilibrium, neoclassical growth model
with two sectors, agriculture and the rest of the economy. In the model, the preferences are
such that consumers spend a large fraction of their income in the agricultural good when
they are poor. Under autarky, then, a low income country employs most of its productive
resources in agriculture. As technological change occurs and capital accumulates, consumers
get richer and the productive resources are reallocated from the agricultural sector to the
nonagricultural one. Under international trade, if the relative price of the agricultural good
is higher than in the international markets, the country imports the agricultural good and
its agricultural sector shrinks. Since the nonagricultural sector is more capital intensive,

this reallocation increases capital accumulation, which affects positively the growth rate

4See, for example, Caselli (2005) or Restuccia, Yang and Zhu (2008). Data sources: Penn World Table
version 6.2, Rao (1993).

Data sources: Penn World Table version 6.2 for the aggregate prices and income per capita, Rao (1993)
for the agricultural sector prices.

6See Ng and Aksoy (2008), World Bank Policy Research Working Paper 4457. Data sources: UN Comtrade
Statistics.



of the country. On the other hand, if the opposite relation between the domestic and the
international price holds, international trade has the opposite effect and the country increases
its agricultural employment share.

Next, the model is used to study three structural transformations: the United States
during the period 1890 - 2007, South Korea during the period 1963 - 2007, and the United
Kingdom during the period 1800 - 1900. Comparing these three cases is an interesting
exercise because the time periods are very different, and the countries also have important
differences in terms of their comparative advantage and their attitude towards agricultural
trade. The United States has a rich endowment of agricultural land and its net agricultural
exports have been for most of the period positive, although small relative to their own
production. The United Kingdom started its transformation even earlier than the United
States and it has a poorer land endowment. It imported a large fraction of its agricultural
consumption from abroad during the 19th century, which had large benefits for the country”.
Finally, South Korea has experienced a very rapid structural transformation in the last 50
years, and it has been one of the main net agricultural importers in the recent years®.

Figure 1 plots the evolution of the agricultural employment share at each income level for
the three countries. We can see that the agricultural employment share was approximately
80% at the beginning of the 19th century, while in the United Kingdom it was below 40%. It
has been continuously decreasing in both countries during the last 200 years, and it is now
less than 2%. In South Korea, the speed of the structural transformation has been much
faster: the agricultural employment share was approximately 80% at 1950, 65% in 1960 and
is currently less than 8%, a decrease that took more than 150 years in the United States.
However, since the growth in per capita income has also been much faster in South Korea,
when agricultural employment share is plotted against income per capita the transformation
speed looks actually slower than in the United States , as figure 1 shows. Moreover, when

compared to another food importer like the United Kingdom, we can see that the size of the

"See Stokey (2001) for a study of the Industrial Revolution in the United Kingdom.
8See Ng and Aksoy (2008), World Bank Policy Research Working Paper 4457.



agricultural sector at each income level is not low at all.

Figure 1: United States, United Kingdom, South Korea comparison
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The results show that the model developed here can replicate with the same calibration
the structural transformation for these three cases. In the case of the United States, the
simulations show the importance of its high agricultural productivity growth. In the case of
the United Kingdom, trade was extremely important: its agricultural employment share in
1800 would have been around 80% instead of 35% if the country had been in autarky. In
South Korea, trade played a role but its effects were smaller than in the United Kingdom:
the initial employment share in the agricultural sector was 62% and would have been 72%
in autarky. Moreover, if South Korea had not adopted policies to protect its agricultural
sector from foreign competition, the volume of trade would have been much larger and the
agricultural employment share much smaller: the initial employment share would have only
been 52%, and it would have dropped below 10% by 1979.

The rest of the paper is organized as follows. Section 2 contains a review of the re-

lated literature. Section 3 describes the two-sector growth model, for both closed and open



economies. Section 4 simulates the closed economy model for the United States over the
last 120 years, and describes the effects of changing the evolution of productivity. Section
5 simulates the open economy model for South Korea over the last 50 years, and quantifies
both the role actually played by international trade and the role it would have played under
different agricultural polices. Section 6 repeats the quantification exercise for the United

Kingdom during the 19th century. Section 7 concludes.

2 Literature Review

There is a large literature that examines the role of agriculture in economic development
and studies the forces behind the process of structural change. Caselli and Coleman (2001),
Echevarria (1997, 2007), Gollin, Parente and Rogerson (2002, 2004, 2007), Hansen and
Prescott (2002), Hayashi and Prescott (2008), Kongsamut, Rebelo and Xie (2001), Laitner
(2000), Lucas (2004, 2007), Matsuyama (1992), Restuccia, Yang and Zhu (2008), Sachs
(2001) or Stokey (2001) are some recent examples’. Most of them do the analysis in a
context of a closed economy. Sachs (2001) argues that economies in tropical zones are, in
general, poorer than those in temperate zones, and have lower agricultural productivity due
to climate-related factors like the fragility of the soils, the high prevalence of crop pests and
parasites, the higher rates of plant respiration, and the scarcity of water. Gollin, Parente, and
Rogerson (2004), for example, show that an extended version of the neoclassical growth model
including an agricultural sector fails to replicate the enormous disparity in relative output
per worker of agricultural and nonagricultural sectors, and incorporate home production into
the model. Restuccia, Yang, and Zhu (2008) use a two-sector general equilibrium model with
food requirements to show that economy-wide productivity differences and barriers to the
use of modern inputs in agriculture can generate the large agricultural sector labor share

observed in poor countries and the large differences in aggregate productivity between rich

9Some of the classics are Fisher (1945), Clark (1940), Rostow (1960), Nurske (1953), Lewis (1954), Kuznets
(1966), and Jorgenson (1961).



and poor countries. Gollin, Parente, and Rogerson (2007) examine the effect of agricultural
policy on development and conclude that low agricultural productivity can delay the start
of industrialization and increase the gap relative to the leader.

Hayashi and Prescott (2008) deserves a special mention, since the paper is also a quantita-
tive exercise. Its goal is to quantify the effects of Japan’s prewar agricultural institutions on
its structural transformation over the period 1885 - 1934, which kept the agricultural sector
artificially high. The conclusion is that the barriers that prevented labor to move efficiently
can account for a third of the pre-WWII income gap with respect to the United States,
because they induced a misallocation of inputs and reduced the incentives to accumulate
capital.

There is also some research studying the role of trade openness in structural change and
income growth, and some authors like Mundlak (2000) have recognized that agricultural
products are tradable and that countries with low agricultural productivity can benefit from
food imports. Matsuyama (1992) argues that the view that high agricultural productivity is a
necessary condition for economy development is based on the assumption that the economy is
a closed system, but if open to foreign trade, low productivity in the agricultural sector or lack
of arable land is likely to foster its industrialization process. The main focus of Matsuyama
(1992) is to study theoretically the role of agricultural productivity in economic development
using a two-sector growth model with learning by doing in the manufacturing sector. The
model predicts the relationship between agricultural productivity and growth to be positive
for closed economies and negative for open economies. Another theoretical contribution is
Echevarria (2008), which also presents a two-sector growth model with international trade,
where preferences are nonhomothetic in the primary sector and TFP growth only occurs in
the non-primaries sector. Her analysis concludes that in the long run countries specialize in
one sector or the other depending on the TFP differentials, and that as the global economy
develops, fewer and fewer countries export primary goods. Finally, Shin (1990) studies the

relationship between structural change and economic development, focusing on the cases of



South Korea and the United States, and argues that including trade to his two-sector growth
model might be very useful to explain some characteristics of the South Korean experience,
like the rapid decrease in the sectoral share of agriculture.

Stokey (2001) is very related to my work, since its goal is to quantify the effects of
international trade and other factors on the structural transformation transformation of the
United Kingdom. As the author explains, the United Kingdom imported food and raw
materials from 1780 to 1855, with the fraction of imported agricultural goods over the total
being 13% in 1780 and 28% in 1850. Her conclusion is that foreign trade played an important
role in the Industrial Revolution of the country: the growth in food imports accounts for 100%
of the decline in agricultural production, 25% of the increase in manufactures production,
20% of the increase in energy production, and 50% of the increase in real wage. Also, if the
country had remained under autarky, tthe relative price of agricultural goods would have
increased by 43% instead of the 22% observed. Hayashi and Prescott (2008) also consider
the possibility of food being a tradeable good in their study, but the main focus of paper, as
well as the main quantitative conclusions, assume that food was nontraded.

Another important influence to this paper comes from the development accounting lit-
erature by sector, like Caselli (2005), Cordoba and Ripoll (2004), Restuccia, Yang and Zhu
(2008) or Vollrath (2008). These articles take into account the sectoral composition of GDP,
instead of assuming that total output is produced by a unique aggregate production func-
tion. Caselli (2005), for example, concludes that poor countries have most of their labor
force in the sector in which they are particularly unproductive, and that if all countries had
the same agricultural labor productivity as the US world income dispersion would actually
disappear. Moreover, according to the development accounting exercise he performs, almost
all the variation in agricultural labor productivity comes from differences in agricultural to-
tal factor productivity, and, hence, not much is attributable to differences in the amounts of

observable inputs employed in the agricultural sector by the various countries.



3 Structural Transformation Model

3.1 Model Setup

In this section I present two theoretical models. The first one is a two-sector neoclassical
growth model of a closed economy'?, which I use to describe structural transformation in
the United States and how structural transformation would have proceeded in South Korea
and United Kingdom if they had remained closed. The second is a model of a small open
economy, which is similar to the closed economy except that the country can trade with the
rest of the world. This model use to describe structural transformation in South Korea and
United Kingdom.

One of the sectors in the economy is agriculture, which produces a good that is only
used for consumption. The nonagricultural sector produces a good that is used for con-
sumption as well as investment. In the model, there is a representative household with N ()
infinitely-lived members, who derive utility from consuming the agricultural good and the
nonagricultural good. The household’s size grows at constant rate n, and without loss off
generality N (0) is set equal to 1.The amount of agricultural and nonagricultural consumed
by each member of the household are denoted ¢, (t) and ¢, (t) respectively, p denotes the
intertemporal discount rate. The instantaneous utility function is a variation of the Stone-

Geary utility function:

and

() 1olog (ca () — ca) if ¢, (s) < ¢t @
u(cq) =
B+ pylog (e, —ct + A) ifc,(s) > ¢

a

¢, denotes the minimum consumption level for the agricultural good, which can be in-

0Hayashi and Prescott (2008) use a similar model. It is also related to other two-sector growth models in
the literature like Echevarria (1997, 2007), Gollin, Parente, Rogerson (2007), or Matsuyama (1992).



terpreted as the subsistence level'l. p, is the relative weight on agricultural consumption
when this consumption is low. When agricultural consumption is higher than ¢}, the relative
weight on the agricultural consumption becomes fi;, where p; < p,. The constants A and

B are defined as

A= ﬂ (CZ - Ca) ) B = :u()log (CZ - C(L) — M lOg (& (CZ - Ca))
Ho o o Ho o

and they guarantee that the function w (.) is continuous and differentiable at .

Figure 2 illustrates graphically some properties of the preferences, with the parameters
1o and p; taking the same values as in sections 4 - 6. The change in the relate weight
increases the concavity of the function u (.) at ¢!, so that the marginal utility of agricultural
consumption above ¢ is lower than if the weight did not change. It also decreases the
marginal rate of substitution at ¢}, as the first the first plot shows. The second plot shows

that the agricultural consumption expenditure is continuous and decreasing both below and

&
above c;.
Figure 2: Graphical Description of Preferences
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My analysis focuses on economies where agricultural consumption is higher than the subsistence level
Ca, but one may think of it as the minimum consumption people need to survive. If population is such that
the amount of agricultural good available is not enough, then population would probably adjust, but this is
beyond the analysis of this paper because population evolves exogenously here.
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The preferences in (2) is are able to fit the data in sections 4 - 6 better than preferences
that have a constant weight on agricultural consumption, or preferences that assume a

satiation level in the agricultural good consumption'?.

Households own capital and land, which is supplied inelastically to firms together with
their labor'®. Households choose the amount to save each period, and the amount of con-
sumption of both goods. Since both labor and capital are perfectly mobile across sectors,
there is a unique wage rate w (t) and a unique capital rental rate r (t). Households’ income
also includes the land rents, which are denoted by p; (t) L, with p; (t) denoting the price per
unit of land and L denoting the total land available.

Equation (3) shows the per capita budget constraint of the representative household,
with the price of the nonagricultural good normalized to 1, k denoting the per-capita capital
stock, 0 the capital depreciation rate, n the population growth rate, and g the relative price

of the agricultural good at time ¢. Note that all variables depend on time, except for J, n,

and L.
dk —nt
%:w—i-(r—é—n)k—i-pl[/e — qCy — Cp (3)
The optimization problem of the household consists of choosing [¢, (¢), ¢, (t), k (t)]i=0
to maximize equation (1) subject to the budget constraint in (3) and kqy given. The optimal
consumption mix is given by equation (4), the optimal growth rate of nonagricultural con-
sumption by equation (5) and the optimal evolution of the capital stock is given by equation

(3), together with the boundary conditions k (0) = k¢ and the transversality condition in

equation (6).

1 Cq — Cq .
_Q = q if Cq S C:, (4)
Ho  Cn

1 (cq —c .

:ua Cn

12Gollin, Parente and Rogerson (2007), Laitner (2000), or Stokey (2001) use preferences with a satiation
point.

13In the model, all the members of the household work so that total employment is equal to total popu-
lation. In the simulations, they are taken from the data, so they are not equal.
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den

7 =cy(r—20—0p) (5)
im e fO’/(T(S)*n*f;)dSM =
t1—>oo { Cn (t) } ’ (6)

There are also many identical firms in each sector, which rent labor and capital to max-

imize profits. The production function for the agricultural good in per capita terms is

Yo = Aafa (kaa Na,s Lae_nt) (7)

where

fo (B, Naw L) = kenfle (Loe) "

A, denotes the total factor productivity, k, the capital stock per capita, n, the labor
input per capita, and L, the total land employed in that sector.

The production for the nonagricultural sector is

Yn = Anf" (knymn) (8)

where

F" (Kp, Ny) = KjnN,~o"

with A,, denoting total factor productivity in the nonagricultural sector, k, the per capita
stock of capital, and n,, the labor input per capita used in that sector!'?.
Productivity grows exogenously in both sectors, and the productivity growth rate is not
necessarily the same: .
A,

A—n:7j>0,j:a,n

In order to maximize their profits, firms choose to employ an amount of inputs such that

14Gince firms exhibit constant returns to scale, the total number of firms is irrelevant for the equilibrium.
Therefore, we can solve the equilibrium as if there was a representative firm in each sector.
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the value of their marginal productivity is equal to its price in both sectors

O
T—qjg—g]f,J—a,n (9)
J
Oy .
q](?_nj’j =a,n (10)
Y

where ¢, is equal to ¢, and ¢, is equal to 1.
Finally, both in the closed and open economy, the production factor markets clear at

every point in time:

Ng + Ny, =1 (12)
ko +k,=k (13)
L,=1L (14)

3.2 Closed Economy Equilibrium

Under autarky, the endogenous relative price adjusts so that the amount supplied of both
goods is equal to the amount demanded!?. The two output market clearing conditions for a

closed economy are:

A f? (k:a, N, Lae_m) = Cq (15)
dk
Apf" (kn, kn) = cn + pn + nk + ok (16)

Definition 1. A competitive equilibrium for the closed economy, given ko and the exogenous

15The market clearing condition in equation (16) is actually redundant, since it can be obtained from the
budget constraint in equation (3), using the fact that w + rk = qy, + yn, and the fact that y, = c,.
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variables (A,, A,, N), are prices and quantities [q, W, Ty P, Yas Yns Car Cny Nay My Ka, kn,
kli~o, satisfying the consumers’ optimization conditions (4) - (6), the firms’ optimization

conditions (9) -(11), and the market equilibrium conditions (12) -(16).

As technology grows in both sectors, capital accumulates and production of both goods
increases. If population growth is not too high, then per capita consumption increases over
time, not only for the nonagricultural good but also for the agricultural good. As a result,
the nonhomothetic component of the preferences becomes less and less important over time,

and in the limit consumers behave as if their preferences were

u (Cm Cn) = log (Ca) + log (Cn) (17)

Note that this may not be the case if population growth is very high because of the
fact that there are decreasing returns to scale in the agricultural good production. For the
preferences in (17), the equilibrium system is consistent with a Balanced Growth Path where
all the variables grow at constant but not necessarily common rates. The solution to the

system is the unique path that converges to it. If

U,
(1_0'/!1_6(1)”<1_a7n+’7a (18)

the solution to the equilibrium described above with the preferences in (2) converges to the
same Balanced Growth Path. The next theorem states this idea more formally, and appendix

A contains a detailed explanation.

Theorem 1. If the condition in equation (18) is satisfied,then the Competitive Equilibrium
defined in equations (4) - (6), (9) -(11) and (12) -(16).has a unique Balanced Growth Path,

where the fraction of labor and capital allocated to both sectors are positive and constant, and
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the growth rates of capital, consumption and the relative price are

G 1
cn_l—ozn%‘

k
k

Ca Qg
= = — (1 -y, —
P ptt (I—as—B)n

1—q,
1—a,

:(1—0[(1—6)”"‘ Yn = Ya

Q.

Moreover, for any initial condition, the economy converges asymptotically to this Balanced

Growth Path.

3.3 Open Economy Equilibrium

In the open economy there is trade in final goods, but there is no borrowing or lending of
capital.

The consumer optimization conditions are obviously the same as in the closed economy.
The firms’ optimization conditions are also the same, assuming that the international price
is below the level at which the country specializes in the agricultural good production. Note
that specialization in the nonagricultural good is not possible in the short run because the
production factor land can only be used in the agricultural production.

The market clearing conditions for inputs are also the same, but the market clearing
conditions for the two final goods are now different: total production of agricultural good is
equal to consumption plus net agricultural exports z,, and total production of nonagricul-

tural good is equal to consumption plus net exports z,, plus total investment.

Aaf® (Kasnas Lae™) = ca + 74 (19)
§ d
Anf (kn,nn):cn—i—xn—i—%—l—nk—i—ék (20)
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Because of the balanced trade assumption, the value of net agricultural exports x, plus

the value of net nonagricultural exports z,, is zero every date:

qTq + 2, =0 (21)

Also, the country is assumed to be small relative to the rest of the world, so it takes the
international relative price as given. Thus, both so that both ¢ and 7, = ¢/q are exogenous,

and the value of net exports is endogenously determined by the model.

Definition 2. A competitive equilibrium for the small open economy, given ko and the ex-
ogenous variables (Aq, An, N, q), are prices and quantities [w, T, Pi, Ya, Yns Cay Cny Tas Tn,
Nay Ny Koy kn, Kli>0, satisfying the consumers’ optimization conditions (4) - (6), the firms’
optimization conditions (9) -(11), and the inputs’ market equilibrium conditions (12) - (14)

and the goods’ market equilibrium conditions (19) - (21).

As it was the case for the closed economy model, if population growth is not too high
compared to the productivity growth rates, in the limit, consumers behave as if their pref-
erences were the ones presented in equation (17). As a result, when the preferences are the
ones presented in equation (2), the solution to the equilibrium system is also the unique
path that converges to the homothetic preferences Balanced Growth Path. Assuming that
the agricultural price is not high enough to imply specialization in the agricultural good, the
characteristics of this balanced growth path depend on the values of the exogenous variables
growth rates. The next theorem states this idea more formally, and appendix B contains a

detailed explanation.

Theorem 2. If (18) holds, then the equilibrium defined in equations (4) - (6), (9) -(11), (12)

- (14), and (19) - (21) has a unique Balanced Growth. The characteristics of the Balanced

Growth Path, depend on the relationship between vy, and <(1 —a,— f,)n+

l—ag
—

ot n ~ %) :
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6 1

k_tn dn
L= = n

azl_anfyn_fyq

If the relation holds with equality the fraction of inputs allocated to both sectors is

positive and constant, and if the relation holds with inequality the economy specializes

in the production of nonagricultural good.

o Ify,>(1—a,—fB,)n+ i:gz Vo — Vas» the economy specializes in the production of

agricultural good, and

Eooé, L 1—a— 8,
A U - —= "n
k¢, l—aava 1—oza7q 1—a,
Ca 1 n Qg l—a,—p3,
Ca 1—aaﬁy“ 1—04(17‘1 1—a,

Moreover, for any initial condition, the economy converges asymptotically to this Bal-

anced Growth Path.

3.4 Structural Transformation in a Closed and an Open Economy

As consumers get richer the share of consumption expenditures in agricultural good de-
creases. As a result, in a closed economy, the fraction of labor and capital employed in the
agricultural sector tends to decrease over time, that is structural transformation takes place.

More formally, in a closed economy equilibrium,

Ca n . %

1—n, Cq 1—a,yn

a *_A n .

n R = I Ba_ if ¢, > ¢
1—n, Cq 1—anyn



Hence, if ¢, /y, is constant or decreasing, as agents get richer and agricultural consumption

increases, n, decreases as well for all income levels'®.

Also, in a closed economy, the relative of the agricultural good tends to move in the same

direction as the agricultural employment share. However, other variables also affect it:

A datB,—
=7 (L) et pan—oayy () (22)
where
nlfaafﬁa
U (n,) = -

On—Q
(ﬁa o (ﬁa _ 1_%)) e
a
Qg Qq Qn

Hence, an increase in total population, for example, increases the agricultural price. Also,
if the nonagricultural sector is more capital intensive than the agricultural one, then capital
accumulation also affects the relative price positively. Finally, if the nonagricultural produc-
tivity increases faster than the agricultural productivity, the ratio A, /A, increases and the

relative price is also rises.

When countries open up to international trade, structural transformation is affected
since the fraction of productive inputs allocated to the agricultural sector may increase or
decrease. It will depend on whether the domestic relative price is higher or lower than the
international one. Looking at equation (22) we can say, for instance, that countries with low
land endowment or low agricultural productivity are expected to be agricultural importers.

We can also see that, since ¢ is not constant over time, the evolution of the comparative
advantage of a country does not depend only on the evolution of the right hand side variables
of equation (22). A country with faster productivity growth in the agricultural sector than
in the nonagricultural one, for instance, does not have to become agricultural exporter
necessarily. The reason is that if the productivity growth difference is even larger in other

countries, the fall in the international price ¢ will prevent it.

16Only if there are periods in which the fraction of nonagricultural output spent on consumption increases
by enough we will observe an increase in the agricultural employment share n, in spite of the income growth.
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Trade affects economic growth because it affects the sectoral composition of the economy.
Trade can lead to an increase in the production of the good with high TFP growth or to
an increase of the good with low TFP growth. Also, trade can increase or decrease capital
accumulation: for nonagricultural exporters trade increases capital accumulation, since the
nonagricultural good is more capital intensive, but for agricultural exporters trade decreases
it.

At the same time, economic growth may also affect the degree of comparative advan-
tage of a country. For example, a country that accumulates capital faster than its trading
partners will tend to experience an increase in its comparative advantage over time if it is a
nonagricultural exporter (and a decrease in its comparative advantage if it is an agricultural

exporter).

4 Model Calibration and United States Structural Trans-
formation

In this section and the two that follow, I simulate the model and compare the simulations
to the structural transformations in the United States during the period 1890 - 2007, South
Korea during the period 1963 - 2007, and the United Kingdom during the period 1800 - 1900.
The parameter values used are the same in all the simulations'”, and the only difference in
the three simulations is the time path of the exogenous variables and the degree of openness
to international trade. Counterfactual simulations are then used to quantify the role of
international trade for the cases of South Korea and the United Kingdom.

In this section, I first describe the calibration of the parameters, and then I simulate
closed economy model to match the United States data. Although the United States is

not a closed economy, its net agricultural exports are low in relation to its production, so

1"The preferences parameter cq takes different values for each country, as the next subsection explains in
detail.
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I assume that its agricultural production is equal to its agricultural consumption at every
date. During the period 1910 - 2007, the ratio of net agricultural exports over agricultural
output is between -5% and 5% for most years, and only during the period 1975-1995 the

ratio gets over 10%. This ratio is shown in figure 3'8.

Figure 3: US net agricultural exports over agricultural output
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There are two main reasons to start with the United States. First, since it is very close
to its Steady State by the end of the period, it it possible to calibrate the parameters that
determine the long run. Second, it illustrates the elements behind industrialization under

autarky, like productivity growth in the two sectors and capital accumulation.

In 1890, agricultural employment in the United States was 40% of total employment, and

it is currently around 1%. The lack of reliable data for some variables like capital stock and

18Net agricultural exports data: Historical Statistics of the United States, Millenial Edition Online
(http://hsus.cambridge.org) for period 1910 - 1949; United States Department of Agriculture, Economic
Research Service (http://www.ers.usda.gov) for period 1950 - 2007.

Net agricultural output data: Historical Statistics of the United States for period 1910 - 1928; Bureau of
Economic Analysis, Gross Domestic Product by Industry Accounts (http://www.bea.gov) for period 1929 -
2007.
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sectoral ouptut makes it difficult to start the analysis earlier.

4.1 Model Calibration

The parameters that must be calibrated are the production functions parameters (o, f,,
), the depreciation rate d, and the preferences parameters (p, 1, i1, Ca, C)-

The value used for the labor intensity in the nonagricultural good production function,
1 — a,, is 2/3. This is the customary value used in the literature'®, and it is exactly equal
to the average labor income share on total nonagricultural income for South Korea during
the period 1963-1995%.

The value used for the labor exponent in the agricultural good production function, 3,
is 0.5. This is approximately the average labor income share in total agricultural income for
South Korea in the period 1963-1995, and it is within the range of the values used in the
literature®'. The agricultural capital exponent in the agricultural production function, o, is
0.1, which is the average income share in the agricultural sector for South Korea the period
1963-1995. This implies an exponent for land in the agricultural production function equal
to 0.4, which is also in the range of values used in the literature.

The value used for the depreciation rate parameter ¢ is 0.1, which corresponds to the
average replacement rate of nonresidential structures and producer durables, as discussed in
Christensen and Jorgenson (1995).

The value used for the intertemporal discount factor p is 0.06, which is the value that
makes the long run capital output ratio in the model match the United States data. This
value is slightly larger than the one used in Cooley (1995), which is 0.054, the reason being

that the capital data I will use does not include consumer durables or residential buildings.

198ee, for instance, Hayashi and Prescott (2008).

20The income shares series are taken from Kim and Hong (1997), published by the Korea Development
Institute. See page 79 for the nonagricultural income shares, and page 67 for the agricultural income shares.

2IHayashi and Prescott (2008), for instance, use 0.545 for Japan, Caselli and Coleman (2001) use 0.6 for
the United States, and Stokey (2001) uses 0.387 for the United Kingdom.

22Hayashi and Prescott (2008), for instance, use 0.1932 for land in Japan, Caselli and Coleman (2001) use
0.19 for the United States, and Stokey (2001) uses 0.45 for the United Kingdom.
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The value of the preference parameter p, is 0.01, which is chosen so that the the model
is able to match the long run agricultural employment share, as observed in the United
States. The preference parameter 1, is equal to 0.5, and it is chosen to fit the agricultural
consumption data for South Korea since it only plays a role for low levels of income.

Since the units of the data are not comparable across countries, the consumption subsis-
tence level parameter ¢, is independently estimated for each country from their consumption
data. The consumption threshold ¢} is equal to 1.5 times ¢,, which is the relation between
the two parameters in the South Korea estimation.

For the case of the United States, the value used for ¢, is about 60% of the agricultural
consumption in 1890, for South Korea it is 85% of its agricultural good consumption in 1963,

and for the United Kingdom it is 91% of its agricultural good consumption in 1800.
Table 1 contains a summary of all the parameters and the values used in the simulations.

Table 1: Parameter Values

Description Value
o, Capital share nonagr sector 1/3
o, Capital share agr sector 0.21
B, Labor share agr sector 0.5
0 Capital depreciation rate 0.10
Jo) Intertemporal discount 0.06
Ko Agr good consumption initial weight 0.5
[N Agr good consumption LR weight 0.01
cz / Ca Agr consumption parameters ratio 1.5

60% c, 1890 in US

Cq Agr subsistence level consumption 85% ¢, 1963 in Korea

91% ¢, 1800 in UK

22



4.2 Exogenous Variables Specification for the United States

To simulate the model, it is also necessary to specify the path of the exogenous variables
(both for the sample period and for future periods), and give the initial condition for the
capital stock. Appendix C contains a detailed explanation of the data sources of the time
series used for the United States case.

The exogenous variables of the closed economy model are total population, total em-
ployment, agricultural TFP, and nonagricultural TFP. Table 7 and figure 15 in Appendix C
describe and plot them.

The agricultural sector equivalent in the data is the farm sector, and the nonagricultural
sector is the rest of the economy.

The initial value for capital is the actual value of nonresidential capital stock in the data
for the year 1890, which is equal to two times the nonagricultural output.

The time series used in the simulation for total population N is obtained directly from
the data but eliminating the high-frequency fluctuations. The sample period growth rate
is almost 2% at the beginning of the period and decreases to around 1%, which is also the
value assumed future periods.

The employment-to-population ratio is approximated using a linear trend, and takes an
initial value of 35% and increases during the sample period until 45%, which is assumed to
be the value for future periods.

The agricultural and nonagricultural Total Factor Productivity series used in the simu-
lations are also obtained by smoothing the data. Since there is no direct data on total factor
productivity, it is first necessary to estimate it from the available data. It is done here by
using the Cobb-Douglas production functions from equations (7) and (8), as well as data
on value added and employment by sector. Agricultural and nonagricultural capital stocks
are inferred from data on aggregate capital and assuming that both labor and capital are
efficiently allocated across sectors, since the data on sectoral capital stocks is not complete

and the different data sources do not seem to be compatible. The growth rates are increasing
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during the sample period, with the agricultural TFP growth rate starting at 0.5% and in-
creasing until 6%, and the nonagricultural growth rate starting at 0.2% and increasing until
1.5%. The future growth rates are the average of the last 10 years, which is 5.7% for the

agricultural TFP and 1.44% for the nonagricultural TFP.

4.3 United States Simulation Results

In this section the results of the closed economy model simulations are presented and com-
pared to the actual US data. In figure 4 we can see these comparisons for the fraction of
employment in the agricultural sector, agricultural production per capita, nonagricultural
production per capita, aggregate capital stock, and agricultural relative price.

The model is able to replicate quite successfully the agricultural employment share data,
although it seems to slightly underpredict it in the initial years. The model also matches
pretty closely the agricultural production data, although it overpredicts the data during
the period 1950 - 1980. The nonagricultural production data is also well matched, with
the exception of the period 1930 -1950 which corresponds to the Great Depression and the
WWII. The fit of the model is also quite good in terms of the aggregate capital stock. The
agricultural price data of the last 60 years is also well matched, but the model overpredicts the
data during the Great Depression and underpredicts the data during WWII. This fluctuations
in the relative price are probably related to the fact that the nonagricultural sector TFP is
below its trend during the Great Depression years, and above its trend during the WWII

years as we can see in figure in appendix C.15

4.4 United States Counterfactuals

Next, I compare the agricultural employment share evolution in the baseline simulation
with the one predicted by the model under different initial productivity levels and different

productivity growth rates.
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Figure 4: Model Simulation vs United States Data
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Figure 5 shows the effects of changing the initial productivity levels. If initial produc-

tivity in the agricultural sector had been half of what it was, the agricultural employment

share would have been much higher.

A lower initial productivity in the nonagricultural

sector, on the other side, also increases the agricultural employment share but the effects

are much smaller. When productivity is lower, agents are poorer and they allocate a larger

fraction of their resources in the agricultural sector because of the low income elasticity of

the agricultural good. However, we can see that it is a low agricultural productivity what

leads to a very large agricultural employment share.

Agricultural Emloyment Share

Initial Agricultural Productivity

[ Aa(O)ziOO (Baseli‘ne)
- - -A(0)=50

1960 1980 2000

Agricultural Emloyment Share

0.61
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Figure 5: United States Simulations: Changes in Initial Productivity Level
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Figure 6 shows the effects of changing the productivity growth rates. We can see that a

decrease in the agricultural productivity growth rate by half leads to a slower transformation

process, but the same decrease in the nonagricultural productivity growth rate has almost

no effect on the agricultural employment share.
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Figure 6: United States Simulations: Changes in Productivity Growth

Agricultural Productivity Growth Nonagricultural Productivity Growth

0.4 ; 0.4 ;
- Baseline Baseline
0.35} RS - ==y low | 0.35" - - -7, low
~

I o
8 03f 8 03t
%] n
T 0.25f T 0.25}
€ £
> P
) 3
g 02r £ 0.2f
] 1T}
® I
5 0.15f 5 0157
3 5
2 2
5 0.1f 5 01f
< <

0.05f 0.05F

‘ ‘ ‘ ‘ ‘ ‘ ol ‘ ‘ ‘ ‘
1900 1920 1940 1960 1980 2000 1900 1920 1940 1960 1980

5 South Korea Structural Transformation

In this section, I simulate the open economy model using South Korea data for the exogenous
variables. The goal is to replicate the data using the model simulation, and then quantify

the role played by international trade.

5.1 Exogenous Variables Specification

The agricultural sector is defined in the data as Agriculture, Forestry and Fishing, and the
nonagricultural sector is the rest of the economy.
The initial capital stock is its actual value in the data for the year 1963**, which is equal

to 2.87 times the nonagricultural output level.

The exogenous variables that need to be specified in the open economy are total pop-
ulation, total employment, agricultural TFP, and nonagricultural TFP, as before, together

with the agricultural relative price. Appendix D offers a detailed description of the data

23 Capital stock data is available for the period 1962-1995 from the Korea Development Institute, as
described in appendix D.
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sources of the time series used to compute them. Table 9 summarizes each of the exogenous
variables, and figure 16 shows the exogenous variables used in the simulations together with

the data.

As before, total population, N, is taken directly from the data, although the high fre-
quency fluctuations are eliminated using the Hodrick-Prescott filter. The growth rate of
total population is around 2.5% initially and 0.5% by the end of the period. The population
growth after 2007 is assumed to be constant and equal to 0.5%, which is approximately the
average population growth of the last 10 years. Figure 16 in Appendix D shows both the
actual population time series and the data approximation used in the simulations.

Total employment, F, is again approximated by estimating the employment-to-population
ratio with a linear trend, and then multiplying this ratio by the variable N. Its initial value
is equal to 27% of the total population, and its final value is close to 50%.

Agricultural and nonagricultural TFPs are assumed to have constant growth, since the
data do not show any important trend. The growth rates chosen for both are the ones that
make the simulated production variables fit the actual production variables. As we can see
in figure 16 in Appendix D, these growth rates are a very close approximation to the ones
of the measured data?!.

Finally, the relative agricultural price is also measured in the data, eliminating the high
frequency fluctuations using the Hodrick-Prescott filter. Since there is no data on the rel-
ative agricultural price directly available, the procedure used to measure it is dividing the
agricultural GDP deflator by the nonagricultural GDP deflator. In other words, the nominal
agricultural GDP is divided by the real agricultural GDP to estimate the agricultural price,
the nominal nonagricultural GDP is divided by the real nonagricultural GDP to estimate the

nonagricultural price, and the agricultural relative price is the ratio of the two. Its growth

24For the agricultural TFP, the average growth rate of the measured time series is 0.033 and the value used
in the simulations is 0.032. For the nonagricultural TFP, the average growth rate of the measured time series
is 0.02, and the value used in the simulations is 0.021. The reason not to use the average estimated in the
data is to get a good fit of the agricultural net imports, which is important to have meaningful counterfactual
exercises. Also, the measurement error is likely to be large for the measured sectoral TFPs series.
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rate during the sample period ranges form -0.023 to -0.012, and its future growth is assumed
to be 0.0216 which is equal to the average growth of the last 10 years. Figure 7 plots the

measured data and the variable used in the simulations.

Figure 7: South Korea Agricultural Relative Price
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Government Policies

There is a large literature documenting the efforts by the Korean government to protect
the agricultural sector and increase the income of the agricultural producers. The two main
policy tools have been the agricultural production subsidies, which according to the OECD
estimates? were 56% in 1980 and 65% in 2000, and the agricultural import tariffs, which
according to the United States Department of Agriculture?® were 64% in 1975 and 104% in
1990 for the aggregate agricultural sector?’. To improve the fit of the model, a production

agricultural subsidy o, is introduced, together with a lump sum tax to households 7 to make

25See the OECD report "Agricultural Policies at a glance", 2008.

26See the USDA Agricultural Economic Report number 809 "Structural Change and Agricultural Protec-
tion: Costs of Korean Agricultural Policy, 1975 and 1990", 2002.

2TThe USDA study computes the tariff equivalent rate, which takes into account not only explicit import
tariff rates but also quantitative restrictions, like direct government bans and quotas.
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sure that the government budget is balanced every period:

In the simulation, I use o, = 0 until 1972 because no subsidies seem to be used prior to
that date and o, = 0.10 from 1973 onwards, since using a higher value increases agricultural
production and agricultural employment unrealistically.

With respect the agricultural import tariff, denoted %,, its value does not affect the
simulation at this point because I am already using data on the domestic relative price.
Moreover, I assume that the import tariffs do not affect the households budget constraint,
which implies that either the tariffs do not generate revenues or that the revenues are not
transferred to households. In fact, according to the USDA article mentioned above, “support
to Korean agriculture is principally manifested by border measures” and, for example “the
tariff rate on rice in 1975 and 1990 (5 percent) does not reflect the extremely high barrier

posed by complete government control over rice imports or direct subsidies to production”.

5.2 South Korea Simulation Results

In this section the outcome of the simulated model is compared with the actual data. Figure
8 shows this comparison for six different variables: fraction of employment in the agricultural
sector, agricultural production per capita, agricultural consumption per capita, agricultural
net imports, nonagricultural production per capita, and aggregate capital stock. Note that
the variables agricultural production per capita, nonagricultural production per capita are
plotted starting at 100, to facilitate the reading of the figures.

In the first two subplots, one can easily see the effects of the agricultural production
subsidy in 1972: both the agricultural employment share and the agricultural production
per capita jump up. Obviously, the subsidy also affects the net agricultural imports, since the

sudden increase in agricultural production also leads to a sudden decrease in net agricultural
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imports. The introduction of the subsidy helps the model fitting the data, especially in the
case of the agricultural production, but the main conclusions do not depend on it.

In the agricultural consumption subplot, one can see the consequences of the preferences
used: around 1980 agricultural consumption per capita reaches the level ¢, and it grows
more slowly after that date.

In general, the model with the parameter values described above seems to be able to
capture the main aspects of the structural transformation process of South Korea during the

period 1963 - 2007.

5.3 Policy Experiments: Autarky and Free Trade

To evaluate the importance of international trade, which offers South Korea the possibil-
ity of importing part of the agricultural good consumed, for its structural transformation
process, I perform two counterfactual exercises. The first one consists of comparing the ac-
tual development process of South Korea with a situation where South Korea is not open
to international trade and has to produce all the agricultural good consumed by itself. The
second one consists of comparing the actual development process of South Korea with a
situation where no agricultural policies are implemented to protect the agricultural sector

and reduce its dependency from foreign agricultural imports.

The autarky counterfactual exercise is performed by simulating the closed economy
model, in which domestic demand is equal to domestic supply for both goods, and the agri-
cultural relative price is endogenously determined to ensure market clearing. It is important
to note that when simulating the closed economy model all the parameters and endogenous
variables are kept identical, so that population, employment or productivity growth are not
affected by openness to trade. Also, the agricultural production subsidy is not included.

Figure 9 shows how the autarky model simulation compares with the South Korea sim-

ulation: the agricultural relative price would have been significantly larger, the agricultural
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Figure 8: Model Simulation vs South Korea Data
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employment share would have been somewhat larger, the agricultural consumption would
have been slightly lower, the nonagricultural consumption would have been approximately

the same, and the capital stock would have been lower.

A summary of these results is presented below in table 2. As we can see in the third
row, according to this counterfactual exercise, if South Korea had remained under autarky,
the agricultural relative price ¢ would have been about 16.5% larger on average during the
sample period 1963-2007 than it actually was, the agricultural employment share n, would
have been 21% on average, the nonagricultural consumption would have been almost the
same, and the agricultural consumption would have been 1.13% lower.

Table 3 shows that the gain in intertemporal welfare that South Korea experienced be-
cause it was open to international trade is equivalent to a 0.4% increase in the yearly con-

sumption expenditures.

The second counterfactual exercise, which I label as 'No Agricultural Policy’ or ’Free
Trade’, predicts what would have been the South Korea development process if there had
been no government policies trying to protects the agricultural sector by introducing a pro-
duction subsidy and import tariffs. As explained above, the subsidy used in the South Korea
simulation was equal to 0 until 1972 and 10% from 1973 onwards. The agricultural import
tariffs were not specified in the South Korea simulation since I was already using data on
domestic prices and I assumed it did not generate any income for the country What I do here
is to use the average growth rate of the relative agricultural price in the United States data
for the period 19632007 -which is equal to -3.7%- with the underlying assumption that the
price in the US is the same as in the world markets; then, I choose the level of the relative
price to match the implicit tariff rate estimated by the USDA for the year 1990, which is
equal to 110%. Figure 10 compares the agricultural relative price used in this counterfactual
simulation with the one observed in the data, and it shows it has both a lower level and a

faster decrease.
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Figure 9: South Korea: Baseline Simulation vs Autarky Simulation
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Figure 10: Agricultural Relative Price with and without Agricultural Import Tariffs
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Figure 11 shows the comparison of this counterfactual with respect to the South Korea
simulation. The first plot compares the agricultural net imports, second plot compares the
agricultural sector employment share, the third plot compares the agricultural consumption
per capita, the fourth one the nonagricultural consumption per capita, and the fifth one
the capital stock per capita. They show that South Korea would have had a much higher
level of net agricultural imports, a much lower agricultural employment share, a significantly
higher agricultural consumption, a somewhat higher nonagricultural consumption, and a

significantly larger capital stock if it had no production subsidies and no import tariffs.

These results are also summarized in table 2.The fourth row shows that if South Korea
had not introduced the agricultural production subsidy but had kept the same import tariffs,
its agricultural employment share would have been about 17% lower on average during the
sample period 1963-2007, the nonagricultural consumption per capita would have been 0.65%
larger on average, and the agricultural consumption per capita would have been almost the
same. It also shows that the GDP growth rate would have been quite similar.

The fifth row shows that if South Korea had no agricultural production subsidy and no
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Figure 11: South Korea: Baseline Simulation vs No Agricultural Policy Simulation
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agricultural import tariffs, during the sample period 1963-2007,its agricultural relative price
would have been 42% lower, its agricultural employment share 73% lower, its nonagricultural

consumption 11% higher, and its agricultural consumption 5.5% larger.

Table 2: South Korea - Sample Period Results Comparison

q gap n, gap Cn gap C. gap k gap

§ (avg)  (avg) (avg) (avg)  (avg)
Baseline Simulation 0 0 0 0 0
Autarky Simulation 16.5 21 0.3 -1.1 -3.5
No subsidy Simulation 0 -17 0.65 0.04 2.8
No Agr Policy -42 -73.4 10.9 5.5 12.1

Simulation

Table 3 shows that if there had been no agricultural production subsidy, the intertemporal
welfare gain of the representative consumer with respect to autarky would have been the
equivalent of a 0.5% annual increase in the consumption expenditures. If there had been no
agricultural production subsidy and no agricultural import tariffs the gain in intertemporal
welfare with respect to autarky would have been equivalent to a 5.5% increase in the annual

consumption expenditures.

Table 3: South Korea - Trade Intertemporal Welfare Gain

Autarky Baseline No subsidy No Agr Policy
0 0.4% 0.5% 5.5%

6 United Kingdom Structural Transformation

In this section, I first simulate again the open economy model, in this case using United

Kingdom data of the period 1800 - 1900 for the exogenous variables. Then I simulate the
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closed economy model to ask what would have occurred if the United Kingdom had not had
to foreign imports of agricultural products.

Stokey (2001) finds that international trade had an important contribution in the indus-
trial revolution of the United Kingdom. The exercise here provides a check on her conclusions,

using a somewhat different model.

6.1 Exogenous Variables Specification

As it was the case for South Korea, the agricultural sector is defined as Agriculture, Forestry
and Fishing, since this is the most disaggregated sector available for most of the data, and
the nonagricultural sector is the rest of the economy.

The initial capital stock is its actual value in the data for the year 1800%%, which is equal
to 2.52 times the nonagricultural output level.

The exogenous variables and the data sources used to construct them are described with
more detail in appendix E. Total population, IV, is the HP filtered data, taken from different
sources, and its growth rate during the sample period starts around 1.6% and is equal to
0.8% by the end of the period. The population growth after 1900 is assumed to be constant
and equal to 1%, which is approximately the average population growth of the last 10 years
of the sample period.

Total employment, F, is approximated by estimating the employment-to-population ratio
with a linear trend, and then multiplying this ratio by the variable N. Its initial value is
equal to 28% of the total population, and its final value is close to 45%.

Agricultural and nonagricultural TFPs are assumed to have constant growth, and the
values used for the growth rates are the ones that make the simulated production series fit the
actual production data, with the agricultural TFP growth rate being equal to 1.25% and the
nonagricultural TFP equal to 0.65%. As we can see in figure in Appendix E , these growth

rates are a close approximation to the ones of the measured TFPs, which are measured

28 Capital stock data is available for that period from Feinstein (1988), as described in appendix E.
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using the Cobb-Douglas production functions and data on value added and employment by
sector. As before, agricultural and nonagricultural capital stocks are inferred from data on
aggregate capital and assuming that both labor and capital are efficiently allocated across
sectors, since the data on sectoral capital stocks does not seem very reliable.

Finally, the relative agricultural price is taken from the data, imposing a constant growth
rate. As in the other cases, the relative price is measured as the ratio of the agricultural
GDP deflator over the nonagricultural GDP deflator. Its growth rate both during the sample
period and in future periods is equal to -0.43%, which is the average growth in the available

data. Figure 12 plots the measured data and the variable used in the simulations.

Figure 12: United Kingdom Agricultural Relative Price
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6.2 United Kingdom Simulation Results

In this section the outcome of the simulated model is compared with the actual data. Fig-

ure 13 shows this comparison for six different variables: fraction of employment in the
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agricultural sector, agricultural production per capita, agricultural consumption per capita,
agricultural net imports, nonagricultural production per capita, and aggregate capital stock.
Note that the initial value of the agricultural production per capita, the nonagricultural
production per capita and the capital stock are normalized to 100 to facilitate the reading
of the figures.

The first plot shows the agricultural employment share, and we can see that the model
is able to capture the main features of the data, although it overpredicts the data initially
and then it underpredicts it around 1850. The variable in the second plot is agricultural
production per capita, and it shows that the model is able to get quite close to the data,
although the data is very volatile in this case. The third plot compares the net agricultural
imports series from the model simulation and from the data, and it shows a good fit except
for the last observation available. The data availability, however, is shorter for the case of
this variable than for the others. The fourth and fifth plot show the model is also able to

match the data for the nonagricultural production variable and the aggregate capital stock.

6.3 Policy Experiment: Autarky

To quantify the importance of international trade for the structural transformation of the
United Kingdom, the open economy simulation presented above is compared to the closed
economy simulation where the country has to produce all the goods consumed. To predict the
transition of process of the United Kingdom under autarky, the closed economy simulation
using the same exogenous variables and initial conditions as in the open economy simulation.

Figure 14 compares the evolution of the agricultural relative price, the agricultural em-
ployment share, the agricultural and nonagricultural consumption, and the capital stock in
the open economy simulation to the one in the closed economy simulation. We can see that
both the agricultural relative price and the agricultural employment share would have been
significantly larger, and the agricultural consumption level, the nonagricultural consumption

level and the capital stock would have been significantly lower. The model predicts that

40



Figure 13: Model Simulation vs United Kingdom Data
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the differences in capital stock, nonagricultural consumption, and agricultural employment
share vanish over time, but not the differences in agricultural consumption level and the
agricultural relative price.

Table 4 presents the average difference for the different variables during the sample period
1800 - 1900: if the United Kingdom had not been open to international trade, its agricultural
price level would have been 45.8% larger during the period 1800 - 1900, its agricultural
employment share 155.72% larger, its nonagricultural consumption per capita 10.45% lower,

its agricultural consumption consumption per capita 5.41% lower, and its capital stock 20.8%

lower.
Table 4: United Kingdom Sample Period Results Comparison
% q gap n, gap ¢, gap C, gap k gap
(avg)  (avg) (avg) (avg)  (avg)
Baseline Simulation 0 0 0 0 0
Autarky Simulation 45.8 155.7 -10.5 -5.4 -20.8

Table 5 shows the extra intertemporal welfare the United Kingdom enjoyed due to the fact
it was open to international trade: compared to the autarky situation, the United Kingdom
experienced a gain in welfare equivalent to increasing by 5.5% the annual consumption

expenditures.

Table 5: United Kingdom - Trade Intertemporal Welfare Gain

Autarky Baseline
0 5.5%
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Figure 14: United Kingdom: Baseline Simulation vs Autarky Simulation
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7 Conclusions

To study the importance of international trade in the structural transformation process of
countries, the closed and open economy versions of a neoclassical two-sector growth model
are analyzed. In the autarky version of the model, as countries get richer they experience
a sectoral reallocation of the production factors from the agricultural sector to the rest of
the economy due to the fact the agricultural good has a low income elasticity. International
trade may accelerate or slow down this transition process, depending on the relation between
international and domestic prices.

The model is then calibrated and simulated using data from the United States, South
Korea and the United Kingdom. First, the closed economy simulation is shown to be able
to match the structural transformation process in the United States during the period 1890-
2007. The exercise illustrates the importance of productivity growth, especially in the agri-
cultural sector.

Then, the open economy version of the model is shown to be able to match the structural
transformation of the United Kindom during the period 1801-1901, and of South Korea
during the period 1963-2007. In both cases, since the relative price of the agricultural good
in the international market was lower than the one they would have faced under autarky, the
countries imported agricultural goods during the entire sample period, which implies that
trade played a positive role in their transformation processes. The model is then simulated
under the assumption that countries were under autarky to compare the simulation outcomes
and quantify the importance of trade in both countries.

In the case of the United Kingdom during the 19th century, the results show that inter-
national trade played a very significant role in its industrialization process, confirming the
results Stokey (2001) in a somewhat different model. In particular, if the country had been
under autarky, the relative price of the agricultural good would have been 46% larger on
average during the sample period, the share of employment in the agricultural sector would

have been 156% larger, the nonagricultural good consumption would have been 10% lower
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on average, the agricultural good consumption would have been 5% lower, and the capital
stock would have been 21% lower on average. The intertemporal welfare gain the United
Kingdom experienced from the intersectoral trade with the rest of the world is equivalent to
a 5.5% increase in the yearly consumption expenditures under autarky.

In the case of South Korea during the last 45 years, the results show that international
trade had a negative effect on the agricultural relative price and on the agricultural employ-
ment share: the relative price of the agricultural good would have been 17% larger on average
if South Korea had been under autarky, and the share of employment in the agricultural sec-
tor would have been 21% larger on average. Agricultural and nonagricultural consumption,
however, would not have been much different during the sample period, and the intertem-
poral welfare gain South Korea experienced because of international trade is equivalent to
less than a 0.4% increase in the autarky yearly consumption expenditures. The conclusion,
therefore, is that the role actually played by international trade is small compared to other
factors like total factor productivity in both sectors, and capital accumulation.

However, it is important to note that South Korea had a very active role in protecting
its agricultural sector to reduce its dependency from foreign agricultural imports. With that
goal, South Korea introduced agricultural production subsidies in the early 70s, and applied
tariffs to the agricultural imports during the entire sample period. When the model is
simulated without the agricultural production subsidy and without the agricultural import
tariffs, it shows that international trade would have played a much larger role and the
country would have experienced an even faster structural transformation process. In this
counterfactual scenario, the gain in intertemporal welfare compared to autarky is equivalent

to an increase of 5.5% in the autarky annual consumption expenditures.
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Appendices

A Closed Economy Analysis

[to be completed]

The equilibrium conditions of the closed economy can be simplified to the two dynamic
equations (23) and (24) below, plus the three static equations (23) - (27) below. Nonagri-
cultural good consumption ¢, is the control variable and per capita capital stock k the state

variable, which depend on the endogenous variables s, (t) = ]X?((tt)) and s (t) = };“((5).
Cn(t) o A an—1 l—an
= 0 () (L= 5 () RO (1= ()™ =6 (23)

R(t) = A (1) (1= s (D) k(D)™ (1= 50 (£)' 7 = (5 +n) k (£) = e (¢) (24)

1—aa—0,
Aa () (52 (5) A (8) (1= s, (£))

= s ) k() (#)

L)
—~
~
~—
Q

IS
I

q(t)

C
i+ mel e (t) > ¢

Lemma 1. If the preferences are the ones in equation (17), then there exists a Balanced
Growth Path where all the variables grow at constant rates, shown in equations (28) - (31):

s. () se(t) 0 (28)

k() elt) 1
K)ot 1—an ™ (29)
B = (- a,= B+ ooy, -1, (31)

Proof. [to be completed]

e If the preferences are the ones in equation (17), imposing that all variables grow at
constant rate gives solution shown above.
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Lemma 2. Let {E (t),én () ,@(t)} be defined as follows:

Ty o~ k(@)

B = A, () e

- _ cn (1)

n(t) = )

i) = —1Y
An(t)=0n

l—aq—p,
Lo V(1)) ’
The equilibrium system defined above in equations (23) -(26), together with the initial con-
dition for ko and the transversality condition in equation (6), can be rewritten in terms of
this new set of normalized or detrended variables, as shown in equations (32) - (36):

Gty =& (1) [on (A= s ED) " Qs )™ —6—p— it (32
1—a,

q(t) B, Gy (1—ap 0 s O™ (35)
~ Qa B < (t)ﬁ + Moif_(:) if ca () < ¢}
(6 OF @) (s (2) { Lt % () > et (36)
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—
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im {6 f&(r(s)(sn)ds%} — (37)

Lemma 3. If the preferences are the ones in equation (17), then the equilibrium system
defined in equations (32) - (36) has a Steady State, where all the variables are constant,
defined in equations (38) - (42). Moreover, the solution to this system of equations consists
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of the path that converges to this Steady State.

(= s B) ™ (@ =gt (39
an ((1— s} — 5 =04+ T
~58 __ o oS8\ 188 an _oss\\1lman 1 188
6 = (=) B) " (= s = (0t 2 ) (39)
ss\8 ss\1—an
55%)"e 1—s;
assaa (A ) 1_aa — n ( /)\ 1_an (40)
(szskss> ((1 — 53%) kss)
(8287{\55> o ((1 _ SZS) /k.\58> an
0 Ba~—a5 =1 —an) G (41)
G ((1 = sg%))
N\ e o
(s0%) " 00 = (42)

Proof. [to be completed]

e steady state of detrended equilibrium system exists as long as solution to the system
of equations (38) - (42) exists.

e show that system exhibits saddle path stability (only one path converges to the steady
state), computing eigenvalues and showing one positive and one negative...

e argue that all paths in the phase diagram violate the transversality condition.

]

Lemma 4. For the equilibrium system with the preferences defined in equation (2), if
(1—a,—B,)n < v, + 722, then the detrended equilibrium system defined in (32) -

l1—anp
(86) converges to same equilibrium as the equation (17) preferences case.

Proof. [to be completed]

o if (1—a,—08,)n <7, + 127, then

lim ¢ —= _1jm{(1—aa—ﬁa)n<7a+1&a Vn}—o
—a,

t—oo | 2 (t) t—o0

As a result,
lim {z (t) (c; —A)} =0

t—oo

which implies that same asymptotic equilibrium system when (¢ — A) > 0 and when
(¢t —A)=0.
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e detrended equilibrium system with (¢i — A) > 0 also exhibits saddle path stability;
therefore, only one path converges to the SS.

e any other path different than the one converging to SS violates transversality condition;
therefore, convergent path is the only solution to the detrended equilibrium system.

O

Corollary 1. The equilibrium solution is also the unique path that converges to the steady
state defined in equations (38) - (42).
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B Open Economy Analysis
[to be completed]

The open economy equilibrium can be simplified to two dynamic equations - equations
(43) and (44) below - and four static equations, also presented below. The two dynamic
equations determine the change in the state variable & (¢) and in the control variable ¢, (),
as a function of some other endogenous variables. The equations that determine these other
endogenous variables vary depending on the country’s specialization pattern, as shown below.

=r(t)—0—p (43)

R(t) = A (8) (1= sk () k(D)™ (1= 5. (1)) 7™ = (5 +n) k(1) — o () —a (1) (44)

If the exogenous relative price ¢(t) is such that the country produces both goods then
the static equations describing the equilibrium are equation (45) below - which defines the
interest rate r (t) -, together with equations (25) and (26) above - which state that the
value of the marginal product of both factors has to be equal across sectors-, and equation
(19) below - which is the agricultural good market clearing condition written in terms of
nonagricultural consumption and nonagricultural exports-.

An (1) (1= 50 (1)

1= a, 45
B (R IOy v

I 1—aa—8, “Ocn(t) Yooy — en(t) 55 ca(t) < ¢
Aa t S t k: t Qg 86 t Ba( _) :{ Q(t) _ Q(t) 46
(1) (s (R ()" (s 0 575 o e A e O

q(t)
If the exogenous relative price ¢ (¢) is such that only the agricultural good is produced, then
the interest rate is defined by equation (47), the agricultural good market clearing condition

in equation (46) does not change, and the two other equations defining the equilibrium are
(48) and (49) below.

A, (1) (Se)ﬁa (ﬁ)l_aa_ﬁa

() = aW) o (")
Se(t) = 1 (48)

If the exogenous relative price ¢ (t) is such that only the nonagricultural good is produced,
then the capital rental rate is defined again by equation (45) above, the agricultural good
market clearing condition is still (46), and the other equations are () and ().

se(t) = 0 (50)
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These equations, together with the boundary conditions k (0) = ko and the transversality
condition in equation (6), are the ones used to find the solution of the model.

Lemma 5. If the preferences are the ones in equation (17), then the open economy equi-
librium is consistent with a Balanced Growth Path, in which all the variables grow at a
constant rate. The growth rates of the endogenous variables in the BGP are the ones showed
in equations (52) -(54):

= =0 (52)

k<t) Coalt) m(t) if g <,7v
- - - 1 1 1—aa— a (53)
E(t) c(t) x,(t) o Vot T Ve~ At i g >
ca(t) { e T ~ if ”y <7 (54)
ca (1) oy 2y, — 52 iy, > 5
where”y’z(l—aa—ﬁa)n%—i “Yn = Var

Proof. [to be completed]

e prove that when the preferences are the ones in equation (17), imposing that all vari-
ables grow at constant rate in the system of equations (43) - (46) gives solution shown
above:

— from equation (44), in BGP, Z: 0 = —3 and 5"8 (—i; also, if s%° < 1 k()

1—o¢n7”'
— from equation (27), if sjs >0, 7, + 70+ (aa — 1) kgg —(1—a, —fB,)n =0, which
implies that E g —— (Yt Ve — (1= — )

— hence, in order for 0 < s3° < 1, it must be that v, = +(1—a, —B,)n—"2,.

]

Lemma 6. If the growth rate of the exogenous relative price q, denoted by v,, is equal to
(1= = B,)n+1 1- Y Vas then the Steady State has positive production of both goods (0 <
s <1,0< s < 1), ifv, > (1 —aq—B,)n+ ngﬂn Vas then only the agricultural good is
produced in the Steady State (s® =1, s;° = 1); finally, if v, < (1 — aq — f3, )n—i—i oY~ Yas

then only the nonagricultural good is produced in the Steady State (s3°* =0, si° =0).

Proof. [to be completed|

e prove that (see page 6g hand-written notes):

— when v, > =227, + (1 — a, — 8,) n — 7,, it must be that s3* = 1: contradiction
with 0 < s° < 1, contradiction with s = 0.
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— when v, <
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which implies that s3° > 0.

* Hence, s3° = 1.

1=Cary 4 (1 -y — B,) 0 — 7,, it must be that s¢* = 1: contradiction

with 0 < s2° < 1, contradiction with s;* = 0.
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which implies that s3° < 1.

* Hence, s3° = 0.

Lemma 7. Let k (t), é, (t), and T, (t) be defined as in equations (55) - (57). k(t), én (t),
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and T, (t), as well as s. (t) and sy (t) are constant in the BGP.
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Lemma 8. The equilibrium system defined in equations (43) -(46) can be rewritten in terms
of the detrended variables E(t), Cn (t), and T, (t) , as shown in the equations below. If the
country is not specialized and both goods are produced, then the detrended equilibrium system
consists of equations (58) - (62). If only the agricultural good is produced, the detrended
equilibrium system consists of equations (58), (59), and (63) together with equations s, (t) =
Sk (t) =1.
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Lemma 9. The detrended equilibrium system defined in equations (58) - (63) has a Steady
State, where all the variables are constant. The solution to this detrended equilibrium system
consists of the path that leads to this Steady State.

Proof. [to be completed]

e steady state of detrended equilibrium system exists as long as there exists solution to
the system of equations defining steady state.

e show that system exhibits saddle path stability (only one path converges to the steady
state), computing eigenvalues and showing one positive and one negative...

e argue that all paths in the phase diagram violate the transversality condition.
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Lemma 10. If (1 — oy — B,) n < v, +7227,,, then the detrended equilibrium system defined

l1—op
in (58) - (63) converges to same equilibrium as the equation (17) case.

Proof. [to be completed]

o if0<s. (1) <1

— (1—a,—pB,)n <7, + 2, implies

1—an

el %
tli)né.lo Zl(t) _tlir?o{(l_aa_ﬁa)n<7a+1—0%7”}_0
As a result,

lim {z' (t)c,} =0

t—o00
which implies that same asymptotic equilibrium system when ¢, > 0 and when
e = 0.
— detrended equilibrium system with ¢, > 0 also exhibits saddle path stability;
therefore, only one path converges to the SS.
— any other path different than the one converging to SS violates transversality con-

dition; therefore, convergent path is the only solution to the detrended equilibrium
system.

o if s.(t) =1,

11—«

— (1= aq = B,)n < 7, + 127, together with , < }:3;1% +(1—a,—58,)n—1,
implies that agy, +7, > (1 — aq — ,) n; as a result

fm = (e} =0

which implies that same asymptotic equilibrium system when ¢, > 0 and when
¢, = 0.

o If 5. (t) =0,

- (1 — Qg — ﬁa)n < Ya + aan7n together with 7q > 1iaa7n + (1 — Qg — ﬁa)n ~Ya

11—« l1—an
implies that v, < l;n; as a result

—an

lim {z*(t)c,} =0

t—o0

which implies that same asymptotic equilibrium system when ¢, > 0 and when
¢ = 0.
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Corollary 2. The equilibrium solution is also the unique path that converges to Steady State
of preferences in equation (17).
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C United States Exogenous Variables and Data Sources

This appendix describes the construction and data sources of the exogenous variables used
in the United States simulations. The exogenous variables used in the simulations are total
population, total employment, agricultural TFP and nonagricultural TFP. The data sources
for other time series used to evaluate the fit of the model with the actual data are also
explained. The information is summarized in table 6.

Table 6: Sources United States Data

Variable Description Period Source

N Total Population 1890-2007 Maddison (2005)
E Total Employment 11982%0: 129(?087 National iﬁmﬁegr?;li{réziit)Accounts
Y, Y, Real GDP by Sector 11952%)0:13(?(?7 National iﬁmiegigi%{réziﬁct)Accounts
PY Nominal GDP 11)822)0:13(?(?7 National i;?gmiegigi%{réziﬁct)Accounts
P | st o cop| IS0 il St of e Dl S
Na, No Employment by Sector 1238 : ;33? National iﬁ\gmiezggi(;{rgiiii)Accounts
K, Ka Real Net Capital Stock by Sector 122(9) : ;ggi National iﬁi‘gm}ze;ls:(;{réfiii)Accounts

Data on total population for the entire sample period 1890-2007 is available in Maddison
(2005). Data on total employment is available in Kendrick (1961) for the subperiod 1890-
1928, and in the National Income and Product Accounts® for the subperiod 1929-2007.

Measures for agricultural and nonagricultural Total Factor Productivity are obtained
using the production functions defined in equations (7) and (8),together with data on sectoral
real GDP, sectoral employment and sectoral real capital.

Data on real GDP by sector also comes from these two different sources: for the period
1890-1928 data on constant dollars gross value added is available in Kendrick (1961) for both
the farm sector and the aggregate economy, and for the period 1929-2007 data on chained
dollars gross value added is also available for both the farm sector and the aggregate economy
in the National Income and Product Accounts.

Data on gross value added in current prices is available in Kendrick (1961) for the sub-
period 1890-1928, and in the National Income and Product Accounts for the subperiod
1929-2007. Data on farm sector gross value added in current prices is available in the His-
torical Statistics of the United States®® for the years 1890 and 1900, and in the National
Income and Product Accounts for the subperiod 1929-2007.

http://www.bea.gov.
30Historical Statistics of the United States, Millennial Edition Online.
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Data on total employment and farm sector employment is available in Kendrick (1961)
for the subperiod 1890-1928, and in the National Income and Product Accounts for the
subperiod 1929-2007.

Finally, the data used for the aggregate capital stock for the period 1890-1928 is the
Real Capital Stock Domestic Economy series minus Farm, Forest and Park Land series,
minus Monetary Gold and Silver, and minus Residential Capital Stock in Kendrick (1961).
This corresponds to the sum of Structures, Equipment, and Inventories. The data used for
aggregate capital stock for the period 1929-2007 is the Chain-Type Quantity Indexes for Net
Stock of total fixed series assets minus the Chain-Type Quantity Indexes for Net Stock of
private residential assets series, minus the Chain-Type Quantity Indexes for Net Stock of
government residential assets in the National Income and Product Accountes. The data used
for the agricultural sector capital stock for the period 1890-1928 is the Real Capital Stock
Farm Economy series minus Farm Land?! from Kendrick (1961), and for the period 1929-2007
is the series Chain-Type Quantity Indexes for Net Stock of Private Farms Fixed Assets from
the National Income and Product Accounts®?. Table 7 summarizes the exogenous variables
values.

Table 7: Exogenous Variables - United States Simulation

Variable Initial Sample period Future
description value growth growth
N Population Normalization 0.018 - 0.009 0.01
E Employment 35% Population 0.02 - 0.01 0.01
A, Agricultural TFP Normalization 0.005 - 0.06 0.057
A, | Nonagricultural TFP | Normalization 0.002 - 0.015 0.014

31Farm land data is not available for all the years of the 1890-1928 period in Kendrick (1961), but it is
estimated to be 92% of Farm, Forest and Park land data series.

32Note that the data capital stock data from Kendrick (1961) includes inventories, while the data from
the National Income and Product Accounts only includes fixed assets. This is probably not a big problem
for the aggregate capital stock, but it may make a significant differnce in the agricultural capital stock. As
a result, the capital stock data by sector may not be completely compatible, which is one of the reasons why
it is not used to measure sectoral TFP.
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Figure 15: Exogenous Variables - United Sates Data
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D South Korea Exogenous Variables and Data Sources

This appendix describes the construction and data sources of the exogenous variables used
in the open economy model simulations. The exogenous variables used in the simulations
are total population, total employment, agricultural relative price, agricultural TFP and
nonagricultural TFP. The data sources for other time series used to compare the fit of the
model with the actual data are also explained. The information is summarized in table 8.

Table 8: Sources South Korea Data

’ Variable \ Variable description \ Period \ Source
. 1950 - 1970 Statistical Yearbooks
N Total Population
1960 - 2007 Bank of Korea
1957 - 1970 Statistical Yearbooks
E Total Employment
1963 - 2007 Korea Statistical Information
P)Y,, P,Y, | Nominal GDP by industr 1953 - 2007 Bank of Korea
a+a n+n y y
Y, Y, Real GDP by industry 1953 - 2007 Bank of Korea
N N Em 10 ment b induStl" 1963 - 2007 Korea Statistical Information Service
a) 1Vn ploy y y
. 1960 - 2003 Statistical Yearbooks
Pz, Agricultural net exports
(various years) Bank of Korea
K R,eal net Capital StOCk 1963 - 1995 Korea Development Institute

Data on total population is available from 1960 onwards from the Korean Statistical In-
formation Service3?, and it is available from 1944 to 1966 in the Economic Statistics Yearbook
1970 (Bank of Korea).

Data on total employment is available from 1963 onwards from the Korean Statistical
Information Service, and it is available from 1957 in the Statistical Yearbook of the Republic
of Korea, year 1960.

Data on the relative price of the agricultural good is not directly available. The way
I construct it is by dividing the agricultural sector GDP deflator by the GDP deflator of
the rest of the economy, where the sectoral GDP deflator is obtained by dividing nominal
GDP data by real GDP data for each sector. Data on current and constant prices GDP by
industry is available from the Economic Statistics System of the Bank of Korea®* starting at
1953. Agricultural sector sector production is Agriculture, Forestry and Fishing GDP, and
nonagricultural sector production is total GDP minus the agricultural sector GDP.

Data on agricultural and nonagricultural Total Factor Productivity is obviously not di-
rectly available either. Using the production functions defined in equations (7) and (8),
one can infer the sectoral TFPs with data on sectoral real GDP, sectoral employment and

$3http://www.kosis.kr/eng/index.htm
34http://ecos.bok.or.kr/Elndex_en.jsp
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sectoral real capital®:

Y,
(Kn)™ (Nn)l_an

Real GDP data for each sector is available from the Economic Statistics System of the
Bank of Korea from 1953 onwards, as just explained.

Data on total employment and employment in Agricultura, Forestry and Fishing is avail-
able from the Korean Statistical Information Service from 1963 onwards. For the period
1957-1960 employment data is available in the Statistical Yearbook of the Republic of Ko-
rea, year 1961. Data for aggregate physical capital is obtained from Kim and Hong (1997,
Korea Development Institute) for the period 1962-1995.

The capital time series used is the sum of the Net Fixed Capital Stock of Nonresidential
Business at 1990 constant prices plus Total Inventories for Nonresidential Business at 1990
Constant Prices®®. Capital stocks for the agricultural and the nonagricultural sector are also
available from the same publication, but instead of using them I created alternative series
assuming that both employment and capital are efficiently allocated across sectors.

As explained above, however, the simulations do not use the sectoral TFPs measured this
way, but an alternative ones with constant growth in both sectors (0.0315 in the agricultural
sector, and 0.0215 in the nonagricultural sector). As figure 16shows, the measured TFPs
growth are quite similar to the ones used in the simulations.

Finally, data on net agricultural exports is needed to compute agricultural consumption
(which is defined as the sum of the domestic production plus the net agricultural exports).
Data on net agricultural exports is obtained from the Input-Output tables published in the
Economic Statistics System of the Bank of Korea for many years between 1970 and 2003.
Data for the years 1960, 1963 and 1968 is form the Input-Output tables published in the
Economic Statistics Yearbook of the Bank of Korea (years 1965, 1966, 1970). Agricultural
net exports are defined here as the net exports of crops, livestock breeding, forestry products,
and fishery products. Table 9 summarizes the exogenous variables values.

n

Table 9: Exogenous Variables South Korea simulation

Variable Initial Sample period Future
description value growth growth
N Population Normalization (0.025, 0.005) 0.005
E Employment 27% Population (0.045, 0.015) 0.005
A, Agricultural TFP Normalization 0.032 0.032
A, Nonagricultural TFP Normalization 0.021 0.021
q | Agricultural relative price | Normalization (-0.023, -0.012) -0.0216

35Note that the the measured agricultural TFP in this case corresponds the agricultural TFP defined in
equation (7) times total land to the power of (1 — a, — ,), but this is not a problem because total land is
assumed to be constant.

36See pages 166 and 168 of the Korea Development Institute (1997) publication.
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Figure 16: Exogenous Variables - South Korea Data
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E United Kingdom Exogenous Variables and Data Sources

This appendix describes the construction of the exogenous variables used in the simulations of
the United Kingdom, as well as their data sources. Table 10 summarizes the data sources, and
figure 17 plots the exogenous variables used in the simulations together with the measured
data.

Table 10: Sources United Kingdom Data

Variable | Variable description Period Source
, 1800 Mitchell (1962)
N Total Population 1820-1900 Maddison (2003)
E Total Employment 1800(10)1900 Deane, Cole (1969)
N, Agriculture Employment 1800(10)1900 Deane, Cole (1969)
) 1800(10)1850 Deane, Cole (1969)
PY Nominal GDP 1855-1900 Mitchell (1962)
P,Y, Nominal GDP Agriculture 1800(10)1900 Deane, Cole (1969)
1800(10)1850 Deane, Cole (1969)
Y 1 GDP ’
Real G 1855-1900 Mitchell (1962)
P, Agriculture Price Level 1800-1900 Mitchell (1962)
P.x, Nominal Agr Net Exports 1805(10)1855 Davis (1979)
K Real Net Capital Stock | 1800(10)1850-1900 Feinstein (1988)

To construct the exogenous variables total population and total population, only raw
data is used. Data on total population is available for the year 1800 in Mitchell (1962), and
for the years 1820-1900 in Maddison (2003). Data on total employment is available in Deane
and Cole (1969) for the period 1800 - 1900 at a frequency of ten years.

The data used for the aggregate capital stock, which is available in Feinstein (1988)
corresponds to total net stock of domestic reproducible fixed assets minus the category
dwellings. This is the sum of industrial and commercial buildings, other nonresidential
buildings and works, plant machinery and equipment, rolling stock and vehicles, and ships.

It is possible to construct the exogenous variables agricultural and nonagricultural TFP
using the production functions defined equations (7) and (8), together with data on real
GDP by sector and employment by sector. Real GDP in agriculture (which corresponds to
Agriculture, Forestry and Fishing) can be obtained by dividing nominal GDP in agricul-
ture, which is available from Mitchell (1962), by the price level in agricultural, which is also
available from Mitchell (1962) for the sample period 1800 - 1900. Real GDP in the nonagri-
cultural sector can be obtained by substracting the real GDP in agriculture from aggregate
real GDP, which is available in Deane and Cole for the period 1800 - 1850 and in Mtichell
(1962) for the period 1855 - 1900. Data on employment by sector is available in Deane and
Cole (1969) for the entire sample period, and data on aggregate capital stock is available
in Feinstein (1988) for the entire sample period. Using data on capital and employment
by sector it is possible to infer the level of capital by sector, by assuming that capital is
efficiently allocated.
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Figure 17: Exogenous Variables - United Kingdom Data
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To compute the relative price of the agricultural good I divide the agricultural price
level, which is available in Mitchell (1962) for the period 1800 - 1900 by the GDP deflator
of the nonagricultural sector. The latter is constructed by dividing nominal GDP outside
agriculture by the real GDP outside agriculture, both of which are obtained by substracting
the agricultural GDP to the aggregate GDP.

Finally, data on net agricultural imports is also necessary to get agricultural consumption
series. Davis (1979) provides data on net agricultural imports, defined as foodstuffs plus raw
materials, for the years 1805 - 1855. Table 11 summarizes the exogenous variables values.

Table 11: Exogenous Variables United Kingdom simulation

Variable Initial Sample period Future
description value growth growth
N Population Normalization (0.016, 0.008) 0.01
E Employment 28% Population (0.02, 0.012) 0.01
A, Agricultural TFP Normalization 0.0125 0.0125
A, Nonagricultural TFP Normalization 0.0065 0.0065
q | Agricultural relative price | Normalization -0.0043 -0.0043
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